The Impact of Continuous Training on a Firm’s
Innovations

Abstract

Keeping up with rapid technological change necatstconstant innovation. Successful
innovation depends on both incumbent workers’ kmolge, based on experience, and
knowledge about the latest technologies, along thighskills needed to implement them.
Both of these knowledge-based elements of innowvatam be attained through moderate
labor force turnover in combination with continuawgining. Based on German micro
data, we find empirical evidence in support ofrtirag leading to innovation within a
multivariate regression framework. However, wherstrmimenting training by the
existence of a union’s contract or a works couthil impact disappears.
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1. Introduction

In the contemporary knowledge-based society, tbdymtion of new knowledge has usurped
the place of traditional production, which is basedlabor and capital. Romer (1986), in
looking for an explanation for ongoing and endogengrowth, was the first to formalize the
idea that an existing knowledge stock providedtdmss for further knowledge production and
thus innovation, or, in other words, today's reskars “stand on the shoulders” of
predecessor researchers. Increasingly intense ¢ibimpedue to globalization, along with
rapid technological change make constant innovatienonly way to stay competitive. This
holds at both the national level (Aghiehal. 2005) as well as at the firm level. Aghienal.
(2006) present a model where incumbent firms willaddannovate on a regular basis are in
danger of being evicted from the market by newyemtccordingly, incumbents have to “use
innovation as the main battle weapon with whichytpeotect themselves from competitors
and with which they seek to beat those competdats (Baumol 2002, p. 2). We extend this
idea by arguing that if innovation is the weapodueation and, especially, training are the

ammunition that render it useful and effective.

Our argument is grounded in Becker’'s (1964) fundaaletheory on training and takes into
consideration extensions of that theory by Acemoghad Pischke (1999). All of these
previous approaches have one thing in common: #&ssyme an environment where price
competition determines the incentive to investraining. If the firm can appropriate parts of
the future rent that results from a worker’s inesesh productivity, it will invest in procuring
that productivity. However, according to Schump€t942), price competition is only one
part of the story of rent distribution. Another amdportant part has to do with how these
rents are created in the first place and to unaedsthis, one must take into consideration the

entire innovation “lifecycle’—from the birth of aew idea to its commercialization.



We argue that innovation is the only way to preventry and/or beat out the competitors
(Aghion et al. 2006). Incumbents must innovate in order to statha leading edge of the
technology frontier, which is where market leadsas expect monopoly (or oligopoly) rents
as a way of reimbursing them for the R&D and tmagncosts that made their advantage
possible. However, fierce competition at the tedbgy frontier means that small weaknesses
and failures can be a matter of life and deathjtiatson that inhibits incumbents from
undertaking risky and adventuresome innovatiortebd they rely onoutinizedinnovations,
which do not come out of thin air. Rather, theyampass building on existing but still fairly
recent knowledge and further improving and extegdin(Baumol 2002a). Eventually, the
routinization of innovation results in a firm-inted knowledge stock comprised of both
knowledge gleaned from former experience (as endabdh the workershnd the latest
technological knowledge and skills. However, suclalmable knowledge stock can only be
achieved by means of moderate turnover in the l&dree along with continuous training so
that skills will be commensurate with the latestht@logy. Accordingly, we assume that
firms operating successfully at the technology fiemand innovating constantly must rely on

continuous training, that is, training is a necegsandition for successful innovation.

To test this hypothesis empirically, we employ Gannmicro-level panel data provided by
the Institute for Employment Researdhstitut fur Arbeitsmarkt- und Berufsforschynin a
multivariate regression framework, we find evidersmnsistent with the hypothesis that
continuous training has a positive effect on a ‘Srrability to innovate. However, when
instrumenting training by the existence of a untomtract and a works council the positive

effect of continuous training on a firm’s innovatgdisappears.

The remainder of the paper is organized as folloBection 2 focuses on our idea that
escaping competition by way of innovation is a sbuxplanation for firm-sponsored

training. Section 3 introduces our empirical metHodtesting the hypothesis that training



influences innovation; Section 4 describes our;data Section 5 presents the findings. We

draw conclusions in Section 6, along with a fewasléor further research.

2. Training and Innovation

In his fundamental works on human capital, Beck&64) emphasizes the importance of on-
the-job training to a person’s productivity ovee thfetime. He argues that firms will only
invest in specific training if they can appropri#tte future rent of training. Motivated by first
empirical findings by Steedmann (1993) and also ei§gar (1993) and Autor (2001),
Acemoglu and Pischke (1999) extend Becker’s argtatienm and argue that noncompetitive
labor markets, in combination with a compressed evatyucture, can also provide an
incentive for firm-sponsored general training bessadirms can appropriate parts of the
expected rent.Both arguments appear to concentrate on the apabilty of future rents
from the workers’ increased productivity by emplayia model of price competition in which
firms compete over the future distribution of aagivie. However, according to Schumpeter
(1942, p. 85), “it is not the kind of [price] contg®mn which counts but the competition for
the new commodity, the new technology, the new awf supply, the new type of
organization (the largest-scale unit of control iftstance)—competition which commands a
decisive cost or quality advantage and which sériket at the margins of the profits and the
outputs of the existing firms, but at their foundas and at their very lives.” Against this
background, price competition is only one chaptethe story of the distribution of expected
rents from training. How the rents are createchim first place is another important chapter,

and to understand it, it is necessary to consluirtnovation process, a process that involves

! Possible explanations for a compressed wage staugiclude transaction costs, such as search aching
fictions (Mortensen 1982; Diamond 1982); asymmeimniormation about the worker's true level of triaig
(Katz and Zidermann 1990; Chang and Wang 1996)nawmtric information about an applicant's—particiyar
a young applicant without a comprehensive work meemotivation to apply for a new job (Is the applit one
of low ability who has been fired from a previowbjor is he or she an underpaid high-ability waoPlker
(Acemoglu and Pischke 1998a); complementaritiesden the training of specific and general skills€foglu
and Pischke 1998b); and given labor market ingitist such as minimum wages or labor unions (Acemagt
Pischke 1998b, 1998b, 2003; Freeman and Medoff)1984



the necessity of continuous investment in knowleggeduction and hence training for

effective competition in the marketplace.

We extend this idea by arguing that training ermablerkers to experiment with the latest
technologies in such a way that something new ested. Initially, this contributes to the
firm's overall knowledge stock. A firm’'s knowledg&tock, in turn, is the basis for the
production of new knowledge and, eventually, therennnovation process—from the birth

of a new idea to its commercialization as a noveddpct or procedure. The general
importance of constant innovation is described Ighidn et al. (2006) in a model where

technologically advanced entry creates a competignvironment that forces incumbents to
innovate constantly. In this environment, each ok entrant arrives with leading-edge
technology. If the incumbent is less technologicativanced, the entrant will replace the
incumbent. If the incumbent is also employing legdedge technology, it can use its
reputation advantage and block entry. In short,irmumbent who is approaching the
development of leading-edge technology has a stimcentive to innovate and to keep pace
with technological progress as doing so can prewsty of competitors. However, an

incumbent whose technology is out of date—regasdtésvhether it innovates—will find it

difficult to keep pace with technological progressl, presumably, will not be able to prevent
entry of leading-edge competitors. Consequentlynanmbent who lags considerably behind
the times in terms of technology is discouragedfionovating and will be forced out of the
market. The main implication of this model is thihé threat of technologically advanced
entry (escape-entry effect) or of competition indigopolistic market (escape-competition
effect) encourages innovation by incumbents who @ready in place at the technology
frontier (Aghionet al. 2001, 2005). Innovation is the incumbent’s weapgainst entry and

competition; training is the ammunition.



Taking a closer look at the innovation processlfitd®gaumol (2002) points out that in a
competitive environment where firms do not dare rédax their innovative activities,
innovation has to become a routinized processhénptrocess, “business firms systematically
determine the amounts they will invest in the R&dgess ..., who and how many will be
employed for the purpose and even select whatthas the company’s laboratories should
invent. In sum, competition makes it too risky foms to depend primarily for their new
products and processes on the unpredictable eféérisdependent inventors. Instead they
have changed much of the economy’s R&D into anriate bureaucratically controlled
process” (2002, p.2). In this situation, incumbénins are likely to rely on their existing
knowledge stock as the basis for further improvemand extensions. However, the firm’s
knowledge stock is comprised of more than just feediiknowledge, i.e., patents and how-to
manuals. An equally, if not more so, important comgnt of the knowledge stock is tacit
knowledge, i.e., know-how and know-who (Lundvaldalohnson 1994). Know-how, which
is gained from former experience, and know-who, clvharises from social contacts, are
“sticky” types of knowledge, meaning that they éstuck” to the person in possession and
cannot be created artificially or bought by emphaynew workers. This type of knowledge is
the product of an evolutionary process in whicheagues have worked together in teams and
know about the strengths and weaknesses of eaeh, dfading to complementarities that
raise productivity per se. Furthermore, previougegience with development processes and
related problems can be relied on to avoid diftiesl in further exploitation of the existing

knowledge stock (see Nelson and Winter 1982).

Thus, high turnover in the workforce is likely tesdroy the social ties that can increase
productivity. However, according to Granovetter {2} closed networks have their dangers,
too, including the risk of inflexibility and decrigégstructures that can result from a lack of
“new blood.” In this context, training, along withoderate labor force turnover, provides a

simple way to collect new knowledge and thus preweftexibility and blindness that are



inherent in decrepit structures, both of whichraggor obstacles to innovation. We thus argue
that a sustainable company’s decision to investaiming does not depend on whether it can
recoup training costs by paying noncompetitive vgagied/or instituting a compressed wage
structure. Rather, firms have an incentive to paleast competitive wages to preserve the
tacit part of their knowledge stock and, at the esdime, they have an incentive to invest in
training as a way to extend the codified part & kmowledge stock and keep up with the
latest technological changes and requirements. nGae incumbent firm’s reliance on

experience, continuous training of the routinizedrkiorce is a necessary investment to
steadily refresh the firm’s knowledge stock that,turn will provide the basis for further

innovation.

In the following sections, we empirically test thgpothesis that continuous training has a

significant impact on a firm’s innovative abilityd thus its competitiveness.

3. Method

To test the hypothesis of whether continuous tngirsupports firm innovations, we define a
binary variable, continuous training, that takes tralue 1 if a firm regularly trains its
employees and 0 otherwise; the variable for innowat also binary and takes the value 1 if

a firm was innovative in a specific year and O othse.

To reduce potential problems of endogeneity inmodel, we use a twofold strategy: First,
we lag the training variable and do not considaintng at a single year but instead we focus
on the continuity in training, i.e. on those esktbhents that trained their employees
continuously during the whole period of observatidhis strategy helps us to reduce the
problem of reverse causality, i.e. a firm trainésl @mployees because of an innovation
requiring new skills of the firm’s workforce. Howewn this strategy will not help us to

overcome the problem of reverse causality in thee @ a firm that continuously innovates.



To control for the latter case we add the laggeswation variable in our estimation model.
The effects of continuous training on the firm'spensity to innovate (INNO) are estimated
in a probit model while controlling for specificriin-level and industry-level characteristics

with e; as an error term.

INNO: | (1| continuoudraining firm level andindustrylevelcharactesgtics q) (2)

Angrist (2001) suggests to use simple linear idieation strategies when estimating causal
effects even though the dependent variable is adOrimy variable. Therefore, we
additionally use a linear probability regressioregiimate the effects of continuous training
on a firm's propensity to innovate while contrajifor firm-level and industry-level

characteristics.

Although we control for a lot of firm-level and iostry-level characteristics in our
multivariate regression framework, we still worrpoat an omitted variable bias. An
instrumental variable approach where continuousitrg is instrumented by variables that
can explain training but do not correlate with #reor term of the innovation equation could
help us to overcome this problem. In the instrurmlewariable approach, we focus on the
variation in continuous training activities indudeylthe instruments and analyze whether this

variation can explain a firm's propensity to inneva

When looking at the determinants of training, wadfitwo variables that seem to be
interesting instruments, namely the existence wfian contract and the existence of a works
council. It has been found in empirical studiest tfese institutions do not have a direct
impact on innovation (cf. Schnabel and Wagner 19%ddison et al. 2004) but heavily

determine a firm’s decision to train (Bellmann abeber 2005; Neubaumer and Kohaut



2008)? Therefore, union contracts and work councils miigtfiuence a firm's innovative
ability indirectly by encouraging training actives. When reading through various German
union contracts, one notices that the vast majasftthese contracts include sections on
qualification and training of employees (Bispind®0B). Unfortunately, these regulations and
recommendations are so diverse and different fraoh ether that it is not possible to make
them comparable by categorization. Concerning thpact of work councils on training,
88 96-98 of the German Works Council Constitutioat ABetriebsverfassungsgesegive
information that work councils are legally entitléal foster and take part in the decision
making process on training activities of the empks, Thus, the existence of union contracts
and works councils might have a positive impactadirm's innovative activities simply by
encouraging training of the employees. To analyzis tine of causality, we use an
instrumental variable approach, where continuaaisitrg is instrumented by the existence of
a union contract and a works council. Doing thig fecus on the variation in continuous
training activities induced by the existence ofsthanstitutions and analyze whether this

variation can explain a firm's propensity to innteva

Both the continuous training and the innovationialale are binary variables. Therefore, we
would use nonlinear probit models to analyze thterd@nants of a firm's propensity to
innovate and to train continuously. Thus, contirstnaining is the independent variable of
the innovation probit model and the dependent b&iaf the second probit model, i.e.
continuous training is endogenized in this systérequations. However, nonlinear models
cannot be solved in a two-stage instrumental veriflamework. A feasible way to handle

this problem is a recursive bivariate probit modelere the error terms of the two probit

2 Addison (2005) gives an overview over the empiticerature on the impact of works councils on fBan
firm performance and shows that most of the stuliiess on productivity effects, either in termssafes or
value added. Some studies find that works countfiisence training/innovative work practices andrigby
have an indirect impact on productivity. Howevétld is said about the direct or indirect impattmrks
councils on a firm's product innovations.



models are allowed to be correlated (Evans and 8cii®95). In this seemingly unrelated
bivariate probit model the probit equations on rirag and innovation are estimated

simultaneously.

INNO: | (1| continuougraining firm levelandindustrylevelcharactestics q) (2)

CONTRAINI (]4 unioncontractworkscouncilfirm Ievelandndustryevelcharactesticsg)
3)

Ele]=Ele,] = 0;valg ] vale2] cofe, e,]= o (4)

Following Angrist (2001), we alternatively estimada ordinary instrumental variable two-
stage least squares regression (i.e. a linear Ipitipanodel), where innovation is used as a
dependent variable and the regressor, continuausrtg, is instrumented by the existence of

a union contract and a works council.

4. Data

Information on innovative activities, continuousaifing and additional firm-level
characteristics is generated from the IAB estabieht panel (Betriebspanel), waves 1997—
2001. Data access was provided via on-site usheaResearch Data Centre (FDZ) of the
German Federal Employment Agency (BA) at the latifor Employment Research (IAB)
and/or remote data access. For a detailed desxripfithis data source see Bellmann (2002).
Access to the data was granted during a researabdpat the Research Data Centre of the
Federal Employment Agency at the Institute for Eoypient Research (FDZ) and via
controlled data teleprocessing at the FDZ. As thea establishment panel implies, the
establishment, and not the company, constitutesiniteof measurement. Thus, we have two

categories of entities: firm headquarters and slidrses. Both are treated equally in the



following analysis. Businesses contained in thenter Social Insurance Statistics form the
population of the IAB establishment panel. The besses are selected according to the
principle of optimum stratification of the randorangple. Because the stratification cells are
defined by business size categories and industhiese dimensions must later be included in
the econometric estimations to ensure represeataéisults. The establishment panel data
comprise the results of annual surveys of busirseisat have been carried out in West
Germany since 1993 and in East Germany since I986annual surveys cover questions on
a series of firm characteristics. Additional conxgle of questions dealing with special topics,
such as working time flexibility, elder employees, innovative activities, are included in

selected annual catalogues.

To analyze the impact of continuous training omr@’s ability to innovate, we use data for

the period 1997-2001. Only those businesses tisateard the questionnaire in every year of
this period are included in our dataset. Furtheentine whole public sector is excluded,
resulting in a balanced panel of 3,198 private@ebtisinesses for the period 1997-2001.

This represents a uniquely rich source of datafwranalysis.

The panel data are transformed into cross-secta by defining variables that span more
than one year. Information on innovative activitiesvailable for the years 1998 and 2001.
In these years, the firms were asked whether th#yoduced a completely new

product/service during the past two years, whethey newly adopted a product/service, or
whether they enhanced an existing product/ser8tectly speaking, only the answer to the
first question (introduction of a completely newoguct/service) can be called a true
innovation. However, for our analysis, innovatiennmore broadly defined and the variable
innovationis given a value of 1 if a firm carried out anytbé above-mentioned innovative

activities; 0 otherwise. Since firms are likelyrly on their existing knowledge stock as a



basis for further improvements and extensions, itffiermation on whether a firm was

innovative in 1998 is expected to be an importatédninant of innovative ability in 2001.

Information on training is drawn from the 1997, 29@nd 2000 surveys. The interviewed
firms were asked whether or not training for themployees was encouraged either by
(partly) financing the training or by releasing #maployees from work. The question referred
to the first half of every year. If a firm promotégining,tr, in all the yearg, the variable

CONTRAIN(i.e., continuous training) takes the value 1eothse it is O.

1 if tr, =1 forallt, witht ={19971999,200%

CONTRAIN= ]
0 otherwise

Information on various firm-level characteristissavailable from the establishment panel and
is introduced in our model in the form of contrariables. The number of employees is used
to capture firm-size effects. More specifically, fln-size classes were generated according
to the average number of employees in the peri@¥42000. Then, the logarithm of this
categorical variable was taken to create the fiza-sariable used in the model. Thus, the
subproportional path of the logarithmic functiomdae maintained for more establishments,
with the last firm-size class including all estahlnents with 2,000 or more employees.
Further characteristics of a firm’s employment stinwe include the average fraction of skilled
employees, the average fraction of unskilled emgésy and the average fraction of part-time
employees, again for the period 1997-2000. Furtbe¥mthe variabldabor turnoveris
generated to measure employment fluctuations afiriimelevel. Following Neubaeumer and

Kohaut (2008), we define labor turnovkyr,as:

2000

> 05*(ng +de)
|t = 151997
2000 !

.28

t=1997




whereng is the number of new employees in yealg is the number of dismissed employees
in t, andae is the number of all employees in yéaMoreover, several dummy variables are
introduced to inform about other firm charactedstiAmong them are variables that take on
the value 1 if the firm invested in information amdmmunication technologies or in
production technologies in at least one year betwE¥7 and 2000; otherwise 0. Another
binary variable encodes information on whetherma findertook any organizational changes
in 1998; the question on reorganization activitiems not included in the 1997 catalogue.
Firms with their own research and development departs might be more innovative and
offer more training than other firms, all other tfars being equal, and we thus introduce a
research and development dummy that takes the \valiiethe establishment itself or an
affiliate had a research and development departnmerd998. The technical condition of
firm’s machines is also captured by a dummy vaeahiith a value of 1 if the machines were
considered cutting-edge or modern, and O if theyewsnsidered middle-aged or old, in
1997. The variablenion contractwas originally meant to take the value 1 if a fihad a
labor agreements with unions from 1997 until 200idh firms not continuously tied to union
contracts as a reference group. However, NeubaeantiKohaut (2008) note that in this
establishment panel, a skip in the dummy variablen contractover the years almost
exclusively appears temporary, at least for theogefrom 2001-2005. Therefore, they
suggest transforming this variable when using itaasariable that spans several years.
Consequently, our union contract variable takethervalue 1 if the establishment was tied to
a union contract for at least three years betw®&7 And 2000. Information on the existence
of works councils is not available for all estabiigents during the whole period of
observation; however, these data are availabléh®ryears 1998 and 2000. We took data
from these two years to create a variable thaitvisngthe value 1 if a works council existed in

both years and O otherwise. A final firm-level duypneariable is used to capture the age of



the firm and is 0 if the firm was established bef@®90 and 1 if it was established in 1990 or

later.

To capture time-invariant industry-level effectadustry dummy variables distinguishing
between 23 private-sector industries are introduc¢adthermore, a West/East Germany
dummy, as well as the logarithm of the ratio empky/ versus whole population of an
administrative district (GermaKreis), are used to represent specific regional effaats,

agglomeration economies. The regional employmetat aiee derived from the German Social
Insurance Statistics and were merged with the ksiatent panel. A detailed description of
the structure of establishments contained in ouregeed dataset, e.g., distribution of the
firms over the private-sector industries or oveg firm-size classes, can be found in the

Appendix.

Table 1 provides statistics on continuous trairang innovative activities by industries. The
propensity to continuously train employees variesoss the industries. It appears to be
common practice foenergy/mining/water supplhemical industry/petroleum processing
shipbuilding/aircraft constructionandcredit institutionsto train their employees; however,
only a few firms in agriculture/forestry wood working building industry or
restaurants/accommodation servicemngage in continuous training. Industry-specific
differences are also apparent when it comes to vaine activities. Chemical
industry/petroleum  processing plastics/rubber industry electrical engineering/data
processing machingsand shipbuilding/aircraft constructionare the most innovative.
Agriculture/forestry  the  building industry  real estate services and

restaurants/accommodation servicgeem to be rather conservative in this regard.



Table 1: Continuoustraining and innovative activities acrossindustries

incl"g”gt;“’”fg'gsgt:‘:;'r;%oo Innovation 1999-2001
No Yes Total No Yes Total
Agriculture and forestry 131 25 156 133 23 156
83.97 16.03 100.00 85.26 14.74 100.00
Energy, mining, water supply 12 71 83 55 23 78
14.46 85.54 100.00 70.51 29.49 100.00
Chemical industry, petroleum processing 7 43 50 12 39 51
14.00 86.00 100.00 23.53 76.47 100.00
Plastics, rubber industry 16 12 28 / 26 /
57.14 42.86 100.00 / / 100.00
Earths, stones and fine ceramics industry 37 26 63 25 38 63
58.73 41.27 100.00 39.68 60.32 100.00
Iron, steel and metal industry 37 58 95 37 59 96
38.95 61.05 100.00 38.54 61.46 100.00
(Light) Metal construction 71 110 181 57 125 182
39.23 60.77 100.00 31.32 68.68 100.00
Electrical engineering, data processing machines 40 77 117 26 90 116
34.19 65.81 100.00 22.41 77.59 100.00
Road vehicle manufacturing, garages 28 62 90 45 44 89
31.11 68.89 100.00 50.56 49.44 100.00
Shipbuilding, aircraft construction / 11 / 0 11 11
/ / 100.00 0.00 100.00 100.00
Fine mechanics, toys industry 32 32 64 18 46 64
50.00 50.00 100.00 28.13 71.88 100.00
Wood working 59 10 69 42 27 69
85.51 14.49 100.00 60.87 39.13 100.00
Paper and printing industry 27 20 47 29 18 47
57.45 42.55 100.00 61.70 38.30 100.00
Textile industry 29 19 48 20 26 46
60.42 39.58 100.00 43.48 56.52 100.00
Food, beverages and tobacco industry 73 49 122 58 62 120
59.84 40.16 100.00 48.33 51.67 100.00
Building industry 318 109 427 329 95 424
74.47 25.53 100.00 77.59 22.41 100.00
Trade 359 193 552 362 181 543
65.04 34.96 100.00 66.67 33.33 100.00
Communications and information transmission 87 85 172 115 57 172
50.58 49.42 100.00 66.86 33.14 100.00
Credit institutions 6 92 98 28 70 98
6.12 93.88 100.00 28.57 71.43 100.00
Insurance industry 18 30 48 17 31 48
37.50 62.50 100.00 35.42 64.58 100.00
Real estate services 32 30 62 46 16 62
51.61 48.39 100.00 74.19 25.81 100.00
Restaurants, accomodation services 144 22 166 127 40 167
86.75 13.25 100.00 76.05 23.95 100.00
Other Services 267 174 441 288 148 436
60.54 39.46 100.00 66.06 33.94 100.00

Note: / signifies anonymized data
Concerning the impact of continuous training oniren’s innovative activities, a simple
computation of the relative frequency suggests ft@ttinuous training of employees

positively influences innovation activity.



Table 2: Crosstables on continuous training and innovations acr 0ss size classes

Avg no. of Continuous Innovation 1999-2001
employees training No Yes Total
Total No 1,315 500 1,815
72.45 27.55 100.00
Yes 552 792 1,344
41.07 58.93 100.00
Total 1,867 1,292 3,159
59.10 40.90 100.00
1-4 No 80.31 19.69 100.00
Yes 75.00 25.00 100.00
Total 79.87 20.13 100.00
5-9 No 75.95 24.05 100.00
Yes 56.38 43.62 100.00
Total 71.98 28.02 100.00
10-24 No 71.79 28.21 100.00
Yes 54.81 45.19 100.00
Total 67.14 32.86 100.00
25-49 No 60.18 39.82 100.00
Yes 53.19 46.81 100.00
Total 57.46 42.54 100.00
50-99 No 61.49 38.51 100.00
Yes 46.06 53.94 100.00
Total 53.35 46.65 100.00
100-249 No 60.00 40.00 100.00
Yes 42.37 57.63 100.00
Total 47.43 52.57 100.00
250-499 No 69.70 30.30 100.00
Yes 34.59 65.41 100.00
Total 39.91 60.09 100.00
500-999 No 81.82 18.18 100.00
Yes 31.20 68.80 100.00
Total 35.29 64.71 100.00
1000-1999 No 75.00 25.00 100.00
Yes 17.14 82.86 100.00
Total 18.75 81.25 100.00
2000 and more No 0.00 100.00 100.00
Yes 11.27 88.73 100.00
Total 11.11 88.89 100.00

Table 2 shows that those establishments that aonisly trained their employees during the
period 1997-2000 exhibited more innovative acegtirom 1999 to 2001. While only 28
percent of the establishments that did not contislyotrain reported innovative activities,

this number more than doubles and rises to 59 peréar the establishments that



continuously train their employees. Even acrosssithgle firm-size classes, this correlation is
confirmed, with the exception of the very big etisiments. In this category, one firm did
not train its employees but was an innovator, texylin a 100 percent innovator rate among

the firms that do not train continuously in thi®gp.

5. Results

We estimate a nonlinear probit regression andeatiprobability regression with innovation
as a dependent variable that signifies whetherfithe undertook any kind of innovative
activity between 1999 and 2001. As the main regresSinterest we use continuous training

in 1997, 1999, and 2000. All models in this secaom estimated using robust standard errors.

Column 1 of Table 3 presents the results of théipraodel. We find a positive influence of
continuous training on a firm's innovative abilityhis effect shows highly significant.
Furthermore, it can be seen that the existenceunii@ contract has no significant effect on
innovation. This is exactly what we expected bamedhe empirical innovation literature (cf.
Schnabel and Wagner 1994). Similarly, we find ngnsicant direct impact of a works
council on a firm's innovations. Interestingly, wee that the effect of labor turnover is
positive, yet insignificant. ThB% and the Hosmer-Lemeshow test statistics confisaund

fit of the model. Hosmer-Lemeshow test statisties @sed instead of ordinary Pearsani?
statistics since the number of covariate pattesschot differ much from the number of
observations and thus an ordinary Pearsbif test is less appropriate (Hosmer and
Lemeshow 2000, pp.140-145). Similar results aréaiobd with a linear probability

regression (cf. column 2 of Table 3).



Table 3. Deter minants of innovations. simple probit and OL Sregressions

Independent Variable

Probit regression

INNOVATION 1999-2001

Linear Regression

INNOVATION 1999-2001

Constant

Continuous training 1997,1999,2000

Log average number of employees 1997-2000
Average fraction of skilled employees 1997-2000
Average fraction of unskilled employees 1997-2000
Average fraction of part-time employees 1997-2000
Labour turnover 1997-2000

Investment in ICT 1997-2000

Investment in production technology 1997-2000
Organisational changes in 1998

R&D department in 1998

Technical condition of the machines in 1997

Union contract 1997-2000

Works council 1998-2000

Some innovation in 1998

Founding year

Log Average fraction of employees on population 1997-2001
West Germany

Industry dummies

-2.007075 ***
(.2360058)
2451723 ***
(.0694635)
.1609916 **
(.0696009)
-.3059251
(.201826)
-.1657358
(.2209845)
-.5040503 ***
(.1729355)
.2879323
(.4228749)
3401941 ***
(.0796458)
2340427 ***
(.0789489)
.3309213 ***
(.0655807)
.6885898 ***
(.0850393)
.0447866
(.0609125)
-.0030044
(.066646)
-.1241666
(.0843637)
6937816 ***
(.0594559)
1414595 **
(.0647865)
-.0674979
(.0840576)
1227076 *
(.0629898)
Yes

-.1083071 *
(.0580497)
.0781075 ***
(.0212789)
.048103 **
(.0192658)
-.0699467
(.0527939)
-.041018
(.0583897)
-.1411576 ***
(.0450414)
.0653807
(.1141243)
.0881465 ***
(.020589)
.0593351 ***
(.0201579)
.093636 ***
(.0188595)
2172463 ***
(.0254287)
.0124921
(.016624)
-.0056543
(.0188881)
-.0336488
(.0249636)
2324211 ***
(.0200133)
.0433346 **
(.0181883)
-.0217236
(.0247131)
.0375005
(.017869)
Yes

Number of observations
Wald chi2

Prob > chi2

McFadden R2

Count R2

Adjusted Count R2
Hosmer Lemeshow chi2
Prob>chi2

2,911
838.21
0.0000
0.2769

0.771

0.435

2.88

0.942

Number of observations
F(39,2881)

Prob > F

R-squared

Root MSE

2.921
65.15
0.0000
0.3353
40353

In Table 4, we focus on the determinants of comtirsutraining. As expected, both the
existence of a union contract and a works coundiil@t a highly significant impact on a
firm's propensity to train its employees contindgudhis is true for the probit model (cf.
column 1 of Table 4) as well as for the linear esgion model (cf. column 2 of Table 4). The
effect of a union contract and a works council ofir@'s propensity to train continuously

both prove to be significantly positive. The coeafnts of the remaining control variables



have the anticipated signs. Altogether, the modeédd results in line with training

estimations for single years (Bellmann and Leb&520leubaeumer and Kohaut 2008).

Table 4. Deter minants of continuoustraining: simple probit and OL Sregressions

Probit regression Linear regression
Independent Variable CONTINUOUS TRAINING CONTINUOUS TRAINING
Constant -2.995997 *** -.2076526 ***
(.2664676) (.0490889)
Log average number of employees 1997-2000 7487761 ** .1856118 ***
(.0815638) (.0188778)
Average fraction of skilled employees 1997-2000 4932552 ** .0681674
(.2326219) (.0429868)
Average fraction of unskilled employees 1997-2000 -.4564573 ** -.1468892 ***
(.2604858) (.0493266)
Average fraction of part-time employees 1997-2000 -.1408319 -.0323097
(.1790115) (.0432324)
Labour turnover 1997-2000 -1.04204 ** -.2747758 ***
(.4523206) (.1003243)
Investment in ICT 1997-2000 242201 *** .0470883 ***
(.0849152) (.0181814)
Investment in production technology 1997-2000 .2299202 *** .0545757 ***
(.08619) (.019094)
Organisational changes in 1998 .2184312 *** .0549766 ***
(.0692031) (.0175922)
R&D department in 1998 .3087096 *** .0870828 ***
(.0890658) (.0237205)
Technical condition of the machines in 1997 .2566838 *** .0540344 ***
(.0655106) (.0154347)
Union contract 1997-2000 .2219137 *** .054426 ***
(.070549) (.0190611)
Works council 1998-2000 .5587528 *** .2275608 ***
(.0842266) (.0258587)
Some innovation in 1998 .109266 * .0286444 *
(.0657774) (.0171781)
Founding year -.0001418 -.0014307
(.0713776) (.0170194)
Log Average fraction of employees on population 1997-2001 -.0305769 -.0050054
(.089324) (.0220528)
West Germany .0633637 .0133407
(.069273) (.0164983)
Industry dummies Yes Yes
Number of observations 2,946 |Number of observations 2.946
Wald chi2 1083.56 [F(39,2881) 139.09
Prob > chi2 0.0000 |Prob>F 0.0000
McFadden R2 0.3873 |R-squared 0.4334
Count R2 0.803 |Root MSE 37441
Adjusted Count R2 0.534
Hosmer Lemeshow chi2 9.40
Prob>chi2 0.309

We finally apply instrumental variable methodswhich continuous training is instrumented
by the existence of a union contract and the axisteof a works council. The results of the
seemingly unrelated bivariate probit and the imsgntal variable two stage least squares

regressions are given in Table 5.



Table5: Deter minants of innovations: |V regressions

Seemingly unrelated bivariate probit estimation Inst rumental variable regression
Independent Variable CONTINUOUS TRAINING INNOVATION 1999-2001 INNOVATION 1999-2001
Constant -2.943752 *** -2.160794 *** -.1384451 **
(.2881532) (.2512263) (.0625042)
Continuous training 1997,1999,2000 -.6696602 -.0649435
(1.284358) (.0962908)
Log average number of employees 1997-2000 745593 *** 3412823 .0748943 **
(.0840345) (.2682285) (.0312504)
Average fraction of skilled employees 1997-2000 5045903 ** -.1902845 -.0592514
(.2362983) (.3122628) (.0536634)
Average fraction of unskilled employees 1997-2000 -.4251538 -.2954689 -.0613519
(.2643928) (.2733512) (.0603575)
Average fraction of part-time employees 1997-2000 -.1430111 -.5014293 *** -.1457636 ***
(.1767912) (.1774775) (.0454311)
Labour turnover 1997-2000 -.9732814 ** -.012486 .0255136
(.4757306) (.6237438) (.1180879)
Investment in ICT 1997-2000 .2396861 *** .3678988 *** .0948521 ***
(.0841535) (.0777456) (.0213143)
Investment in production technology 1997-2000 2176261 ** 2749621 *** .0669665 ***
(.0859474) (.0823245) (.0209121)
Organisational changes in 1998 2353901 *** 3659975 *** .1019366 ***
(.0695598) (.0647661) (.0199773)
R&D department in 1998 .2947368 *** 7174994 *** .229625 ***
(.0906598) (.0874922) (.0277019)
Technical condition of the machines in 1997 2618671 *** 1006507 .0202351
(.065783) (.1009749) (.0172493)
Union contract 1997-2000 1996612 ** .0570874
(.0789156) (.1162302)
Works council 1998-2000 5654541 *** .0840514
(.084387) (.317519)
Some innovation in 1998 .0925953 6672616 *** .2360781 ***
(.0662413) (.1324651) (.0203812)
Founding year -.0008548 1327518 * .0434389 **
(.0724203) (.0696664) (.0181944)
Log Average fraction of employees on population 1997-2001 -.0027894 -.0656253 -.0222589
(.0943457) (.0812113) (.0247733)
West Germany .0766747 1314749 ** .0401491
(.0693011) (.0606143) (.0180323)
Industry dummies Yes Yes Yes
/athrho 5991316
(1.057083)
rho .5364313
(.7528984)
Number of observations 2,921 Number of observations 2.921
Wald chi2(77) 3,039.72 F(39,2881) 66.39
Prob > chi2 0.0000 Prob > F 0.0000
Wald test of rho =0 R-squared 0.3235
chi2(1) .321237 Root MSE 40694
Prob > chi2 0.5709 Hansen J statistic
Likelihood Ratio test of rho =0 chi2(1) 0.011
chi2(1) 918502 Prob > chi2 0.9156
Prob > chi2 0.3379

As can be seen from Table 5, the coefficients @mtiauous training become negative in the
innovation equations, although tipevalue shows that these effects are not significkmt
both, the seemingly unrelated bivariate probit nh@de in the linear instrumental variable
model, continuous training loses its influence ofiran’s innovative activities when only
using the variation in continuous training indudsdunions and works councils. At the same
time, the test of the joint influence of unions amarks councils on continuous training at the
first stage of the two stage least squares IV s=jpe delivers arr value of 48.58. This

proves that the chosen variables are strong insintsn for training. The Hansen



overidentification test of the instruments confirthgs finding. For the seemingly unrelated
probit model, a Wald test as well as a Likelihoaoati® test show that the null hypothesis
p =0cannot be rejected (cf. Table 5). Yet, the resmitdontinuous training is significantly
different from zero in the univariate innovationopit model, whereas the bivariate probit
estimation reports insignificant estimates for btite continuous training dummy and the
correlation coefficient. This again hints at cootias training having no effect on innovation

(Monfardini and Radice 2008).
Robustness Checks

To check the robustness of the results, some 1@igbf the models are estimated. Since the
main variable of interest, innovation, is a binargriable and the results of the linear
probability models qualitatively show the same hssuwe focus on variations of the

presented probit models.

First, the training period is shortened so that mgressorcontinuous training refers to
training in 1997 and 1999 with all other variablesing equal. Thus, a better lag between
training and innovation is created to counter thgument of reversed causality of training
and innovation by yet another means. The resufinogit model does not differ substantially
from the one reported above: Continuous trainirgydaignificantly positive effect on a firm's
innovations. To further widen the lag between iragnand innovation is not recommended,
since that would imply that training leads to inative activity only after a specifically

defined period of time.

Second, the probit and biprobit models are estichateth a slight variation of the
instrumental variableinion contract The variable is coded 1 only if the interviewednf
actually confirmed for every year between 1997 20@d0 that it was tied to a union contract.

Again, the results do not differ considerably frtre original models.



Furthermore, we estimated separate regressiorspémific firm size classes. The regressions
for those establishments with a) less than 25 eyegl®, b) 25 and more employees, c) less
than 50 employees, and d) 50 and more employees similar characteristics to the
regressions presented above. Our results remaiastolblowever, if we only consider
establishments with 100 and more employees, otnum&nt becomes weak since there is too

little variation in the existence of union contsaeimong larger firms.

In another specification of our model, we use datan the German Social Insurance
Statistics to generate the Herfindahl index of em@tion as computed by Schmalensee
(1977), which considers the size distribution ofess in a market and thus represents an
alternative means of accounting for industry-lestehracteristics. This index is insignificant
in the innovation equation when used together whthindustry dummies. Without industry
dummies, the Herfindahl index becomes significaptgitive, which hints at more innovative
activity in industries with less competitive pressuA certain degree of concentration seems
necessary to induce innovative activities. Thiglifig is in line with Aghionet al. (2006),
who argue that the opportunity for temporary rentan imperfect goods market and, hence,
competition, stimulates innovative activity. In ghcontext, a high level of concentration
indicates that incumbents are constantly innovatmgl thus manage to prevent entry.
However, nothing can be said about potential coitipetcaused by potential entries. Apart
from that, we obviously face endogeneity problenesdnse innovation alters the market
position of some firms. Thus, coefficients shouddibterpreted as no more than correlations.
The Herfindahl index also has a positive impactthe training equation, which is only
significant at a 10 percent level of significancken used together with industry dummies.
These results confirm Acemoglu and Pischke (1989}hat some market power seems to be
necessary to encourage firm-sponsored training. édew this finding is in disagreement with
that of Autor (2001), who finds that tiéerfindahlindex and training are negatively correlated in

U.S. temporary employment firms and therefore sstggthat less competition reduces training.



However, also in this specification of the modelr findings concerning the impact of
continuous training on innovation are left unchahghough the results are not included in

the reported tables.

To apply yet another variable representing indukgvel characteristics, we use the average
entry rate per industry as a measure of compefressure. The entry rate is generated from
data of the German Social Insurance Statisticsstmosivs a significantly negative impact on
innovation, which again is consistent with Aghieh al. (2006). New entry means that
incumbents have not successfully defended theikehgoosition. It reduces the expected
payoff from innovating and thus discourages inn@mvatHowever, these results should be
interpreted tentatively due to potential endoggngibblems. The coefficients should at most
be interpreted as correlations. Again, our findiaggo the impact of continuous training on a

firm’s innovative ability are confirmed.

We also estimated the models for manufacturing stréks only. Once more, similar results
were found. However, it might be a problem that,this case, the existence of a union
contract is not an appropriate instrumental vaeas it no longer has a significant effect in

the training equation.

Finally, we examine whether continuous trainingoi@vradical innovations, which, in our
context, means the introduction of completely nenodpcts or services. A binary-coded
variable is generated that takes the value 1 drheifirm reported having undertaken such a
“real” innovation in the period 1997-2001. The refece group is comprised of firms that
introduced minor innovations during this same pi&righich, in this context, means imitation

or enhancement of an existing product/service.



Table 6: Deter minants of radical innovations: simple probit and OL Sregressions

Probit regression Linear regression
Independent Variable RADICAL INNOVATION vs. PRODUCT | RADICAL INNOVATION vs. PRODUCT
ENHANCEMENT/IMITATION 1999-2001 | ENHANCEMENT/IMITATION 1999-2001
Constant -7.044758 *** -.0705656
(.6422553) (.0904965)
Continuous training 1997,1999,2000 -.031542 -.0063295
(.1173465) (.0290124)
Log average number of employees 1997-2000 .098223 .0226688
(.1434431) (.0355868)
Average fraction of skilled employees 1997-2000 .187516 .0428748
(.4436583) (.1001782)
Average fraction of unskilled employees 1997-2000 .0424639 .0022511
(.4815829) (.1123004)
Average fraction of part-time employees 1997-2000 -.091363 -.0060608
(.3730828) (.091371)
Labour turnover 1997-2000 1.200811 .2905585
(.7588329) (.1908259)
Investment in ICT 1997-2000 -.0757918 -.0167778
(.1803445) (.0396752)
Investment in production technology 1997-2000 .3312543 * .0641921 *
(.1805064) (.0347851)
Organisational changes in 1998 -.0121613 -.0052238
(.1299908) (.0287263)
R&D department in 1998 2591119 ** .0696695 **
(.1108023) (.0295431)
Technical condition of the machines in 1997 -.0096771 -.001671
(.1030803) (.0255935)
Union contract 1997-2000 1168214 .0303019
(.119998) (.0291842)
Works council 1998-2000 -.0963043 -.0219831
(.1439883) (.0374589)
Real innovation in 1998 4630527 *** 1412073 ***
(.108602) (.036007)
Founding year .0139797 .0050596
(.1149511) (.0290037)
Log Average fraction of employees on population 1997-2001 .1320533 .0354316
(.1484004) (.0369103)
West Germany -.1674628 -.0438296
(.1053497) (.0274118)
Industry dummies Yes Yes
Number of observations 1.174 Number of observations 1.189
McFadden R2 0.0761 F(39, 1149) 4.98
Count R2 0.815 Prob > F 0.0000
Adjusted Count R2 0.023 R-squared 0.0738
Hosmer Lemeshow chi2 6.84 Root MSE .38148
Prob>chi2 0.554

It turns out that already in our simple multivagiaegression framework continuous training
cannot explain the success of the radical innosatdowever, the existence of a research and
development department still exhibits a stronglgitree effect on radical innovations. We
suggest that high qualified employees working sesech and development are permanently
confronted by new challenges and thus have to &sereand adapt their existing knowledge
stock all along. This kind of knowledge formatidrgwever, might not appear in the survey
answers of the training question. This might bertrgeson for training having no effect. Still,
we do not know what kind of knowledge managemenis itexactly that distinguishes
successful from less successful research and geveltt departments.

Aside from a research and development departmemieir radical innovations, and



investment in production technology, no significardependent variable can be found in the
probit model as well as in the linear probabiliggression model presented in Table 6.
Obviously, radical innovations are caused by factother than the factors, which are
responsible for imitation or product/service entenent activities. So far, we do not know
more about these factors. Accordingly, the goodiéde of these last models is called into

question by the listed test statistics.

6. Conclusion

The goal of our paper was to test the hypothesas tontinuous training is a necessary
condition for successful innovation. Following Aghiet al. (2006), we argue that innovation
is the only way for a firm to prevent entry and wmane competition. Therefore, incumbents
must innovate constantly if they do not want td tssing their position in the market, along
with the accompanying rents. However, the necessityinnovate successfully inhibits
incumbents from undertaking risky and adventuresamm@vations; instead, they rely on
routinized innovation. This, in turn, creates a daoh for a firm-internal knowledge stock
comprised of knowledge based in former experiemdech is embodied in the workforce,
and the latest technological knowledge, along with #hkdls necessary for its successful
implementation. Ensuring that the knowledge stocktains appropriate amounts of both
types of knowledge can be achieved through modénatever in the labor force along with
continuous training in the latest technology. Acltogly, we assume that firms operating
successfully at the technology frontier and innmgtconstantly must rely on continuous

training because routinized innovations do not conneof thin air.

Empirically, we test our hypothesis that continuowaining supports innovation by
employing German micro-level panel data. In a senmplltivariate regression framework, we
find evidence that continuous training does havgositive effect on a firm’s innovative

ability. In the case of radical innovation, we dat find this positive correlation. However,



when instrumenting continuous training by the exise of a union contract and a works
council, the positive impact of continuous trainiag innovation disappears, although both

instruments prove to be valid.

This finding can be interpreted in two ways—bothvihg important policy implications.
First, the results can be interpreted in a way tloatinuous training does not have a positive
impact on innovation. This interpretation challemgthe currently prevailing training
programs such that politicians along with managéuld think about a reconceptualization.
Second, the results can be interpreted in a wayctrdinuous training in general does have a
positive impact on innovation; however, it is nbetkind of training which is induced by
union contracts and works councils that stimulatesvative activities. In this second case,
apparently, the regulations and recommendationsnafns and works councils encourage a
sort of training which is on average not benefigraterms of a firm's dynamic innovative
activities. This raises the interesting questids.these institutions merely react passively to
secure employment of the incumbent workers? Howdcthese institutions act proactively in

support of a firm's innovations?

In a way, our results are unsatisfactory, as wentdranswer the question whether there are
kinds of training which are beneficial in termsadfirm’s innovative activities. What we can
say is that it is obviously not the kind of traigilnduced by union contracts and works
councils. However, these results suggest the \a@lf@rther study on the kind of training that

could have an impact on firms’ innovations.
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Appendix 1: Distribution of establishments acrossindustries

Industry Freg. Percent
Agriculture and forestry 156 4.88
Energy, mining, water supply 83 2.60
Chemical industry, petroleum processing 51 1.59
Plastics, rubber industry 28 0.88
Earths, stones and fine ceramics industry 63 1.97
Iron, steel and metal industry 96 3.00
(Light) Metal construction 182 5.69
Electrical engineering, data processing machines 117 3.66
Road vehicle manufacturing, garages 90 2.81
Shipbuilding, aircraft construction 12 0.38
Fine mechanics, toys industry 65 2.03
Wood working 69 2.16
Paper and printing industry 47 1.47
Textile industry 48 1.50
Food, beverages and tobacco industry 122 3.81
Building industry 427 13.35
Trade 552 17.26
Communications and information transmission 172 5.38
Credit institutions 98 3.06
Insurance industry 48 1.50
Real estate services 63 1.97
Restaurants, accomodation services 167 5.22
Other Services 442 13.82
Total 3,198 100.00

Appendix 2: Distribution of establishments acr oss size classes
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Appendix 3: Summary descriptive statistics on dummy independent variables

Independent variable Freg. Percent Independent variabl e Freg. Percent
Investment in ICT 1997-2000 No 727 22.84 Union contract 1997-2000 No 1,649 51.56
Yes 2,456 77.16 Yes 1,535 48.00
Total 3,183 100.00 Total 3,184 100.00
Investment in production No 632 19.86 Works council 1998-2000 No 2,102 66.71
Yes 2,551 80.14 Yes 1,049 33.29
Total 3,183 100.00 Total 3,151 100.00
Organisational changes No 1,142 36.06 Some innovation in 1998 No 1,615 50.74
Yes 2,025 63.94 Yes 1,568 49.26
Total 3,167 100.00 Total 3,183 100.00
R&D department in 1998 No 2,594 81.24 Founding year Before 1990 1,930 60.62
Yes 599 18.76 1990 or after 1,254 39.38
Total 3,193 100.00 Total 3,184 100.00
Technical condition of the Middle/old 991 31.08 East or West Germany East 1,626 50.84
machines in 1997 Cutting-edge/new 2,198 68.92 West 1,572 49.16
Total 3,189 100.00 Total 3,198 100.00
Appendix 4: Summary descriptive statistics on metric independent variables
Independent variable Observations Mean Std. Dev. Min Max
Average number of employees 1997-2000 3,198 277.6542 1,272.58 1 43,857.25
Average fraction of skilled employees 1997-2000 3,190 .6161419 .2607177 0 1
Average fraction of unskilled employees 1997-2000 3,190 .2100377 .2321988 0 1
Average fraction of part-time employees 1997-2000 3,151 .1366122 1929663 0 1
Labor turnover 1997-2000 3,147 .0601174 .070666 0 6428571
Average fraction of employees on population 1997-2001 3,195 .3300649 .1051249 1131106 .8199473
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