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Summary

Firstly, we investigated the determinants of a) frepensity of Swiss firms to provide
apprenticeship training, and b) the intensity airtng (measured by the employment share of
apprentices). We primarily were interested in thlevance as explanatory factors of the three
constituent elements of the “new firm paradigm”ttbenerged in the course of the last twenty
years: intensive usage of ICT; redesign of workglacganisation; shift from lower to higher
skills. We found that the skill composition of therkforce (including further training), ICT
intensity and, to a lesser extent, workplace osgion are important drivers of apprenticeship-
based skill formation, with stronger effects onirtirag propensity than on training intensity.
Secondly, we analysed the relationship betweeneapipeship training and firm performance. It
turned out that productivity and apprenticeshipairfing propensityor intensity) are negatively
correlated. The study is relevant for training pplin advanced economies where the new firm

paradigm plays a large and growing role.

JEL Code: J2,L2, O3, M5

Key words: Firm-based training; Apprenticeship; Workplacgaorisation; ICT; Skill
formation; Human capital



1. Introduction

In the course of the last twenty years a significdmft in the employment structure from low to
high skills has taken place in many countries, stdes and firms. There are several factors
hypothesised to have driven this development. Totime are, on the demand side, a skill-bias
of technical change, in particular the diffusionloformation and Communication Technology
(ICT), as well as a skill-bias of changes in thgamisation and human resource practices of
firms. In addition, globalisation of the economydahe concomitant specialisation of advanced
economies on the production of knowledge intengivads also are likely to shift labour demand
towards higher skills. On the supply side, the Idegn trend of the extension of higher
education and stronger preferences of employeeswéokplaces involving more autonomy,
team-based working practices, etc. also contributbe observed increase in the employment of

highly qualified personnel.

According to the literature, the demand side eld@sjeim particular technological (ICT) and
organisational change are the key factors drivimg ¢bserved increase of the share of high
skilled workers in total employment. Moreover, theerplay of these forces (complementarities)
seems to accentuate the shift towards higher swilth ICT considered as the causal or enabling
factor (for a detailed discussion of the interatsiof the variables involved, see Caroli, 2001).
Therefore, many authors conceptualised this phenomas a shift towards a new firm paradigm
that is analysed using different labels: from a €hmmnistic” to an “organic” firm structure (Burns
and Stalker, 1994), from the “mass production mbdel the “flexible multiproduct firm”
(Milgrom and Roberts, 1990), or from a “tailoristito a “holistic” organisation of work
(Lindbeck and Snower, 2000).

The empirical evidence for a skill-bias of labowenthnd induced by ICT and organisational
change (including the adaptation of human resopreetices) is quite strong, but the relative
importance of these factors is difficult to detemmiand seems to vary across countries. The
impact of ICT investments, for example, is highbart that of the redesign of workplace
organisation according to studies for the US, Ukeri@any and Switzerland, whereas it is the
other way round in France and ltaly (see the comparin Arvanitis, 2005, pp. 154). The
evidence is weaker for an additional effect onlsk#imand due to complementarities among
investments in ICT and the redesign of workplacgaoisation. The results of the few
comparable papers dealing with this topic are mixeth clearly positive joint effects of ICT
and workplace organisation only in case of Italg &witzerland (see again, Arvanitis, 2005),
and some “indirect evidence” for the US (see Brbanaet al., 2002). The differences across

countries, however, should not be overrated asdbgective studies differ in terms of the firm-
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size or industry composition of samples, the sptibn of core variables or the nature of data
(cross-section vs. panel data). Besides, it is mapd to recognise that the role of
complementarities in explaining a skill-biased dmanf labour demand might be underestimated
in the available studies, since speed and costadpfstment of the factors presumed to be
complements is not the same. A significant incredsi€T investments (e.g. as a response to a
substantial reduction of the price of ICT) may ugfhce the skill composition of labour demand
quite rapidly, whereas the complementary adaptadioa firm’s organisation usually is much
slower. Therefore, organisation may be considergda aquasi-fixed factor in the short-run
(Bresnahan et al., 2002). However, in the medium-ras the process of redesigning the
workplace organisation is completed, the impaatarhplementarities on the skill-bias of labour
demand will be stronger than in the short run. Mswary appraisal of the drivers of the skill-
bias of labour demand based on recent empiricak Weogiven, for example, by Caroli (2001),
Piva et al. (2005) or Arvanitis (2005).

In the following we assume that the shift in labdemand from low to high skilled workers will
last in the “relevant” future, since ICT is likelg provoke new challenges of adapting a firm’s
organisation and human resource practices. Constgu¢here will be a sustained need to
increase the stock of human capital of firms anthefeconomy as a whole. Obviously, there are
different ways of achieving this objective. At madevel, one may take measures to increase the
number and quality of graduates leaving institwgiof tertiary-level education and to ensure the
corresponding intake from the upper-secondary lewdbreover, raising labour market
participation of highly qualified women also mayntibute to increasing the human capital
stock of the economy. At firm level, hiring firstrte labour market entrants trained by other
firms (poaching), recruiting other skilled workef®®m domestic firms, attracting qualified
personnel from abroad, up-skilling the own work#ofay providing further training and offering
apprenticeships (or other firm-based training) @@ans to strengthen a firm’s human capital

base.

In this paper we concentrate on apprenticeshipitrgj which in Switzerland, similar to the other
German-speaking countries, is a widespread praofickill formation at the upper-secondary
level. About 70% of a cohort strives for a vocatibqualification, with 75% of them passing
through the apprenticeship system, whereas the @5 attend full-time vocational schools
(Swiss Federal Statistical Office, 2008The so-called “dual system” of apprenticeship-Hase

vocational training combines education at a vocaticchool of one or two days a week, where

! For an international comparison of systems ofational skill formation, see, for example, Steednf2001,

2005), or, with more emphasis on the subsequenufaimarket experience of trainees having attengedific
types of vocational training, see Ryan (2001).
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general and occupation-specific skills are acquivath work of three to four days a week in the
training company, where learning is concentrated@upation-specific and firm-specific skills.
In the course of the last ten to fifteen yearsrédheas a certain shift in the content of
apprenticeship training towards a higher proportibrgeneral skill provision, in an attempt to
better meet the demands of companies in a knowdbdged economy. Among the changes of
the institutional arrangement of apprenticeshiggdhs one which probably has the most far-
reaching consequences: the introduction of a seaonde demanding stream of apprenticeship
training with a larger component of schooling (“Besmatura”). This diploma guarantees free
access to universities of applied sciences thae wstablished in the late nineties. In this way,
the career prospects of a substantial share ofeappesd significantly improved making
apprenticeships more attractive for school leavasswell as for companies (for similar

developments in Germany, see Feingold and Wagfeg)3

The aim of this paper is twofold: firstly, we watotidentify, based on an econometric analysis,
the factors determining a firm’s demand for appoest In doing so, we primarily are interested
in the relevance as explanatory factors of theethrenstituent elements of the new firm
paradigm, i.e. intensive usage of ICT, redesigmwofkplace organisation, increase of human
capital input. We try to explain whether a firm da@ does not provide apprenticeship training
(“training propensity”), and, if doing so, to whattent a firm is engaged in this type of training
(“training intensity”). Secondly, we analyse théat®nship between apprenticeship training and
firm performance in the framework of a productiamdtion where apprenticeship training is
considered as a separate input factor. The in\agiigis expected to give some indication of the
appropriateness of the apprenticeship system agayaofvskill formation in a highly advanced

knowledge-based economy where the new firm paragigys a significant and increasing role.

The data used in this study stem from two surveysiacted in 2000 and 2005 respectively and
cover the business sector of the Swiss economy ufaeturing, construction, commercial

services). By merging the two cross-sectional ddsag/e got an unbalanced panel with about
3500 firms, of which more than 2800 could be usechodel estimation. Although we are able to
perform panel estimations, it is obvious that tagabase is not sufficient to accomplish a “real”

longitudinal analysis.

As set out in the next section, the model explgnine provision of apprenticeship training
basically includes six categories of explanatoryialdes: a) human capital intensity (skill

composition of the workforce, further education); ibtensity and variety of ICT usage; c)

2
3

In 2005, one out of six apprentices got the diiddrom the high-level stream of apprenticeshiping.

The institutional changes of the apprenticeskigiesn that occurred in the course of the lastaefifteen years
were consolidated by the adoption of a new “Trajniwet” (“Berufsbildungsgesetz”) which became effeetin
2004 (see http://www.admin.ch/ch/d/as/2003/4557.pdf
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different aspects of new workplace organisation a&odhan resource practices; d) physical
capital intensity and average wage level; e) stmattfirm characteristics (size, foreign/domestic
ownership); f) controls (dummies) for regional lboa (reflecting region-specific institutional
arrangements of apprenticeship training, regioabblir market regulations, etc.), for industry
affiliation (capturing industry-specific demand ppects, market structure, intensity of
competition and other factors not explicitly spexfin the model) as well as a time dummy
(controlling for macroeconomic developments, changetraining policy and time-dependent
firm heterogeneity). The dummies for region andustdy affiliation are assumed also to

represent a significant part of the differences agnfirms with respect to the costs of training.

The model of (labour) productivity is based on aduction function with ICT usage, workplace
organisation, physical capital, human capital (skibmposition, further training) and
(endogenous) apprenticeship training as factort;y@esides, it contains controls for firm size,

foreign ownership, region, industry affiliation atiche.

The empirical literature dealing with a firm’s demdafor apprentices so far did not pay much
attention to the influence of ICT usage and workelarganisation. The use of ICT is included as
a variable that determines apprenticeship trairony in Arvanitis and Stucki (2008) and

Beckman (2002, 2008). To our knowledge, the impafcthew workplace organisation on

apprenticeship training has not been econometlyigallestigated to date. In contrast, human
capital was taken into account in several studesinlg with the provision of apprenticeship
training (e.g. Franz et al., 2000; Niederalt, 20Bdckmann, 2008; Arvanitis, 2008; Muhlemann
and Wolter, 2007). However, in most instances, tieterogeneity of human capital was
neglected as, typically, it is only distinguishestveeen skilled and unskilled labour. The effect of
apprenticeship training on firm performance got eoattention only recently (Fougéere and
Schwerdt, 2002; Zwick, 2007; Mohrenweiser and ZwR@®08; Arvanitis and Stucki, 2008;

Arvanitis, 2008} In conclusion, given the state of research, thesgmt paper provides new
insights in the determinants and effects of apjpreship training, mainly by analysing the
influence of the three constituent elements ofrtee firm paradigm, i.e. ICT usage, workplace
organisation and human capital. Moreover, theresaree other elements of the analysis which
distinguish it from many other studies, particijathe large number of determinants of

apprenticeship training and the use of panel data.

The remainder of the paper is organised as folldwSection 2, the conceptual background of
the empirical analysis is presented. In the Sest®and 4, we describe the database and analyse

the pattern of apprenticeship training in Switzedldbased on some structural criteria (firm size,

4 Dearden et al. (2006) analysed the productivifigogs of firm-based training general
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industry affiliation, etc.) and, in particular, terms of the intensity/variety of ICT usage and
some characteristics of new workplace organisatioiection 5 we specify the empirical model
used to explain the propensity and intensity of rappceship training and present the
econometric results. Section 6 is devoted to tlim@wmetric analysis of the relationship between
training activity and labour productivity. Finallwe summarise and discuss the results and draw

some policy conclusions.

2. Conceptual Background

The seminal paper of Becker (1964) serves asrsggobint for this investigation, as it is the case
in most studies on firm-based training. In his vidinms as well as apprentices conceive firm-
based training as an investment in human capitablerg both parties to profit from higher
productivity in the future. However, the firm proeis training only if the expected benefits, i.e.
productivity gains, from such human capital invesits are higher than the costs it has to bear.
Whether this is the case depends on the type 8§ glanerated by training (general vs. firm-
specific knowledge), the costs of training (nettbé trainees’ productive contribution and
subsidies) and the functioning of the market fotlesdk labour. A firm provides general (i.e.
transferable) skills only at zero net training so$tlabour markets work perfectly well (what is
assumed in Becker’'s model). The firm is not pregdceprovide general skills at higher costs,
since the trainees can leave the firm at the enthefapprenticeship at any time in search of

higher wage offers.

In older empirical work the authors were puzzled e finding that the net costs of
apprenticeship training were positive in many oetigms. Against this background the
investment theory of training has been further twped, with Acemoglu and Pischke (1998,
1999a and b) probably the most influential contiidms (see also Elbaum and Singh, 1995;
Franz and Soskice, 1995; Harhoff and Kane, 199%tmann and Schdnberg, 2004; Kessler and
Lulfesmann, 2006; Finegold and Wagner, 2002). Titesature explains the empirical finding of
widespread net costs of firm-based training (suchmprenticeships) mostly with labour market
imperfections: asymmetric information between tagning firm and other companies about the
apprentices’ productivity; unions and work coun@lsorcing firms to accept net training costs

during the apprenticeship; mobility costs (job sbkarcosts of introduction at a new job);

> In this paper, we only consider the investmentiveoof providing training and do not discuss othestives

which may be of some importance such as the praduot the reputation motive; for the relevancelifferent
motives see, for example, Niederalt (2004) and Molweiser and Backes-Gellner (2006).
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reputation effects; etc. In addition, general amchspecific skills often may be complements

and are provided as a pack&ge.

In sum, these considerations imply that ¢éxpectechet costs of (apprenticeship) training a firm
has to bear, in the first place, depend on allofacthat determinéuture demand for skilled

labour’

In the following, more or less in accordance wiltle tliterature (see e.g. Franz et al., 2000;
Niederalt, 2004; Beckmann, 2008), we identify foategories of variables that may influence
the future demand for labour skills and thereforfera’s willingness to provide apprenticeship,

and add as a sixth category the redesign of wockpbaganisation.

Human capital

Firstly, a firm’s provision of apprenticeship trang depends on the skill composition of its
workforce. As apprenticeship training leads to dications at medium level, we expect that the
share in total employment of this skill group isspively related to the number of apprentices.
The same might hold for employees with higher dualions, as far as they are application-
oriented and based on courses on top of apprehipszegin Switzerland: various types of
professional schools up to universities of applsetences that primarily provide vocational-
oriented knowledge and skills). In contrast, we litowhether academic qualifications are
complementary to apprenticeships, since this typertiary education mostly develops general
knowledge on top of general (and not vocationapasgsecondary education. Therefore, we do
not expect a significant relationship between there of university graduates and apprenticeship
training. Apprentices and low-skilled workers (ix@ vocational training degree; on-the-job
training only) tend to be substitutes (at least dase of less demanding streams of
apprenticeships); hence, we expect a negative labae between the share of low-skilled
workers and apprenticeship training. Finally, tieest of further training also may influence the
willingness to provide apprenticeships. We expeatoaplementary relationship as further
training in most countries is positively relatedthe skill level (see Swiss Federal Statistical
Office, 2006).

Intensity of ICT usage
According to the literature discussed in the intrddry section, investment in ICT is considered

as the enabling (if not causal) factor for a staftiards a new firm paradigm. As the process of

®  Most of the extensions of the Becker model mewtib in this paragraph were derived from a (simple)

theoretical model already in the early eightiea aper of Jones and Hollenstein (1983).

This approach differs from the “classical” lineresearch in this field characterised by (direstfountingof
costs and benefits of training; see, among otliersswitzerland: Wolter and Schweri (2002) and Setiwet al.
(2003); for Germany: Beicht et al. (2004). Our gB& stresses thaructural and behavioural aspeat$ a firm
that drive the cost-benefit outcome.

7
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diffusion of ICT and the generation of innovatiansthe field of ICT is likely to go on, we
expect that the relative demand for skilled labeull further increase. According to the
literature, there are several properties of ICTvidg the substitution of lower skills: a) ICT
allows automating routine and well-defined taskbemeas it is much more difficult to do the
same in case of more complex tasks that involvggotent and creativity (Bresnahan, 1999;
Bresnahan et al., 2002; Autor et al., 2000); b)hlyigcomputerised systems produce large
quantities of data that need high-skilled workerget adequately utilised (Arvanitis, 2005); c)
the adoption of ICT itself and its integration imetfirm’s productive system requires skilled
workers, the more so as the use of ICT involvesymantertainties (Caroli, 2001). Whereas it is
quite clear that a more intensive application of i@creases relative demand for skilled labour
as a whole, it is less obvious which category ghhbr skills will “profit” from this technical
change. According to the results of empirical wedknmarised in Arvanitis (2005), the demand
for graduates from universities increases, whetbasevidence with respect to skills at the
medium level is mixed (positive or neutral effecfccording to the majority of empirical
studies, the demand for skills at the higher ineddiate level (qualifications below a university
degree but higher than medium skills) is positivafgcted. In sum, we expect that the intensity

of ICT usage is positively related to apprenticpghaining.

Redesign of workplace organisation and human resopractices

The effects of organisational redesign on skilluiegments should not be very different from
those of ICT. Again the demand for skilled emplayeeexpected to increases at the expense of
unskilled workers. According to Caroli (2001) flting hierarchies, decentralisation of decision
making, greater involvement at the shop floor, exlive work practices (teamwork, quality
circles, etc.), multi-tasking and job rotation #ne core elements of a work organisation that fits
into a production system characterised by strorge®f ICT. Whereas a general shift from low
to high skills resulting from new workplace orgaatien is well documented in the literature, it is
quite unclear which of the above-mentioned thraegmies of skilled labour profits from this
change in labour demand (see Arvanitis, 2005)hénSwiss case, the effects are qualitatively the
same as for ICT usage (neutral in case of the deénfianmedium skills, positive for high
qualifications), but the skill effect of organisatal change is weaker than that of ICT, what is in
line with the results for most countries for whiemmpirical results are available (exceptions are
France and Italy where the impact of workplace oigmtion is stronger than that of ICT).
Moreover, the empirical studies show that the d#feé aspects of the multi-dimensional
phenomenon of workplace organisation are not catedlto the same extent with the demand for
higher skills. In the Swiss case, for example, t@ark and some, but not all, aspects of
delegation of competencies are positively relatedtite demand for high skills, whereas
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flattening of hierarchies or job rotation are nat.conclusion, we expect that a) new workplace
organisation as a whole is positively related vaiprenticeship training; b) this only holds true
for some of the organisational dimensions; c) thiguénce of a redesign of organisation is
weaker than that of ICY.

Physical capital and average wage costs

Physical capital is another production factor whistay influence a firm's demand for
apprentices. However, it is not quite clear whethgrositive or a negative impact should be
expected. On the one hand side, one may argueapipaenticeships in capital intensive firms
involve an above-average proportion of firm-specifiaining, what is an incentive for hiring
apprentices (see e.g. Beckmann, 2002). On the dihed, since a break-down of a capital
intensive production process usually is very cos#lyfirm may not take the risk of (even
partially) entrusting apprentices with tasks redai® complex processes; it may prefer to rely for
such jobs exclusively on qualified and experiensedkers. Which of the two effects dominates

Is an empirical question.

Furthermore, we include wage costs per employea aariable explaining the demand for
apprentices. Since a firm’s overall demand for labis negatively related to wage costs, high
average wages, other things being equal, reduceetpairement of qualified workers and,

therefore, negatively affect the demand for appcest

Firm size and foreign ownership

In accordance with the bulk of empirical studies expect that large firms have a higher
propensityto provide apprenticeship training than small camps. Economies of scale in
providing in-house training (availability of spels&d instructors, specific training facilities,
etc.) as well as some monopsony power on the {ltadabur market and the existence of internal
labour markets, both involving higher retentioregtare probably the most important reasons for
a higher propensity of larger firms to provide appiceships.We expect that the effect of firm
size is levelling off beyond a certain thresholdirflber of employees). In case of training
intensity (share of apprentices in total employment), howetree size effect may be neutral or
negative, at least for two reasons: a) if traininfrastructure is available, the costs for
apprenticeship training are variable what impliest tsmaller firms are not at a disadvantage; b)
the proportion of tasks to be performed by managnstral functions of all kind) and specialists
(e.g. R&D) is higher in large firms. Since appreaship training, in many cases, is not a suitable

Finegold and Wagner (2002) argue convincinglyt thieing apprentices becomes more attractive wherkw
organisation gets more flexible and, in particuwenen the incidence of teamwork increases.

In addition, if one assumes that a large firmaisnultiple of small firms (e.g. several divisionsogucing
different products), it is just more likely thatde firms employ at least one apprentice than sfinalk.
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way of acquiring such qualifications, the smalifg’ demand for apprentices, in relative terms,

might be the same or even higher than that of langes.

Furthermore, we expect that foreign-owned compade®s often provide apprenticeship training
than domestic firms, since they usually are lessilfar with the Swiss apprenticeship system

and may apply “modes of training” taken over frdmeit home-country®

Control variables

The location of a firm (represented by dummiesdeographic regions), as we mention below,
should capture differences with respect to theituiginal arrangement of the provision of
apprenticeship training, the size and functionifighe regional labour market, the quality of the

regional education system, etc. (see Muhlemanniamiter, 2007).

Besides, a firm’s “product market environment” @mrhs of demand prospects, market structure,
intensity of price and non-price competition mayluance training activities. Favourable
demand prospects for a firm’s products should bstipely related to its willingness to offer
apprenticeships (analogous to the positive corcgldbetween macroeconomic growth and the
overall number of apprentices). Moreover, Gersbastl Schmutzler (2006) argue that high
market concentration and low intensity of competitiare a disincentive for industry-specific
training, whereas extensive product differentiati@s the opposite effect. The impact of market
structure on (apprenticeship) training, howevemams ambiguous. As the link to the provision
of training primarily runs via innovative activiig we only can express a well-founded
expectation with respect to this (potential) defeant of apprenticeship training if there is a
well-established relationship between market coost and innovation performance. However,
this is not the case according to the empiricalditure (see e.g. Cohen, 1995). We assume that
the demand and market-related variables, whichd#&ba limitations, cannot explicitly included
in our model, are to a large extent industry-speciience, they are captured by dummies

controlling for industry affiliation™

So far the cost side of training provision largbfs been neglected. Training costs vary among
firms, in the first place, because of differenceghwegard to technological requirements
(reflecting, e.g. the intensity of use of physiaall ICT capital), the structure of the local labour
market for trainees and skilled workers (market @owf local firms, regulations, etc.), the

institutional framework for apprenticeship and ethiecational training as well as for education

10 Another variable used in some empirical work xplain the provision of apprenticeship trainingtie age of

the firm. We could not include this variable be@data are missing for the year 2000. Howevenmastis (not
reported here) based on the cross-section of 280%exl, as one would expect, that older firms areemo
engaged in apprenticeship training than younges.ohlis finding is in line with that of studies ledson panel
data (Arvanitis, 2008; Arvanitis and Stucki, 2008).

The product market environment is explicitly indéd in the empirical studies of Arvanitis (20083 aArvanitis
and Stucki (2008).

11
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at the upper-secondary level. We expect that saglhations, to a large extent, are industry-
specific and/or, as mentioned above, region-spmecitherefore we assume that the costs of
training, in addition to the measures we includel@l usage and physical capital intensity, are

captured by the regional and industry dummies.

Finally, we include a time dummy which may reflechcroeconomic developments, changes in
training policy (which, as mentioned above, indesdurred in the period at hand), or time-

varying firm heterogeneity.

Since theory does not offer specific explanations the propensity and the intensity of
apprenticeship training, we use the same set ofpexdent variables in the two empirical
models. However, the importance of the individugllanatory variables or even the direction of
their influence is likely to differ among the twemkndent variables. An obvious example, as
mentioned above, is firm size that is expectedxtrtea positive influence in case of training

propensity and a neutral or negative one for tngmntensity.

3. Data

The data used in this study were collected in these of two surveys among Swiss companies
conducted in 2000 and 2005 respectively. The ssruegre based on a disproportionately
stratified random sample of firms covering the hess sector (28 industries) and three firm size
classes with a cut-off point of 20 employéesVe did not collect data for smaller companies as
the organisational features we are interested ighimbe irrelevant for most of them (e.g.

“flattening hierarchical structures”). In 2000, wexeived answers from 1688 firms; in the year
2005 the number of respondents was slightly high863 firms). The corresponding response
rates were 39.9% and 36.8% respectively. The quesdires covered questions about the intra-
firm diffusion of several ICT technologies (Intetneintranet, extranet, etc.) and new

organizational practices (team-work, job rotatiemployees’ involvement in decision-making),

the employees’ vocational and further trainingaldo contained some financial and other basic
firm data such as sales, value of intermediatet;ypuage bill, investment expenditures, number

of employees, etc’}

The composition of the respondents of the two sigve terms of industry affiliation, regional

location and firm size classes is more or lesssdrae and corresponds to a large extent to the

2 The sample of the two surveys was based on thieuof employees with at least 20 employees asrtegin

the Census of Enterprises of 1998 and 2001 respéctiAs employment in some companies was lowernvhe
the survey was carried out as compared to the gireg€Census, the dataset used for the analysiscalsains
some firms with less than 20 employees (2.4% ofalted number of firms; see Table Al in the Appendi

The questionnaires were based to a considerabdamteon similar questionnaires used in earlieveys (see
EPOC, 1997; Francois et al., 1999; Vickery and Wurg, 1998; Canada Statistics, 1999). Versionshef t
questionnaires in German, French and Italian casoseloaded from www.kof.ethz.ch.

13
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underlying samples. A (unit) non-response analysmsed on a follow-up survey of a sample of
non-respondents, did not indicate any serious welydias with respect to the core variables of
this study, i.e. intra-firm diffusion of ICT and weorganizational practices. The composition of
the merged data set of the two surveys containl® dbservations is shown in Table Al in the

Appendix.

Item non-response is another (potential) problerthefeconometric analysis of survey data. We
used the multiple imputation technique of Rubin§aPto substitute for missing values. The
model estimations presented in this paper are basélde mean of five imputed values for every
missing value of a certain variable (for a detareglort on the procedure used, see Donze, 2001).
For some variables imputation was not feasiblerefioee model estimations are based on a
reduced sample containing 2859 observations.

4. Training Activities in the Swiss Business Sector

Table 1 shows data on the firm’s willingness tceofipprenticeships (training propensity) and,
based on data for firms having apprentices, therége) training intensity in the business sector
as a whole as well as in sub-sectors and two-digiistries. 75% of the firms in our data set
employ at least one apprentice, with an averageesbiapprentices in total employment of
7% Training propensity (column 1 of the table) is mutigher in the construction sector
(88%) than in the manufacturing and the servicéos€€4% and 72% respectively). Knowledge-
intensive service industries like business or campservices offer vocational training less often
than traditional services. In the manufacturingt@ecthe training propensity of high-tech
industries, on average, is somewhat higher (with itnportant exception of the chemical
industry) than in low-tech industries; but somehd latter show the highest training propensity
among all manufacturing industries (printing, woptbcessing, energy). Training intensity
(column 2 of Table 1) again is highest in the cardion sector (8.7%). In contrast to training
propensity, the service sector exhibits a signifigahigher training intensity than manufacturing
(7.9% vs. 6.0%). However, this result might refldat different firm size composition of the two
sectors as the share of small firms (which haveghen training intensity than big firms; see
Table 2) is much higher in services than in manufaog.

A closer look at Table 2 shows that the trainingpansity correlates positively with firm size up

to 499 employees; beyond this threshold the prapemsmains at about 90%. A negative

4 The data shown in this paper significantly diffesm those reported by Miiller and Schweri (2006Fduse

they used the full Census data (i.e. all firms petelent of the number of employees), whereas fiwitts less

than 20 workers are excluded in our analysis. Siacg small firms by far dominate the Census pajmteand

training propensity increases with firm size, ins surprise that the average training propensityuch higher
in our sample (75% vs. 18% in the entire populgtiarmereas the opposite is true for training initiyn&% vs.

26%).
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correlation is observed for the training intensitjie employment share of apprentices strongly
decreases up to a firm size of 99 workers (from 16%%), with a further (slight) reduction for
the next two size classes (up to 499 employees)samde increase beyond this threshold.
Training activities quite strongly differ among regs (Table 3). Training propensity and
intensity are much higher than on average in Basted Central Switzerland and far below the
mean value in the French and the ltalian speakemyspof Switzerland (where school-based
vocational training is more widespread than in test of Switzerland). Finally, the training
propensity is slightly higher in 2005 than in 200hereas it is the other way round in case of
training intensity (Table 4).

Table 5 gives some information on the differenceswben firms providing apprenticeship
training (“training firms”) and those without apptees (“non-training firms”) in terms of the
variables which are at the core of our interest, human capital, ICT usage and workplace
organisation (share of firms with above-averageieslof the respective indicators). It turns out
that human capital intensity is much higher inrig firms than in non-training firms. In
training firms, particularly the share of skilleakkers at the intermediate and the non-university
tertiary level is higher and that of low-skilled wkers lower than in non-training firms;
moreover, further training is a more widespreacica. Training firms also are more intensive
users of ICT: intra-firm diffusion of the intranahd variety/complexity of Internet applications
are significantly higher than in non-training firmahereas we do not find any differences
between the two categories of firms in case ofgéreeral use of the Internet (i.e. not specified in
terms of application area). With regard to workplaarganisation, the differences between
training and non-training firms are much less ateated than for human capital and ICT. All
organisational practices considered are more peavah training than in non-training firms, but

we find a significant difference only in case o tiffusion of teamwork.

5. Econometric analysis of the determinants of appremteship training
5.1 Specification of the empirical model

Dependent variables

We used two dependent variables: firsttgining propensity TPR), a binary variable measuring
whether a firm does or does not provide apprertipesaining, and, secondlyraining intensity
(TIN), a quantitative variable indicating the extef a firm’s involvement in training activities,
measured as the percentage share of apprentit@sliemployment of a firm. TIN is only used

for “training firms”.

Determinants of TPR and TIN
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According to the theoretical framework presente@®action 2, we distinguish six categories of
variables potentially determining training actiggi In the following we specify for each of these
groups of variables the measures we used in matielaion (for a precise definition we refer to
Table 6). TPR and TIN are explained by the samefseidependent variables, with one variable

dropped in case of TIN to satisfy the requiremetsconometric theory (see below).

* Human capital

The firm’s use of human resources is measured &gkhl composition of the workforce and the
participation of employees in further training &ittes. The skill composition is represented by
the employment share of four categories of workefigecting different qualification levels (full-
time equivalents): employees with university degréeHIGH1); with other tertiary degrees,
including those from universities of applied sciesic(LHIGH2); with diploma from
apprenticeship training or full-time vocationalitiag at upper-secondary level (LMED), and,
finally, employees without any (formal) vocatiortEgree (LLOW). These variables are used as
proxies for anticipated demand for the respectkilk group. As set out in Section 2, we expect
positive signs for LMED and LHIGH2 and a negativeedor LLOW, whereas we do not expect
a significant influence on the provision of appreeship training for LHIGH1. Moreover,
further training (FTRAIN), measured by the shareeafiployees engaged in further training

activities during the reference year, should betpesy related to apprenticeship training.

* Intensity of ICT usage

There are many indicators one could use to capharéntensity of ICT use (see, among others,
European Commission, 2007; Hollenstein et al., 2@3quet and Brossard, 2007). For the
present study, we decided to rely on two varialffes details see Table 6), the first one
reflecting the intensity of use of a firm’s ICT iabtructure, the second one referring to the
variety and complexity of Internet applications.eTtirst aspect is represented by the variable
“intra-firm diffusion of the intranet”, measured bye share of employees regularly working with
this element of ICT infrastructure (five dummy \abies, running from low (INTRA_1) to high
intensity of use (INTRA_5), with “no use” as refece group). To capture the second aspect, we
draw on detailed information about the purposesafioich a firm employs the Internet, ranging
from simple “search for information” up to more dmmding functions like “E-selling”. We just
add up the number of such applications (up to eagilications) and take the mean to get a
measure of the variety and complexity of the Intenumse (INTER: value range of O to 1). Based
on the reasoning in Section 2, we expect that INTi&Rositively related to apprenticeship
training. The same applies for the intensity of oéd¢he intranet; INTRA 5 should show the
strongest, INTRA_1 the weakest positive correlatioith the propensity and intensity of
apprenticeship training.
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* Workplace organisation
The redesign of workplace organisation has manyedsions (see Section 2), several of them
included in the specification of our empirical mbdét the level of the firm as a whole, we
consider the “change of the number of hierarchegtrs” having occurred during the five year
period preceding the survey of 2000 and 2005 réisqede: dummy variableA LEVEL, with
value 1 (“the number of hierarchical layers decedds and O (“remained the same or
increased”). Similarly,A_DECENTR captures the “change of the degree ofgdéilen of
competencies at the workplace” that occurred inpifeeeding five years, with value 1 (“degree
of delegation of competencies increased”) and @nfained the same or decreased”). The
variables TEAM and ROTATION stand for the curreavdl of diffusion of teamwork on a
permanent basis (quality circles, semi-autonomauosiyction teams, etc.) and of job rotation
respectively. Both variables are measured on gaint Likert scale running from value 0 (“no
use of the respective work practice”) up to 5 (weridespread use”). Finally, we rely on a
composite measure of the “distribution of compeinat the work place among managers and
workers” (DECENTR). This variable reflects the fsmassessments of the degree of
decentralisation of decision-making at the workplacseven specific matters (e.g. “who decides
on the work pace?; for details see Table 6). Tlsesssnent for each item is measured on a five-
point Likert scale running from value 1 (“the limeanager decides fully on his own”) up to 5
(“the worker decides fully on his own”). The compesindicator DECENTR represents the
arithmetic mean of the single assessments; theneits value range runs from 1 (“fully
centralised decision making”) up to 5 (“fully detextised decision-making”).

New workplace organisation, though not to the exsn ICT, is positively related to human
capital intensity in most empirical studies (see&ti®a 2). Therefore, it also should positively
affect the provision of apprenticeship training.wéwer, we do not expect that this is the case for
each dimension of organisation and human resousz#iges included in the model. It would not
be surprising if there is no significant relatioipstbetween A LEVEL and ROTATION
respectively and apprenticeship training. In casa d EVEL, one could argue that a reduction
of the number of hierarchical layers is a changé¢hatlevel of the firm as a whole, whereas
decisions on apprenticeship training are primamated to the needs at a much lower level of
organisation (“shop floor”); the two decisions midmjs be hardly correlated. Job rotation, in
many companies, may be a measure implemented byn#magement for maintaining work
motivation among low skilled workers (assembly-limerkers, machine operators, etc.); in this
case, ROTATION would be negatively correlated (pleast uncorrelated) with apprenticeship
training. Teamwork might be a very different mattdfe presume that working in teams is an

organisational arrangement that is well-suitedifidegrating apprenticeship training, since team
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leaders and experienced team workers are on thef@psupporting work-based training of
apprentices. Therefore, we expect a positive g EAM.
A high degree of decentralisation of decision-mgkat the workplace (DECENTR), at first
sight, also may be expected to be conducive toeapigeship training. However, depending on
the hierarchical level at which it is decided onirfy apprentices, the training propensity may
differ. One could argue that the workers at lowrdmehical level have a rather low preference for
apprenticeships because they are directly confdontth the costs of training (part of which they
have to bear themselves). If decisions on the prawiof training are taken at a higher
hierarchical level (what iot reflected in DECENTR) to guarantee a longer-teriewvon
apprenticeship training, the preferences of theleyags at the bottom of the hierarchy may be
overridden. These arguments also may applyAt@®ECENTR (“degree of delegation of
competencies increased”). In sum, although we baltb expect a positive sign for DECENTR
and A_DECENTR, reflecting the general hypothesis of aifpe effect of the redesign of
workplace organisation on the training propensitg,would not be surprised if the correlation of
these two variables with apprenticeship traininggéak or even negative. We conclude from this
(partly speculative) reasoning on the possible ceffeof the various aspects of workplace
organisation on training provision that tléection of the influence mostly is an empirical
matter.
* Physical capital and average wage costs
We use gross capital income (i.e. gross value addiedis wage costs) per employee as an
indicator of the physical capital intensity of anfis activities (LCL). As set out in Section 2,
because of countervailing influences there is paai sign expectation. The average wage level

of a firm (LWL), for which we expect a negative 3jgs measured as wage costs per employee.

* Firm size and foreign ownership

In order to allow for a non-linear relationship ween firm size and apprenticeship training, we
use dummies for firm size classes (SIZE_1 up toESH), with firms employing less than 20
workers as reference grolipAs set out in Section 2, we expect a positiveuifice of firm size
on TPR, whereas in case of TIN the sign is likelyobe negative or statistically insignificant.
Foreign ownership is measured by a binary varidb@REIGN), with value 1, if the firm is

foreign-owned, and value 0 otherwise; we expe@gatve impact on apprenticeship training.

e Control variables
We used dummies to control for regional effects GRE up to REG_6, with “Ticino” as

reference region) and industry effects (IND_1 upIfD_27, with “personal services” as

> The data set contains some firms with less ti@aariployees for reasons set out in footnote 1Boatth the

sampling frame only did account for larger firms.
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reference industry). We also inserted a time dum(vg005) to control for time-related

specificities of 2005 as compared to 2000.

In the appendix, we show the descriptive statificghe dependent and independent variables
(Table A2) as well as the correlation matrix of tleeplanatory variables (Table A3).
Multicollinearity is no serious problems for modes$timations as the correlation with other
variables is weak, with very few exceptions (eNTRA_5, TEAM or LLOW).

5.2 Empirical results: “training propensity” (TPR)

The probit model is an appropriate estimation pdoce as training propensity (TPR) is a binary
variable (provision of apprenticeships yes/no). ¥gimated two different probit models, the
first one with pooled data for the years 2000 a@@52and a time dummy, the second one with
random effects to take into consideration firm hageneity.

The results are shown in the first two columns abl€ 7. Both models are satisfactory in terms
of model fit and yield more or less the same resulhe overall pattern of explanation is in line

with the underlying model although not all covaggturn out to be statistically significant.

In the first place, we are interested in the impacttraining propensity exerted by the variables
that are the basic ingredients of the new firm gigra, i.e. human capital, ICT usage and
redesign of workplace organisation. Firstly, theutes with respect to human capital are
(practically) fully in line with the a priori exp&ations. Firms with a high share of employees
with a vocational qualification at the medium le€MED) and of employees with a non-
university tertiary-level degree of vocational oiion (LHIGH?2) are significantly more likely
to offer apprenticeships. Participation in furtbr@ining (FTRAIN) shows a positive sign as well
but is statistically not significant. Firms withhégh share of employees without a formal degree
or any vocational qualification (LLOW) are less dii to provide apprenticeship training
(although the statistical significance is not ovieeliming). Finally, as expected, the employment

share of university graduates (LHIGH1) is uncomedawith training propensity.

The second element of the new system of productienthe usage of ICT, also is positively
related to training propensity what again is irelwith theoretical prediction. This holds for both
proxies of the intensity of ICT usage, the variatgl complexity of Internet use (INTER) and the
degree of intra-firm diffusion of the intranet (IRR_1, ..., INTRA_5, representing increasing

shares of employees regularly working with the angét). The influence of the intra-firm
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diffusion of the intranet is not linear; we findetistrongest effect on training propensity for firms

where 40% to 80% of the employees regularly usedtgiment of a firm's ICT infrastructut®@.

The third element, i.e. the redesign of workplacganisation, as expected, is correlated with
training propensity to a much lower extent than imensity of ICT usage. In view of our
reasoning in the previous sub-section, it is napssing that only some of the dimensions of
new workplace organisation are correlated with likelihood of providing apprenticeship
training. Working in a team (TEAM), as hypothesisisda favourable environment for in-house
vocational training. It is also not very surprisititgat A_LEVEL (flattening of hierarchies) and
ROTATION (job rotation) do not influence traininggpensity. The negative sign we find for the
degree of decentralisation of competencies (DECENAFR the insignificant coefficient &f are
not in line with the general hypothesis of a pwositieffect of the redesign of workplace
organisation on the training propensity. Howeveraayued above, this result could reflect that in
a (strongly) decentralised work organisation, thgpleyees on the “shop floor” do not have
much incentive to instruct apprentices, since dlaisvity would reduce their “direct” contribution
to the firm’s output (which probably is more awatdkan the “output” from training apprentices
which is hard to measure). In conclusion, we figttworking in teams is a learning
environment which is well-suited for apprenticeshigining, whereas the other dimensions of
new workplace organisation do not raise the prapemns provide apprenticeship training. We
find thus evidence for some influence of new woakpl organisation on the training propensity

but it is rather weak and not uniform for the diéfiet organisational dimensioffs.

The influence of the other explanatory variablemm ibne with the expectations: Firms with high
average wages provide less apprenticeship trathiaig those with low wages. Physical capital
intensity is not correlated with training propewsithere is thus no significant net effect of the
two countervailing forces we mentioned in Sectiolf Foreign firms, as expected, are less
involved in apprenticeship training than domestime® Training propensity more or less
monotonically increases with firm size beyond aimum threshold of fifty employees, with
some flattening between 500 and 1000 employeesaM@efind a positive time effect for the

year 2005 what may reflect, among other things,espolicy measures taken in the aftermath of

® The insignificant result for firms where 81-1008%hemployees work with the intranet either may aeflthe

quite significant correlation with INTER and humeapital intensity, or may indicate that such firnmsterms

of ICT use, are so complex that apprenticeshipitngiis not an appropriate way of recruiting quedflabour.
Finegold and Wagner (2002) argue convincinglyt thieing apprentices becomes more attractive wherkw
organisation gets more flexible and, in particuwenen the incidence of teamwork increases.

When we consider all organisational dimensiongrate, by calculating a composite organisation ciagir
based on a principal component factor analysishef five dimensions of organisation, we do not get a
statistically significant effect on the trainingopensity.

Based on a sub-sample pertaining only to high-teclustries and knowledge-intensive services we ago
statistically significant negative coefficient, vitia quite plausible in view of the complexity dfet production
process in many firms of this part of the econosgge(the argument put forward in Section 2).

17

18

19



18
the economic downturn of 2001/03 to foster trainomgvision (exerting pressure on employers
to provide apprenticeships; introduction of a neélwaining Act”, establishing less demanding
types of apprenticeships for low-ability schoolVess, etc.). Finally, the dummies reflecting

regional and industry effects are jointly statialiig significant.

To sum up, the model explaining a firm’s propensityprovide apprenticeship training is quite
well supported by the data. There is strong eviddoc a positive relationship with the training
propensity for two out of the three core elemeritthe new firm paradigm: a) human capital
intensity (the vocational-oriented types of labaualifications, including further training); b)
intensity of use of ICT (intra-firm diffusion of ¢hintranet, variety and complexity of Internet
use). The effect of new workplace organisation igimweaker and is significant only for some
of the organisational dimensions included in theletoNevertheless, we conclude that a change
towards the new firm paradigm, as characterise@eantion 1, goes along with an increasing

propensity of firms to apprenticeship training.

5.3 Empirical results: “training intensity” (TIN)

TIN (employment share of apprentices) only referditms actually providing apprenticeship
training. In this case, OLS is not an appropriat@enation method as the results may suffer from
a selection bias. Therefore we estimated a twoestiegkman selection model (Heckman, 1979),
where the probit model in column 1 of Table 7 i®digs selection equation. The variable
FOREIGN has deliberately been dropped in the TINagign, shown in column 3, to make sure
that the estimated coefficients are reliable (se®Mtidge, 20025° The mills ratio turns out to
be statistically significant at the 1%-level indiog a selection bias; the Heckman model is thus
clearly more appropriate than OLS estimation. Tdselits of the Heckman estimation of the TIN

equation are shown in column 3 of Table 7.

In strong contrast to the results for TPR, we fihdt the three core elements of the new firm
paradigm, i.e. human capital, ICT and workplaceaargation, do hardly contribute to explaining
TIN. Even human capital input, with the exceptidrilee extent of further education (FTRAIN),

has no explanatory power (the negative sign forst@re of academicians LHIGHL is not at
variance with model expectations). These somewlngtrising results are partly due to errors in
the measurement of TIN, reflecting the way the aatee collected: the firms did not provide the
absolute number of apprentices but only an estimitkeir share in total employment. Since it
is (very) low in many companies (the sample ave@ddgEN is only 7%), the differences of TIN

among firms may not be very reliable. Thereforepider to get some clue of the relevance of

the measurement problem for the outcome of mod&hason, we transformed the quantitative

2 |n addition, we had to omit LLOW as it is highdgrrelated with other human capital variables.
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TIN variable onto an ordinal scale. We grouped fthmas according to their TIN value in five
ordinal classes of similar size. We then estimatetbred probit models and got the following
results for the key variables: Human capital initgnisecomes now a significant determinant of
training intensity in more or less the same wait a&s the case for training propensity (positive
effect of medium-level and non-university tertideyel qualifications as well as of further
training). However, the results for the other tiengents of the new firm paradigm remained the
same as in the Heckman estimation, meaning thatuk2ife and workplace organisation do not

influence thantensityof training.

The explanatory variables not related to the new fparadigm, i.e. average wages, physical
capital intensity and firm size, show the expedgph and are statistically significant; the same
holds for the region, industry and time dummies.e¥éias the size effect turned out to be (more
or less monotonically) positive in case of trainipgopensity, we find aliscrete negative
relationship between firm size and trainimgtensity all firms employing more than 50
employees provide, to the same extent (no sigmfichfference between the coefficients of
SIZE_2 up to SIZE_6), less training than firms wahks than 20 workers.

To sum up: we found strong evidence for a positivgact on training propensity at leasttwo

out of the three categories of variables represgritie new firm paradigm (human capital and
ICT). In case of training intensity, however, omge of the three variable sets (human capital)
exerts a positive influence, whereas this is dafini not the case for ICT and workplace

organisation.

6. Econometric analysis of the impact of apprenticespitraining on labour
productivity

6.1 Specification of the empirical productivity model

The model explaining a firm’s labour productivity based on a production function with the
input factors human capital (skill composition,ther training), ICT, workplace organisation,
physical capital and, finally, apprenticeship tmagn(represented, alternatively, by the training
propensity and the training intensity). We expegtoaitive effect on productivity for all input
variables, with the exception of the apprenticestaming variable for which we do not have an
a priori sign expectation (in particular as dataitations prevent us to estimate a model where
the impact of apprenticeship training on produtyirimarily may become effective in the

future).
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We estimated the following specification of the gwotivity model: Labour productivity (LQL:
value added per employee; logarithm) is used aerttiEmt variablé® The explanatory variables
ICT usage, workplace organisation, physical capmignsity (logarithm) and the two alternative
measures of apprenticeship training (TPR, TIN)smecified in the same way as in the “training
model” (see sub-section 5.1). Human capital inputaptured by two variables, firstly, the share
of employees of the two highest skill levels (asdusn the *“training model”) in total
employment, and, secondly, the share of employeeticipating in further training. The
equation we estimated also contains a set of binanyrol variables (foreign ownership, firm

size classes, regions, industry affiliation andefim

We estimated two separate models: in the first theeinput of apprentices is represented by the
training propensity (TPR), in the second one bining intensity (TIN). To take into account the
endogenous character of TPR and TIN we appliedumsntal variable estimation (2SLS),
based on pooled data or random effects. The refauliPR (in this case the first stage are probit
estimates) are shown in the columns 1 and 2 ofeT8@bland those for TIN (the first stage is
based on OLS regressions) in columns 3 and 4.de o&ATPR, we additionally used a two-step
consistent Maximum Likelihood estimator (MLE)This procedure considers the influence of
the endogenously chosen binary variable TPR onetiidbgenous continuous variable LQL,
conditional on two sets of independent variable® (e results in column 5 of Table 8). The
variable FOREIGN that correlates with TPR but nahw.QL is the identifying variable in the
instrumental variable estimations including TPRioms 1 and 2 of Table 8) and the Maximum
Likelihood estimation (column 5 of Table 8). Thentlmy “export yes/no” serves as identifying

variable in the instrumental variable estimatianguding TIN (columns 3 and 4 of Table 8).

6.2 Empirical results

Productivity model based on “training propensity”

The model fit is satisfactory and the estimatesdyialitatively the same results for the three
estimation methods (columns 1, 2 and 5 of TableT8g productivity effects are weaker for
some variables (e.g. ICT) in MLE estimates as coeth#o 2SLS estimations.

In line with our expectations, we find a statistligaignificant positive productivity effect of a)
physical capital intensity (LCI), b) human capitatensity represented by the share of high
skilled employees (LHIGH12) and the share of woskearticipating in further training
(FTRAIN), and c) ICT intensity measured by the shaf intranet users (INTRA_2, ...,

2L Alternatively, we used value added per non-apjmeremployee as a measure for labour productsiitge one

may presume that the productivity effect of appoasthip training is biased in view of the aboverage share
of apprentices in small firms. However, this altgive specification did not change the results.

22 We used the STATA “treatreg” procedure.
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INTRA_5) as well as the variety and complexity weirnet use (INTER). The productivity effect
of new workplace organisation is quite small; ofiyorking in teams” (TEAM) shows the
expected positive productivity effect, and “jobatwon” (ROTATION) is negatively related to
labour productivity. Finally, firms having apprergs are less productive than those providing no

apprenticeships (negative sign of TPR).

Productivity model based on “training intensity”

This model also fits the data quite well. As expd¢ctwe get statistically significant positive
productivity effects for a) physical capital intégsb) human capital intensity (though weaker
than in the model with TPR), c) workplace organgai{much stronger than in the model with
TPR: significantly positive effects of the variabl&eam work”, “decentralised distribution of
competencies” and “flattening of hierarchies”; naga effect of “job rotation” and of an
“increase of the delegation of competencies atwbekplace. The productivity effect of ICT is
weaker than in the model with TPR (significant pigsi sign only in case of a very high degree
of intra-firm diffusion of the intranet). Finallyn accordance with the estimates with TPR, we
find that the correlation between TIN and labouwsdarctivity is significantly negative, meaning
that, among the firms providing training, thosehndt high employment share of apprentices are

less productive than those with a low share.

To sum up, both the propensity of a firm to off@peenticeship training (TPR) and, given
apprenticeship training is provided, the employm&mire of apprentices (TIN) are negatively
correlated with labour productivity. These resalts based on estimation techniques taking into

account the endogenous character of training sietvi

7. Summary, Discussion, Policy Implications

In the first part, we identified the factors detarimg a firm’s demand for apprentices using two
alternative training variables, i.e. the firms’ kvigness to offer apprenticeships (“training
propensity”) and the extent of training provided cympanies having apprentices (“training
intensity”). The investigation particularly emphssi as explanatory variables the three
constituent elements of the new firm paradigm psegloin the literature in the course of the last
two decades: a) intensity of use of ICT, b) new kptace organisation, and ¢) human capital
intensity. In addition, we took into account phyicapital intensity, the average wage level,
firm size and foreign/domestic ownership of the pamy; moreover, we controlled for regional,
industry and time effects. In the second part, nedysed in a production function framework the
relationship between apprenticeship training and fperformance, treating the two (alternative)
measures of training activity as endogenous vasallhe study is based on an unbalanced panel

of Swiss firms for which we collected data by meahsurveys in 2000 and 2005 respectively.



22

7.1 The provision of training
Training propensity

In case of the training propensity, there is streniglence for a positive impact of two out of the
three core elements of the “new firm model”: a) lamntapital intensity (significant variables:
share of employees with medium-level qualificationdth non-university application-oriented
tertiary degrees and with participation in furthezining (and significant negative sign of the
employment share of low-skilled worker)); b) inténsof ICT usage (degree of intra-firm
diffusion of the intranet; variety and complexitf laternet applications). The third constituent
element of the new firm paradigm, i.e. the redesifjworkplace organisation, is less important
as a determinant of training propensity as we &nglgnificantly positive effect only for one of
the organisational dimensions taken into considmrafintra-firm diffusion of teamwork).
Nevertheless, the results suffice to concludedhaiange towards the “new firm paradigm” goes

along with an increasing propensity of firms to\pde apprenticeship training.

The effects of the explanatory variables that arterelated to the new firm paradigm are largely
in line with the expectations: negative effect fine average wage level; no significant
relationship for physical capital intensity, sigo#int effect of dummies for regions and
industries. Of special interest from a policy pawfitview are the results for foreign ownership,
firm size and the time dummy for 2005. Firstly th@ning propensity of foreign firms is lower
than that of domestic companies, what may inditae such firms often are not familiar with
the Swiss apprenticeship system and/or prefer ¢éo‘m®des of training” taken over from their
country of origin. Secondly, the willingness to yide apprenticeship training increases with
firm size more or less monotonously, in particularthe range of 50 up to 500 employees.
Thirdly, we find a positive time effect for the ye@005 that cannot be explained by
macroeconomic developments as the cyclical statkeoéconomy was more favourable in 2000
than in 2005. We presume that the time effect,otbes extent, reflects institutional changes of
the apprenticeship training as well as specific snezs taken in the period 2000-2005 to foster

the provision of apprenticeships (see Section 1).
Training intensity

In contrast to the training propensity, we onlydfievidence for a positive influence on training
intensity for one of the three constituent elemetthe new firm model, i.e. for human capital
(positive effect for medium-level and non-univeydiertiary-level qualifications as well as for
further training). ICT usage and workplace orgatmsado not seem to influence the intensity of

training provision.
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The results for the explanatory variables not eelab the new firm paradigm (capital intensity,
average wage and foreign ownerships well as industry, region and time effects) \aeey
similar to those we got for the training propensitpe only exception is firm size: whereas the
training propensity more or less monotonically @ases with firm size, we find a discrete
negative relationship for the training intensityt frms employing more than 50 workers

provide, to the same extent, less training thandiwith less than 20 workers.

In a policy perspective, the results with respecfareign ownership and time, which are the
same as for training propensity, again are intemgsiThe negative sign for foreign ownership
implies that foreign firms, even if they providepapnticeship training, offer less apprenticeship
positions than domestic ones. The positive timectfffor 2005 again may reflect policy
measures taken in the period 2000-2005. Furtherntioeerelatively low training intensity of the
larger firms, which mostly provide high-quality itmang, may be a problem as these companies

contribute, in absolute terms, a lot to the ovdralhing output.
Assessment and policy implications

How do the findings with regard to the core vamsbbf our model compare to the results of
previous econometric work? The very few studied talie account of ICT vyield divergent
results. Beckmann (2002, 2008) got a positive &ffeased on a very rough measure of IT
investments, both on training propensity and omitng intensity for a cross-section of German
firms, whereas we did so only in case of trainingpensity. Arvanitis and Stucki (2008) found
some weak evidence for a negative influence ofubege of Internet and intranet on training
propensity based on a cohort of Swiss start-upsfirm view of the different measurement of
ICT usage and sample characteristics (new vs. lestad firms) a comparison of the results of
the few studies with our findings might not beable. As the present paper, to our knowledge, is
the first one investigating econometrically the aopof new workplace organisation on training
provision, it is obvious that the results cannotcbenpared to previous work. In contrast, there
are several studies including human capital asrialMa explaining apprenticeship training (see,
among others, Franz et al., 2000; Niederalt, 2@&ckmann, 2002, 2008; Arvanitis, 2008;
Muhlemann and Wolter, 2007). Unequivocally and éeadance with this paper, these authors
find a positive effect. However, our investigatisnmore differentiated than most previous ones
as these only distinguish between qualified anduahfied labour and do not analyse the role of
further training. We show, similar to Arvanitis (), that the positive impact of human capital

on training propensity can be traced back to voaali qualifications at the medium level

% The effect of foreign ownership on training irgp is not reported in Table 7 for reasons we ulised in

subsection 5.3. Specific estimates showed thateffext of this variable is negative (as in casetrafing
propensity).
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(apprenticeships) and to application-oriented noivarsity tertiary education, whereas the share
of academics is negatively or not correlated wrdining propensity. Moreover, we find that
further training also positively influences the yigon of training; apprenticeship and further
training are thus complements rather than subssiiuArvanitis and Stucki (2008) get the same

result for a cohort of young firms.

In a policy perspective, the results with respecthie impact of human capital, ICT usage and
new workplace organisation on the propensity to vig® apprenticeship training are
encouraging. These imply that the Swiss appreritipesystem is appropriate to adapt to the
changes required for a transition to the new firanadigm. The fact that a high share of non-
university tertiary degrees is positively relatedthe training propensity also is a promising
result. In policy terms, one may conclude that \tbeational-oriented higher education should
(continue to) get high priority in policy makingh& complementarity of apprenticeship and
further training also points to the appropriatersfsthie apprenticeship system; it might provide a
good basis for coping with the continuous adaptatd skills required in a knowledge-based
economy. Nevertheless, it remains an open questlather specific measures are required to
strengthen the incentives (e.g. through the tatesysfor further training.

So far some policy recommendations derived fronréiselts for the core variables of our model.
In the policy context, the results for some othariables also may be informative. Firstly, since
foreign firms are less involved in apprenticeshigining in terms of propensity as well as
intensity, it is important to identify the factomeventing these firms from offering (more)
apprenticeships places. Only then one can assesthavhit is necessary to design policy
measures specifically targeted to this categorfyrofs. Secondly, it should be investigated why
the training intensity of medium-sized and largenpanies is lower than that of small firms
(even having controlled for industry effects andefgn ownership). Is it because the
apprenticeship system has become less attractivtbifogroup of firms than it used to be, and, if
it is the case, for what reasons (e.g. internalisaizon of the firms’ activities and/or their
management; higher preference for recruiting foreigprkers, graduates of upper-secondary
schools ofgeneraleducation or graduates from tertiary educatiotituri®ns; etc.)? Based on the
results of such an analysis, one could deliberdtetiver specific policy measures are required.
Thirdly, as the positive time effect for 2005 mag the result of policy actions taken in the
period 2000-2005, it would be helpful to evaluateit effect (and efficiency) to get some
guidelines for future policy; however, it may st too early to evaluate the effects of the new

“Training Act” that became effective in 2004.
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7.2 The relationship between apprenticeship training ad productivity

We identified the relationship between apprentigestaining and a firm’s labour productivity in
a production function framework with several inputsman capital (skill composition, further
training), ICT, workplace organisation, physicapital and (endogenous) apprenticeship training
(alternatively, training propensity and intensitye found a negative relationship between both
measures of apprenticeship training and labourymodty. For the other input factors we got
the predicted positive signs. Since we controll&dfirm size, foreign ownership and the effects

of industry, region and time, the negative corietats well established.

The relationship between apprenticeship training &mm performance was analysed only
recently. In accordance with the present paperaditis (2008), using Swiss panel data, found a
negative correlation between training propensitg &aining intensity respectively and labour
productivity. Arvanitis and Stucki (2008), based @rohort of Swiss start-ups, also detected a
negative sign. It is thus a common result of thielists for the Swiss economy that apprenticeship
training and labour productivity are negatively reteted. Fougere and Schwerdt (2002)
estimated productivity functions for a sample ofiGan and French firms differentiated by three
firm size classes. They did not find any significeglationship for small and large firms in both
countries, but got a negative sign for medium-sifieds (20 to 200 employees) in case of
Germany but not for France. Quantile regressionsveld positive correlations for the first three
quartiles in the French case, whereas for Germaaydsults were mixed (positive sign for the
fourth, negative for the first quartile). Zwick @D) did not find a significant correlation between
training propensity and productivity for the Germeosonomy as a whole, but Mohrenweiser and
Zwick (2008) showed that this result is due to djueg effects for specific occupations: for
manufacturing occupations the correlation is negativhereas it is positive in case of craft and
construction as well as commercial and trade odeupa In sum, the studies for France and
Germany are not very conclusive: they only showeakvcorrelation of training propensity and
productivity at the aggregate level, whereas negair positive effects are found depending on
which specific segment of the economy is considered

What can we learn from the results for Switzerlakd3t of all, one should be very cautious in
interpreting the negative relationship between apiceship training and labour productivity.
One problem is that the results are derived frotmasing a productivity equation which, for
data limitations, does not take into account dymareffects. In other words, we relate
investments in apprenticeship training with conterapeous productivity; thus we abstract from
productivity gains that may be realised in the fetlAs a consequence, the correlation between
apprenticeship training and labour productivity st be interpreted as a causal relationship.
The negative sign rather reflects a (descriptivesoaiation between the two variables: highly
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productive firms less often offer apprenticeshipsl dhe employment share of apprentices is

lower in this category of firms.

We presume that the negative relationship betweedugtivity and apprenticeship training
reflects some structural characteristics of theneowy. Low productivity firms may be
concentrated, to a certain extent, in the doméstinstruction, trade, etc.) and/or the craft sector
(e.g. parts of metal working) rather than in thep(t-oriented) industrial sector; or they are
operating in more traditional, less dynamic compankFirms of these segments of the economy,
in many instances, are well integrated in the appreship system for various reasons (tradition,
low training costs, etc.), what is not the case,ifgtance, for the fast growing computer and
business services (see Table 1). Industry and dimemies capture the above-mentioned
structural characteristics not as differentiatecbas would like (e.g. the construction industry
contains craft firms as well as integrated deveaiepgeneral contractors, etc.). One should thus
differentiate the industry dummies and add contfmighe type of firm (e.g. craft vs. industrial)
or the specificities of the production processefdispecific production, production in batches,
continuous flow production). In any case, one isll vaglvised not to draw far-reaching
conclusions without a more in-depth analysis ofréationship between apprenticeship training
and productivity; it certainly would be worthwhil® study specifically the training and
recruiting behaviour of highly productive companaswe do not really understand why they
offer less apprenticeship places than less progeititims.

If the apprenticeship system should keep its pmsitis the most prominent way of producing
(basic) vocational knowledge, it is necessary ihist (or becomes more) strongly established in
the high-growth part of the economy. The fact tihat core variables of the new firm paradigm
positively correlate with the training propensitgynindicate that this is the case to a significant
extent (although the negative correlation betweaiming and productivity casts some doubt on
this positive assessment). Policy should emphasisa more than in the past the flexibility and
adaptability of the apprenticeship system in otdecope with the challenges and requirements
of the knowledge-based economy which increasinglyternationalised and/or based on high-
value added services. Moreover, it is necessapptimise theoverall system of education and
training rather than the apprenticeship systemtsalfi since the links between the different
system elements (general upper-secondary educapprenticeship system, full-time vocational
schools, further education, non-university vocaleoriented tertiary education) have become
tighter. Policy already moved in this direction dcsignificant extent in the course of the last
fifteen years. In particular, establishing “Berutgnra” and “Fachhochschule” and implementing

a new “Training Act” that became effective in 200dre big steps forward.



27
References

Acemoglu, D. and J.-S. Pischke (1998): Why do Fitrasm? Theory and Evidenc@uarterly Journal of
Economics113, 79-119.

Acemoglu, D. and J.-S. Pischke (1999a): Beyond BecKraining in Imperfect Labour Markets,
Economic Journall09, 112-142.

Acemoglu, D. and J.-S. Pischke (1999b): The Strecaf Wages and Investment in General Training,
Journal of Political Economy107, 539-572.

Arvanitis, S. (2005): Information Technology, Wolkpe Organization and the Demand for Labour of
Different Skills: Firm-level Evidence for the SwiEsonomy, in: H. Kriesi, P. Farago, M. Kohli and
M. Zarin-Nejadan (Ed¥ Contemporary Switzerland: Revisiting the Spediase, Palgrave
Macmillan, New York and Houndmills, pp. 135-162.

Arvanitis, S. (2008): Are Firm Innovativeness anidn~Age Relevant for the Supply of Vocational
Training? A Study Based on Swiss Micro Df&@)F Swiss Economic Instituté/orking Paper No.
198 ETH Zurich, Zurich.

Arvanitis, S. and T. Stucki (2008): Training Propey of Start-ups in Switzerland - A Study Based on
Data for the Start-up Cohort 1996-KQOF Swiss Economic Instityt&/orking Paper No. 19%€TH
Zurich, Zurich.

Autor, D.H., Levy, F. and R. Murnane (2003): ThallSRontent of Recent Technological Change: An
Empirical ExplorationQuarterly Journal of Economic$]13, 1169-1213.

Becker, G.S. (19643 uman Capital The University of Chicago Press, Chicago.

Beckmann, M. (2002): Lohnstrukturverzerrung undribbtiche Ausbildung. Empirische Analyse des
Acemoglu-Pischke-Modells mit Daten des IAB-Betrigdsels,Mitteilungen aus der Arbeitsmarkt-
und Berufsforschun@5s, 189-204.

Beckmann (2008): Wage Compression and Firm-spodsbn@ning in Germany: Empirical Evidence for
the Acemoglu-Pischke Model from a Zero-inflated @oData Model Applied Economics Quarterly
(Konjunkturpolitik) 48, 368-389.

Beicht, U., Walden, G. and H. Herget (200Kpsten und Nutzen der betrieblichen Berufsbildumg i
DeutschlandBertelsmann, Bielefeld.

Bocquet, R. and O. Brossard (2007): The Variety@i Adopters in the Intra-firm Diffusion Process:
Theoretical Arguments and Empirical Eviden&tuctural Change and Economic Dynamids,
409-437

Bresnahan, T.F. (1999): Computerisation and Wagepddsion: An Analytical Reinterpretation,
Economic Journal109, 390-415.

Bresnahan T.F., E. Brynjolfsson and L.M. Hitt (2RA&formation Technology, Workplace Organisation,
and the Demand for Skilled Labour: Firm-level Evide,Quarterly Journal of Economic412, 339-
376.

Burns, T. and G. Stalker (1994Jhe Management of Innovatio8® Edition, (first published in 1961),
Oxford University Press: Oxford.

Canada Statistics (1999nformation and Communications Technologies andcted@mic Commerce,
Survey Canada Statistics, Ottawa.

Caroli, E. (2001): New Technologies, OrganizatioGabnge and the Skill Bias: What do we Know? in:
P. Petit and L. Soete (EdsTechnology and the Future of European Employnteigar, Cheltenham,
pp. 259-292.

Cohen, W. (1995): Empirical Studies of Innovativetigity, in: P. Stoneman (ed.}jandbook of the
Economics of Innovation and Technological Changasil Blackwell, Oxford and Cambridge
(Mass.), pp. 182-264.

Dearden, L., Reed, H. and J. Van Reenen (2006):IMipact of Training on Productivity and Wages.
Evidence from British Panel Dat@xford Bulletin of Economic and Social Resea@$, 397-421.



28

Donzé, L. (2001): L'imputation des données mangemnta technique de l'imputation multiple, les
conséqguences sur I'analyse des données: I'enq@@&KOF/ETHZ sur l'innovationSchweizerische
Zeitschrift fur Volkswirtschaft und Statistik37, 301-317.

Dustmann, C. and U. Schonberg (2004): Training biéages|ZA Discussion Paperl435, Bonn.

Elbaum, B. and N. Singh (1995): The Economic Raierof Apprenticeship Training: Some Lessons
from British and U.S. Experiencilydustrial Relations34, 593-622.

EPOC (1997)New Forms of Work Organization. Can Europe Reatz®otential?Results of a Survey
of Direct Employee Participation in Europe, Eurap&aundation for the Improvement of Living and
Working Conditions, Dublin.

European Commission (2007)he European E-business Report, 2006/0@ Enterprise and Industry,
Luxembourg (http://www.ebusiness-watch.org/aboutthméology.htn).

Feingold, D. and K. Wagner (2002): Are ApprentidpsIStill Relevant in 21 Century? A Case Study of
Changing Youth Training Arrangements in German Balmdustrial and Labour Relations Review
55, 667-685.

Fougere, D. and W. Schwerdt (2002): Are ApprentiesiuctiveKonjunkturpolitik 48, 317-346.

Francois, J.-P., Favre, F. and N. Greenan (199@®yanizational Changes in Industrial Firms and
Computerization of Industrial EnterpriseSECD, Paris.

Franz, W. and D. Soskice (1995): The German Appreship System, in: F. Buttler, W. Franz, R.
Schettkat and D. Soskice (Eddnstitutional Frameworks and Labor Market Perforncan
Routledge, London, pp. 208-234.

Franz, W., Steiner, V. and V. Zimmermann (2000)e Dhetriebliche Ausbildungsbereitschaft im
technologischen und demographischen Wand&W Wirtschaftsanalysem6, Nomos, Baden-
Baden.

Gersbach, H. and A. Schmutzler (2006): A Productkdi Theory of Industry-Specific Training,
Socioeconomic Institute, Working Paper No. Q8l10iversity of Zurich Zurich.

Harhoff, D. and T. Kane (1997): Is the German Apficeship System a Panacea for the US Labor
Market?,Journal of Population Economic&0, 171-196.

Heckman, J.J. (1979): Sample Selection Bias asaif8@ation Error Econometrica47, 153-161.

Hollenstein, H., Sydow, N. and M. Worter (2003)Einsatz von Informations- und
Kommunikationstechnologien in den Schweizer Untenem. KOF/ETH-Panelumfrage 2002 mit
internationalen Vergleichemdrsg. vom Bundesamt fur Statistik (BFS), Neuchéatel.

Jones, I. and Hollenstein, H. (1983): Trainee Wagek Training Deficiencies: An Economic Analysis of
a “British Problem”,National Institute of Economic and Social ReseadliESR), Working Paper
No. 58 (Industry Series No. 12pndon.

Kessler, A.S. and C. Lilfesmann (2006): The ThedriAuman Capital Revisited: On the Interaction of
General and Specific InvestmerEg,onomic Journall16, 903-23.

Lindbeck, A. and D. Snower (2000): Multitask Leargiand the Reorganization of Work: From
Tayloristic to Holistic OrganizationJournal of Labor Economicsl8, 353-376.

Milgrom, P. and J. Roberts (1990): The EconomicMotlern Manufacturing: Technology, Strategy, and
OrganizationAmerican Economic Revie®0, 511-528.

Mohrenweiser, J. and U. Backes-Gellner (2006): ibgstishing Companies with Different
Apprenticeship Training Motivations — Evidence fr@derman Establishment Dat@wiss Leading
House, Economics of Education — Firm Behaviour afing Policies, Working Paper No. Zurich.

Mohrenweiser, J. and T. Zwick (2008): Why Do Firmigain Apprentices? The Net Cost Puzzle
ReconsideredZEW Discussion Paper No. 08-QMannheim.

Muhlemann, S. and S.C. Wolter (2007): Regional &fen Employer-Provided Training: Evidence from
Apprenticeship Training in Switzerlandlournal for Labour Market Research (Zeitschrift fir
Arbeitsmarktforschung}0, 135-148.



29

Mdller, B. and J. Schweri (2006Pie Entwicklung der betrieblichen Ausbildungsbesdiaft — Eine
Langsschnittsuntersuchung zur dualen Berufsbildumgder Schweiz Schriftenreine Nr. 31,
Schweizerisches Institut fur Berufspadagogik, Zolien.

Niederalt, M. (2004)Zur 6konomischen Analyse betrieblicher Lehrstellg@dote in der Bundesrepublik
DeutschlandPeter Lang, Frankfurt am Main.

Piva, M., Santarelli, E. and M. Vivarelli (2005):h& Skill Bias Effect of Technological and
Organisational Change: Evidence and Policy Impbeest Research Policy34, 141-157.

Ryan, P. (2001): The School-to-Work Transition: Ao§s-National Perspectivdpurnal of Economic
Literature, 39, 34-92.

Rubin, D.B. (1987)Multiple Imputation for Non-response in Surveyshn Wiley & Sons, New York.

Schweri, J., MUhlemann, S., Pescio, Y., Walther,\Bolter, S.C. and L. Zircher (200¥osten und
Nutzen der Lehrlingsausbildung aus der Sicht ScevddetriebeRuegger, Chur-Zurich.

Steedman, H. (2001): Benchmarking Apprenticeshil: &hd Continental Europe Comparddyndon
School of Economics, Centre for Economic Perforrag@EP), Discussion Paper No. 051®ndon.

Steedman, H. (2005): Apprenticeship in Europe: f@dir Flourishingdondon School of Economics,
Centre for Economic Performance (CEP), Discussiapd? No. 0710London.

Swiss Federal Statistical Office (2006gbenslanges Lernen und Weiterbildung. Bestandeahnfe der
internationalen Indikatoren und ausgewéhlte Reseltdeuchatel.

Swiss Federal Statistical Office (2008): SchilegmnSchuiler und Studierende 2006/@Tatistik der
Schiiler und StudierendgNeuchatel.

Vickery, G. and G. Wurzburg (1998Yhe Challenge of Measuring and Evaluating Orgamuetl
Change in Enterprise ©ECD, Paris.

Wolter, S.C. and J. Schweri (2002): The Cost andeBeof Apprenticeship Training: The Swiss Case,
Applied Economics Quarterly (Konjunkturpolitjldd, 347-367.

Wooldridge, J.M. (2002)Econometric Analysis of Cross Section and PanelaD@ahe MIT Press,
Cambridge, Massachusetts, London, England.

Zwick, T. (2007): Apprenticeship Training in Gernyan Investment or Productivity Driverddurnal for
Labour Market Research (Zeitschrift fir Arbeitsnéokschung) 40, 193-204.



30

Table 1: Training propensity and training intensity by sector and industry

“Training propensity’| “Training intensity”
(share of firms (average share of
providing apprentices in total
apprenticeship employment)
training) (reference: firms with
Industry / sector apprentices)
Food, beverage, tobacco 68.1 3.5
Textiles 74.5 4.9
Clothing, leather 66.7 5.8
Wood processing 82.4 6.9
Paper 77.8 4.6
Printing 83.2 6.9
Chemicals 68.5 3.8
Plastics, rubber 73.5 4.9
Glass, stone, clay 65.1 4.3
Metal 75.0 5.4
Metalworking 75.6 5.7
Machinery 77.3 7.5
Electrical machinery 78.9 6.2
Electronics, instruments 74.1 5.8
Watches 52.3 7.1
Vehicles 75.7 8.1
Other manufacturing 69.2 7.1
Energy 91.9 7.1
Manufacturing 74.4 6.0
Construction 88.2 8.7
Wholesale trade 75.6 8.7
Retail trade 76.4 9.8
Hotels, catering 76.4 10.2
Transport, telecommunication 64.6 4.7
Banks, insurance 71.9 55
Real estate, leasing 93.8 4.5
Computer services 66.2 5.2
Business services 69.8 8.5
Personal services 52.2 5.3
Services 72.2 7.9
Total 75.0 7.0
N 3401 2552
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Table 2: Training propensity and training intensity by firm size

Firm size

“Training propensity”

(share of firms providing
apprenticeship)

“Training intensity”

(average share of
apprentices in total
employment)
(reference: firms with

(number of employees) apprentices)
Less than 20 50.0 16.4
20-49 61.7 10.1
50-99 72.9 6.6
100-199 82.5 5.8
200-499 90.0 4.8
500-999 88.1 5.4
1000 and more 94.6 5.7
Total 75.0 7.0

N 3401 2552

Table 3: Training propensity and training intensity by region

“Training propensity’
(share of firms
providing
apprenticeship)

“Training intensity”

(average share of
apprentices in total
employment)
(reference: firms with

Region apprentices)
Lac Léman 68.3 6.0
Espace Midland 76.1 7.1
North-western Switzerland 74.7 6.7
Zurich 73.2 7.0
Eastern Switzerland 80.8 8.0
Central Switzerland 81.9 7.3
Ticino 64.1 5.1
Total 75.0 7.0

N 3401 2552
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Table 4: Training propensity and training intensity by year

“Training propensity’l “Training intensity”
(share of firms (average share of
providing apprentices in total
apprenticeship) employment)
(reference: firms with
Year apprentices)
2000 73.8 7.2
2005 76.2 6.8
Total 75.0 7.0
N 3401 2552

Table 5: Training vs. non-training firms: human capital, ICT and workplace organisation

Firms with
apprentices

Firms without
apprentices

Variables / indicators

Percentage of firms

Human capital

High participation at further training activities 34 56.1
High share of employees with university degree 50.1 47.9
High share of employees with a non-university &eytidegree 65.7 58.4
High share of employees with a medium-level vocetialegree 67.4 51.9
High share of employees with a low-level or no sl degree 67.4 51.9
ICT usage

Strong use of the Internet 49.4 47.3
Strong use of the intranet 46.1 37.9
High variety and complexity of Internet use 54.4 55
Workplace organisation

Number of hierarchical levels decreased 12.5 12.0
Degree of delegation of competencies increased 43.8 42.0
Teamwork is common 53.2 44.6
Job rotation is common 20.9 18.3
Delegation of competencies is common 41.8 41.5
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Table 6: Variable definition and measurement

Variable

Definition / measurement

Dependent variableg
TPR

Having at least one apprentice yes/no (traipnogensity)
Share of apprentices in total employment (trainimgnsity)

TIN . : )
(only firms having apprenticgs
LQL Value added per employee (full-time equivalentyaithm
Independent
variables
Human capital
LHIGH1 Share of employees with a university degeademics); logarithm
LHIGH2 Share of employees with a non-university tertiayel degree; logarithm
LHIGH12 Share of employees with all types of testilevel degrees; logarithm
LMED Share of employees with an intermediate level vonat degree (graduates
from apprenticeships or school-based vocationata&ihn); logarithm
Share of employees without or with a low-level viimaal degree (“Anlehre”);
LLOW .
logarithm
FTRAIN Share of employees participating at further trajrativities

Information and
communication
technology (ICT)

INTRA

INTER

Workplace
organisation

A_LEVEL

A_DECENTR

DECENTR

ROTATION

TEAM

Other explanatory
variables

LCL
LWL
SIZE

(ordinal variable: 0%; 1-10% 11-15%; 16-25%; 26-4%%% and more)

Share of employees regularly using the intranet
(dummy variables with 0% as reference group: 1-ZNdRA_1); 21-40%
(INTRA_2); 41-60% (INTRA_3); 61-80% (INTRA_4); 8100% (INTRA_5))

Variety and complexity of Internet applications

(mean ofeightdummies for different types of Internet usage)

1) general search for information; 2) detailed skdor market/price information; 3)
presentation of the firm; 4) supply of product imf@tion; 5) internal communication;
6) further training; 7) E-purchasing; 8) E-selling

Change of the number of hierarchical levels ingreceding five years
(decrease (value 1); increase or no change (va)ue 0)

Change of the degree of delegation of competeintig® preceding five year
(decrease or no change (value 0); increase (vgjue 1

Degree of decentralisation of competencies:

(mean ofseverordinal variables ranging from “line manager desidlone” up to
“employee decides alone”; 5-point scale)

1) speed of work, 2) procedures of work, 3) disttidin of tasks, 4) modality of the
execution of tasks, 5) problems in production,eéjular contact with clients, 7)
complaints of clients

Prevalence of job rotation
(six-level ordinal variable, ranging from “very hity(value 5) to “inexistent” (value 0)

Prevalence of team work
(six-level ordinal variable, ranging from “very hity(value 5) to “inexistent” (value 0)

Gross capital income per employee; logarithm
Labour costs per employee; logarithm
Dummy variables for six firm size classes lbase the number of employees

\°2




FOREIGN

Control variables

REG

IND

Y2005
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(reference group: “less than 20")

20-49 (SIZE_1); 50-99 (SIZE_2); 100-249 (SIZE_H0O299 (SIZE_4); 500-999
(SIZE_5); 1000 and more (SIZE_6):

Foreign-owned firm

yes (value 1), no (value 0)

Dummies for six regions
(reference region: Ticino):
Lac Léman (REG_1); Espace Midland (REG_2); Norttstemn Switzerland (REG_3);
Zurich (REG_4); Eastern Switzerland (REG_5); Cdr8raitzerland (REG_6)

Dummies for 27 industries
(reference industry: “personal services”)

Time dummy for the year 2005
(reference: year 2000)




Table 7: Estimates of the propensity and intensitpf apprenticeship training
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a

TPR TIN®
Explanatory Pooled Random effect | Heckman selectior
variables probit probit model
Constant 2.666** 2.831 49 .56***
(1.26) (2.37) (6.10)
LHIGH1 -0.00990 -0.0156 -0.162**
(0.017) (0.032) (0.081)
LHIGH2 0.0771*** 0.146*** 0.0525
(0.023) (0.043) (0.13)
LMED 0.300*** 0.539*** -0.123
(0.046) (0.091) (0.32)
LLOW -0.0355* -0.0498 /!
(0.020) (0.037) Il
FTRAIN 0.0259 0.0553 0.543***
(0.022) (0.042) (0.10)
INTRA 1 0.0598 0.130 -0.999**
(0.088) (0.16) (0.40)
INTRA 2 0.148 0.277 -0.0694
(0.095) (0.18) (0.44)
INTRA_3 0.267** 0.406** 0.0399
(0.10) (0.19) (0.47)
INTRA 4 0.211* 0.329 -0.581
(0.13) (0.24) (0.55)
INTRA 5 -0.0567 -0.0966 -0.491
(0.11) (0.21) (0.52)
INTER 0.365*** 0.639** 0.0532
(0.13) (0.26) (0.67)
A _LEVEL -0.0633 -0.157 0.776*
(0.087) (0.17) (0.40)
A DECENTR -0.0414 -0.138 -0.0434
(0.061) (0.12) (0.28)
DECENTR -0.179*** -0.333*** -0.0296
(0.045) (0.092) (0.24)
ROTATION 0.00217 -0.00122 -0.186
(0.025) (0.046) (0.11)
TEAM 0.0380** 0.0681* -0.0532
(0.019) (0.036) (0.091)
LCL -0.0361 -0.0655 -0.318**
(0.031) (0.057) (0.14)
LWL -0.297*** -0.373* -3.762***
(0.11) (0.20) (0.54)
SIZE 1 0.106 0.288 -5.358***
(0.19) (0.35) (1.09)
SIZE 2 0.564*** 1.148*** -7.487***
(0.19) (0.38) (1.15)
SIZE_3 0.923*** 1.803*** -7.723***
(0.20) (0.40) (1.22)
SIZE 4 1.380*** 2.669*** -7.828***
(0.22) (0.48) (1.36)
SIZE 5 1.301*** 2.472%* -7.450***
(0.25) (0.52) (1.40)
SIZE 6 1.705*** 3.342*** -6.126***
(0.28) (0.61) (1.52)
FOREIGN -0.420*** -0.776*** /!
(0.078) (0.17) Il
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Mills ratio 1 1 3.197*
1 I (1.51)
Y2005 0.104* 0.204* 0.652**
(0.061) (0.11) (0.28)
Region dummies yes yes yes
Industry dummies yes yes yes
N 2859 2859 2859
N censored 684
Pseudo R 0.171
Wald chf 426.86*** 104.60*** 914.07***
Rho 0.731
LR test of rho=0 86.25%**

& The significance of the parameters is indicatedh wit, ** and * resp. representing the 1%-,
5%- and 10%-level with standard errors in brackets.

® The variable FOREIGN is dropped to avoid biaseiireges (see Wooldridge, 2002). Variable
LLOW also is omitted because of multicollinearitythwother human capital variables (see
sub-section 5.3).
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Table 8: Estimates of labour productivity (incl. agorenticeship training as input factor)?

Explanatory LQ/L (IV regression) LQ/L (MLE)
variables Pooled Random effect Pooled Random effect Pooled
regressio regressio regressio regressio regressio
Constar 7.790%** 7.790*** 7.944x* 7.847%* 7.679%+*
(0.17) (0.12) (0.21) (0.13) (0.098)
TPR -0.583*** -0.583*** I 7 -0.342%**
(0.095) (0.084) (0.051)
TIN i I -0.0307*** -0.0228*** 1
(0.0068) (0.0024)
INTRA_1 0.00192 0.00192 -0.0350** -0.0223 -0.00126
(0.019) (0.018) (0.018) (0.016) (0.015)
INTRA_2 0.0338* 0.0338* -0.00145 0.00645 0.0261
(0.019) (0.020) (0.017) (0.017) (0.016)
INTRA_3 0.0581*** 0.0581*** 0.0216 0.0184 0.0433**
(0.021) (0.022) (0.018) (0.018) (0.018)
INTRA 4 0.0737*** 0.0737*** 0.00942 0.0150 0.0614***
(0.024) (0.026) (0.022) (0.021) (0.021)
INTRA_5 0.0754*** 0.0754*** 0.0674** 0.0591 *** 0.0834***
(0.026) (0.024) (0.032) (0.021) (0.019)
INTER 0.0657** 0.0657** -0.0185 -0.0377 0.0388
(0.032) (0.031) (0.030) (0.026) (0.024)
A_LEVEL 0.0136 0.0136 0.0513** 0.0336** 0.0182
(0.019) (0.019) (0.021) (0.016) (0.015)
A_DECENTR -0.0186 -0.0186 -0.0197* -0.0186* -0.0168
(0.013) (0.013) (0.012) (0.011) (0.011)
DECENTR 0.000273 0.000273 0.0265*** 0.0284*** 0.0115
(0.010) (0.010) (0.0089) (0.0086) (0.0082)
ROTATION -0.00822* -0.00822 -0.0129*** -0.0109** -0.00745*
(0.0050) (0.0052) (0.0044) (0.0046) (0.0042)
TEAM 0.0113*** 0.0113*** 0.00478 0.0115*** 0.00916***
(0.0043) (0.0041) (0.0040) (0.0036) (0.0033)
LCL 0.362*** 0.362*** 0.352%** 0.356*** 0.364***
(0.013) (0.0065) (0.015) (0.0058) (0.0053)
LHIGH12 0.0236*** 0.0236*** 0.0116 0.0112** 0.0173***
(0.0058) (0.0054) (0.0080) (0.0053) (0.0042)
FTRAIN 0.0106** 0.0106** 0.0136*** 0.00770* 0.00810**
(0.0050) (0.0047) (0.0051) (0.0042) (0.0038)
FOREIGN -0.0133 -0.0133 0.0293* 0.0362** 0.0158
(0.022) (0.020) (0.017) (0.018) (0.015)
Y2005 0.0484*** 0.0484*** 0.0377*** 0.0327*** 0.0419***
(0.013) (0.013) (0.012) (0.0095) (0.010)
Firm size dummie yes yes yes yes Yes
Region dummies yes yes yes yes Yes
Industry dummies yes yes yes yes Yes
N 285¢ 285¢ 2175 2175 285¢
F 48.26*** 54 .67***
Root MSE 0.3165 0.2656
R? adj. 0.526 0.643
Overall R 0.583 0.709
Wald chf 4496.62*** 5204.50% 7162.30%+*
Rho 0 0.641
Hazard ratio 0.188***

& The significance of the parameters is indicatedh wit, ** and * resp. representing the 1%-, 5%- ah@%:-level
with standard errors in brackets.
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Table Al: Composition of the data set by industryfirm size, region and year

N Percentage of firms
Industry / sector
Food, beverage, tobacco 149 4.3
Textiles 53 1.5
Clothing, leather 24 0.7
Wood processing 52 15
Paper 54 15
Printing 112 3.2
Chemicals 127 3.6
Plastics, rubber 70 2.0
Glass, stone, clay 64 1.8
Metal 45 1.3
Metalworking 234 6.7
Machinery 309 8.9
Electrical machinery 91 2.6
Electronics, instruments 179 5.1
Watches 66 1.9
Vehicles 38 1.1
Other manufacturing 66 1.9
Energy 63 1.8
Manufacturing 1796 51.4
Construction 377 10.8
Wholesale trade 312 8.9
Retail trade 214 6.1
Hotels, catering 132 3.8
Transport, telecommunication 179 51
Banks, insurance 150 4.3
Real estate, leasing, computer services 17 0.5
Computer services 66 19
Business services 225 6.4
Personal services 23 0.7
Services 1318 37.8
Firm Size (number of employees)
Less than 20 84 2.4
20-49 1001 28.7
50-99 845 24.2
100-199 873 25.0
200-499 366 10.5
500-999 166 4.8
1000 and more 156 4.5
Region
Lac Léman 433 12.4
Espace Midland 761 21.8
North-western Switzerland 536 154
Zurich 708 20.3
Eastern Switzerland 583 16.7
Central Switzerland 309 8.9
Ticino 161 4.6
Year
2000 1688 48.4
2005 1803 51.6
N 3491 100.0




Table A2: Descriptive statistics
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Standard
Variable Mean Deviation Minimum Maximum
Dependent variables
TPR 0.7504 0.4329 0 1
TIN 6.9992 6.5252 1 100
LQL 11.8804 0.4706 10.8223 13.8085
Independent variables
LHIGH1 0.0030 2.0459 -2.3026 4.6052
LHIGH2 2.0382 1.3969 -2.3026 4.6052
LHIGH12 2.3621 1.3660 -2.3026 4.6052
LMED 3.6516 0.8321 -2.3026 4.6052
LLOW 2.5188 1.9269 -2.3026 4.6052
FTRAIN 3.9722 1.4267 1 6
INTRA 1 0.1502 0.3573 0 1
INTRA 2 0.1225 0.3280 0 1
INTRA 3 0.1050 0.3065 0 1
INTRA 4 0.0776 0.2675 0 1
INTRA 5 0.1335 0.3402 0 1
INTER 0.5477 0.2321 0 1
A LEVEL 0.1232 0.3287 0 1
A DECENTR 0.4361 0.4960 0 1
DECENTR 2.3752 0.6869 1 5
ROTATION 0.5535 1.1863 0 5
TEAM 2.1613 1.6670 0 5
LCL 10.8559 0.9818 3.8670 13.7418
LWL 11.2816 0.3299 10.0958 12.1873
FOREIGN 0.1610 0.3676 0 1




Table A3: Correlation matrix: independent variables

Variable INTRA INTRA INTRA INTRA INTRA A A_
1 2 3 4 5 INTER LEVEL DECENTR TEAM ROTATION DECENTR FTRAIN LHIGH1 LHIGH2 LHIGH12 LMED LLOW LCL LWL

INTRA_2 -0.17 100

INTRA_3 016 -015  1.00

INTRA_4 013 012 011  1.00

INTRA_5 016 015 -0.14 012 100

INTER 001 002 006 010 022  1.00

ALLEVEL | 002 005 005 003 -001 007  1.00

A_DECENTR| -0.02 004 004 004 -00L 010 021 1.00

TEAM 001 004 004 009 017 022  0.08 0.19 1.00

ROTATION | 001 001 005 000 000 010  0.07 013 170.  1.00

DECENTR | -005 000 007 011 015 016 0.5 017 180. 0.2 1.00

FTRAIN 006 -003 008 009 019 014  0.08 016 220.  0.10 0.19 1.00

LHIGH1 009 002 006 013 027 019  0.07 002 202 001 0.17 018  1.00

LHIGH2 006 000 005 009 014 009 0.6 005 301 0.02 0.3 014 026  1.00

LHIGH12 008 000 006 012 022 014  0.06 005 180. 0.2 0.16 019 052  0.90 1.00

LMED 003 000 005 005 000 007 -004  -0.02 0. -0.05 0.07 010  -012 005  -0.09  1.00 3

LLOW 012 010 -001 007 -027 -0.08 0.2 005 .040 005 -0.17 021  -016 022  -028 031 100

LcL 005 004 004 005 010 010  0.04 0.05 010 .040 0.11 010 012 004 006 003 -0.04  1.00

LwL 010 000 009 011 024 013 004  -0.04 016 -0.03 0.14 016 027 024 029 006 -021 008  1p0

FOREIGN | -003 001 009 003 013 008  0.02 002 110 001 011 008 013 0.0 010 001  -0.04  0.10.5




