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ABSTRACT

Information and Communication Technologies and Skill Upgrading:
The Role of Internal vs. External Labour Markets’

Following the adoption of information and communication technologies (ICT), firms are likely
to face increasing skill requirements. They may react either by training or hiring the new
skills, or by a combination of both. We first show that ICT are indeed skill biased and we then
assess the relative importance of external and internal labour market strategies. We show
that skill upgrading following ICT adoption takes place mostly through internal labour markets
adjustments. The introduction of ICT is associated with an upward shift in firms’ occupational
structure, of which one third is due to hiring and firing workers from and to the external labour
market, whereas two-thirds are due to promotions. Moreover, we find no compelling evidence
of external labour market strategies based on “excess turnover”. In contrast, French firms
heavily rely on training in order to upgrade the skill level of their workforce, even if this varies
across industries.
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Introduction

Changes in employment relationships have attragtied of attention in recent years, both in
the popular press and in academic research. Faltpweveral downsizing episodes in the
USA and in Europe, a widely shared view has dewsoaccording to which employment
relationships have become more instable than teeg to do be. According to Doeringer and
Piore (1971) internal labour markets are charaszdrby the fact that wages and career paths
are, to a large extent, determined by a set of midtrative rules rather than by pressure
arising from the external labour market. In cortiras recent years, long-term employer-
employee relationships have seemed to decline @lapj©99) and the labour market seems
to have been increasingly working like a “spot neditAtkinson, 1999). Correspondingly,
the perception of job insecurity has increased asth®ECD countries in the 1990s (OECD,
2003).

However, existing empirical evidence on rising joistability and the decline of internal
labour markets is actually quite mixed. Regardiolg instability, the US literature does not
provide compelling evidence of any decrease imtaie rates nor in job tenure (see Neumark
et al, 1999, Jacoby, 1999, and Stevens, 2008).rBiegaFrance, the review of the literature
by Germe (2001) suggests that the evidence of tamion of internal labour markets is not
clear-cut. However, job insecurity seems to haweeeiased in the USA over the past decades,
whether measured in terms of involuntary job Idsaifer, 2007) or in terms of probability of
dismissal (Valletta, 2000). Similar results are fduon French data. Givord and Maurin
(2004) and Behaghel (2003) indeed find evidencarofupward trend in annual transition

rates from employment to unemployment between tidel®70s and the early 2000s.

So, evidence on the potential decline of interahblur markets is far from being clear-cut.
One reason for this may be that internal labourketarare efficient organisations in the
presence of match-specific investments, transaatmsts and workers' risk aversion (see
Wachter et al, 1990) which are unlikely to haveagiseared altogether. Another reason may
have to do with the rapid development of informatamd communication technologies (ICT)
over the past 20 years. Although these changes dftare been seen as potential causes of a
decline in internal labour markets, this actuakgpends on how they impact human resource
management, in particular through new and incrgashkill requirements. The recent
literature on the skill content of technologicalange suggests that information and
communication technologies substitute workers itin@ tasks, whereas they complement

them in interactive and analytical activities (gagor et al., 2003, and Spitz-Oener, 2006).
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The impact of such changes on the skill level efworkforce may however vary across jobs
or sectors. Ben-Ner and Urtasun (2010) suggest k@&t could generate some "skill
bifurcation™: it would eventually raise the ski#tiel of workers in complex jobs whereas it
would have a deskilling effect on workers in lowHekl jobs. Nonetheless, available evidence
suggests that, oraverage ICT adoption generates an increase in the demiand
communication and analytical skills (see Autorle2803).

Firms may cope with it in various ways. They mathei hire the new skills on the external
labour market or train their own workers, thus irjyon the working of the internal labour
market. Hiring the new skills from outside the fimmay actually take two forms. Firms may
hire more highly skilled workers and get rid ofdeskilled ones, which generates an upward
shift in the occupational structure. Alternativellyey may hire new workers within a constant
occupational structure in order to bring "freshdalg and presumably new skills, into their
workforce. A number of recent papers have invettgjahe impact of new technologies on
changes in the occupational structure within firmsrker flows or training. They find a
positive impact of technical (and organisationdiprmge on the employment or wage-bill
share of the more highly skilled occupations (sdéwr@ells and Van Reenen, 2002 and
Caroli and Van Reenen, 2001). On U.S. data, Neunzar#t Reed (2004) display a
significantly greater use of contingent employmeealationships in new-economy jobs.
Regarding worker flows, Givord and Maurin (2004)dfithat the use of new technologies
increases the annual transition rate from employmenunemployment, and that this is
enough to explain the global trend toward greaibripsecurity observed in France. Looking
at worker flows by skill levels in France, Askenamayd Moreno-Galbis (2007) find that firms
that most intensely use new technologies and inha/aork practices experience a higher
turnover among most of the occupational categoFRes.Germany, Bauer and Bender (2003)
find that new technologies increase churning rédeskilled and highly skilled workers and
that most of the employment adjustment patternecasted with technological change are
due to hiring and firing rather than to promotiamsdemotions. These results suggest that, if
anything, firms meet the new skill requirementddi@ing the introduction of ICT through

adjustments on the external rather than interfedamarket.

However, another strand of literature suggests ttieatadoption of information technologies
and innovative workplace practices also raisesdirmvestment in training. On US data,
Lynch and Black (1998) find that the proportion wbrkers receiving formal training is

higher in firms that use high performance work pcas. Behaghel and Greenan (2010) use
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matched employer-employee data for France andfialddhat a more innovative organisation
increases the probability that workers receiventngj, even once controlling for selection and

potential endogeneity biases.

As underlined by this review of the literature, masgticles consider only one type of labour
market response to technological change. Theyrestiiely internal or external labour market
strategies, but rarely both at the same time. Heweas suggested by Mincer (1989), these
strategies are likely to be correlated with eadhent Firms may react to increasing skill
requirements either by combining in some way tragniith the hiring of new skills or they
may, on the contrary, rely on one strategy at tperse of the other. The characteristics of
this choice and its determinants are the focub@present paper.

Investigating this issue on France at the end ®f1900s is of particular interest because ICT
were still spreading quite quickly across firms,il@hn other countries, like the USA, a
majority of firms had already transited to ICT-ins&/e production processes. To the extent
that we are interested in how firms cope with tieav skill requirements arising from the
implementation of ICT, France in the late 90s pdegi an interesting case to research.
Moreover, together with Japan, France used to lee adnthe Western countries in which
internal labour markets were the most widespreaarghien, 1999). It is therefore one of the
countries in which the development of ICT is likétyhave had the most devastating effect on
long-term employment relations if new technologiadl for an ongoing reshuffling of the
workforce. At the same time, internal labour maskaiy have been protected by the strength
of employment protection legislation. Accordingthe OECD indicator (Venn, 2009), France
iIs one of the countries with the highest level ofptboyment protection. This is particularly
the case for temporary contracts which can be asgdunder very strict conditions and for a
limited amount of time. This may have made inteda@lour markets more sustainable in a

period of rapid technical change.

In order to assess the resilience of internal labmoarkets in a context of technological
changes, we consider three ways through which firmay increase the skill level of their

workforce, whenever necessary:

1) They may shift their occupational structure upwasdhich can be done either by
promoting incumbent workers from lower to higherilled occupations (internal
labour market strategy) or alternatively, by hirmgrkers in more highly skilled

occupations and/or firing them in less skilled ofegernal labour market strategy).
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2) External labour market adjustments may also takefdhm of "excess turnover" (or
churning) — i.e. turnover in excess to what is ssagy to upgrade the occupational

structure — if firms try to acquire new skills bhetadjunction of "fresh" workers.

3) Eventually, firms may train their own workers, thiedying on the internal labour

market.

According to the relative importance of these cle@sinwe will be able to assess how
important internal labour market strategies renmiaia period of rapid expansion of new ICT

or, alternatively, to what extent external labowarket strategies have taken over.

The paper is organised as follows. Section 1 cedlithe econometric model. Section 2
introduces the data. The results are presente@ctid® 3. Some discussion and concluding

remarks are offered in Section 4.

1. The Econometric model

New technologies and skill upgrading

The existing literature on skill-biased technichlinge suggests that in order to fully exploit
the potential of ICT, firms have to upgrade thdldkvel of their workforce when adopting
them. The corresponding prediction is that thereukhbe a positive correlation (all other
things kept equal) between the adoption of moreaded technologies and an increase in the

skill level of the workforce.
A very simple test is based on the following regies:

ASKILL =z B+ AICT 5 +¢, (1)
wheredICT is an indicator of adoption of new information as@mmunication technologies,
SKILL is a measure of the workforce’s skills, awre control variables.

ICT adoption is likely to be endogenous. In the emloe of any good instrument for

technological adoption, we interpret positive estiés 5 as evidence of partial correlations
between the adoption of new technologies and upwhashges in the skill structure of the
workforce — see Section 4 for further discussiopratogeneity issues.

! Note that these three channels may overlap; ftairte, firms may promote workers they train. Hoaveas
shown in the next section, shifts in the occupaiastructure can be decomposed in shifts througgrnal
movements and shifts through external movemeniss hroviding a natural metric to assess the raativ
importance of internal and external movements.
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Skills, however, can be acquired through a varadtghannels. In what follows, we consider
three possible channels: firms may upgrade the patmnal structure of their workforce

(which can be achieved though entries and exitaltgrnatively through promotions); they
may rely on excess turnover in order to acquirshrekills; and/or, they may train their own
workers. We interpret upward changes in the occoipait structure through entries and exits
as well as excess turnover as indicators of extéabaur market adjustments. Conversely,
skill upgrading through promotions and training @een as indicators of internal labour

market strategies.

Decomposing changes in the occupational structure

Changes in firms' occupational structure in retatrath ICT adoption are usually estimated

using standard labour share equations:
4S, =xB, +ACTI, +¢ 2

where x is a vector of control variables a&J is the share of occupational groppn the

workforce of firmi:

ip ip
ASp = il —i_‘l
L Ly
Such changes are the outcome of two different mewesn (i) entries and exits of workers at
various levels of the occupational structure amdpfiomotions of workers from lower to

higher occupations. In order to distinguish botfe&s, we construct counterfactual changes
in labour share34§,p) describing what would have happened to the odeupa structure if
there had only been entries and exits at the diftepccupational levels, but no internal

movement (promotion or demotion):

S — Litp—l + Htip B Etip Litp—l
ASIP_ L +H -F L
t-1 t t t-1

3)

where L?, is the number of workers in occupatipin firm i at timet-1, H is the number
of entries in occupatiop in firm i between timg-1 andt and EP is the number of workers
formerly employed in occupatigmleaving firmi between time-1 andt. Similarly, L,, H/,

and E; respectively denote the total number of workens;i@s and exits in firnn at timet.
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Given that we do not have any direct informationpoomotions, changes in the occupational
structure through promotions onlyﬂiip) are defined as the changes in the occupational

structure that would have occurred if there hadnbeene of the entries or exits that we
observe in the data:
s _LP-HPLET LY,

45, =— LT -
L-Hi+E Ly

(4)

where LP is the number of workers in occupatipim firm i at timet. The number of workers

in occupationp att is computed as a counterfactual including onlynprtions, i.e. the
number of workers observed &ain occupationp minus entries plus exits into that group
betweent-1 andt. The corresponding labour share is computed bigidiy this number of
workers by what employment would have been in the &t yeart if no entry nor exit had
taken place over the period.

In the case where the total level of employmewbisstart, the observed changes are the sum

of the two counterfactual changes. Indeed, we tiese H = E| and L, =L,_,. Therefore,

AS = Litp _ |_itp_l _ Litp - Htip + Etip - Litp_l 4 Htip - Et‘p :Aélp +A§|p.

P th -1 th -1 th -1

Let us underline that our counterfactual measufeshanges in the occupational structure
(Alf%p and Aép) closely relate to standard worker flow rates (Bewis and Haltiwanger,

1999 for a survey). The main difference betweein limthat in the former, flows are defined
with respect to the total size of the workforce,endas in the latter, they are defined with
respect to the size of occupatienConsider equation (3). When firm size is constant

Htip - E[ip

This differs from the standard external worker fleteEWFR

AS, =

2 When total employment is not constant, the coieffits we obtain forélfﬁp and Aép do not add up to those
obtained when usindkSp as a dependent variable. This is due to the faait dhcomplete decomposition of
ASIp should include a third term, namely the interactivetween changes due to internal and external
movements. We choose to neglect this term whichnimaslear interpretation with respect to the indms

external labour market issue. It turns out to bey eenall in practice: the coefficients oS, and AS almost

add up in our regressions. Robustness checks shawat alternative additive decompositions yielth@dt
identical results are available upon request.
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ip _ Eip
EWFR, =t & . 5
-1
by a factor equal td°, /L. In other words, the key difference lies in thetféhat we

reweigh the usual worker flow rates by the initiatupational structure of the firno”, /L, , .

This serves our purpose by providing a direct mesefithe impact of worker flows on the

firm’s occupational structure.
We estimate equation (2) separately fﬂtﬁp and Aép by OLS, equation by equation, for

each occupation.

Upgrading skills through excess turnover and traqi

Another way to upgrade the skill structure of anfiwhen adopting ICT is through the
addition of "fresh" workers by means of labour twrer. Turnover is, to some extent, a
mechanical consequence of the upgrading of thepatimnal structure through entries/exits:
there cannot be any upgrading of the occupatiamattsire through entries/exits if there are
no worker flows. However, as is well known from fiterature on job and worker flows (for
French firms, see Abowd, Corbel and Kramarz, 200&)rker flows (turnover) usually

largely exceed what is needed for a given levgbfilows.

We therefore use a measure of ‘excess turnover ehorning -, i.e. turnover in excess to
what is needed for a given change in the size grfioap of workers. Specifically, following
Davis and Haltiwanger (1999, section 6) excessowgnet in planti and for groupp is

defined as:

el; = ip p _‘ ip ip| (5)

We then estimate:

et, =x¢, +AICT y, +v, (6)

by OLS separately for each occupation, wherés »xa vector of control variablesf4p is the

estimate of interest; positive values indicate tRat adoption is associated with an increased

% Although we are estimating a system of Seemingiyelated Regressions (SUR), feasible GeneralizedtLe
Squares (FGLS) are not warranted here, as the sagressors show up in each equation (see, e.gordiner.6
in Wooldridge, 2002).
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turnover of groupp, beyond what is mechanically implied by the upgrgdf occupational

groups.

Similarly, skill upgrading through training needs lbe analysed within each occupational
group. Indeed, training rates are higher in higi-sfgroups, hence upgrading of the
occupational structure through entries/exits meadly generates an increase in training
rates. Our data allows us to estimate training gojsifor a given occupational group:

Tip = Xi(//p +AICTi,7p +Uip (7)

which we estimate by OLS. ¥ a vector of control variables arfyulp is the estimate of

interest; positive values indicate that ICT adapti® associated with an increase in training,

once controlled for composition effects.

2. The Data

Measuring technology adoption and skill upgradimgptigh our 3 channels at the firm level

requires combining several databases.

Our main information on ICT comes from tREPONSE survefRElations PrOfessionnelles
et NégocationS d’Entreprise). In 1998, 2978 esthbiients were surveyed with senior
managers being asked questions about industriatiols, implementation of new
technologies and reorganisations. Regarding ICThaee information on the proportion of
workers using the Intrarfeand the Internet in 1998 (no use, less than 5%, 5%, 20 to

49%, 50% and more). Given that these technologm® wt the very beginning of their life
cycle in France in the mid-1990s, we assume thatptioportion of workers using them in
1998 provides a good approximation of technologiadbption over 1996-1998. More

specifically, we define a dummy variable equal tif &t least 5% of the workers use the
Internet or at least 20% of the workers use theai@f. One advantage of this simple

measure of ITC use is that it is relevant for tifeecent sectors in the economy: as shown by

* The exact phrasing is "Intranet and computer neks/o

® Using a binary variable discards part of the infation available in the 5x5 levels of adoption @ obtained
by combining the original Internet and Intranetiahles. However, our sample is too small for estingathe
effects of all these combinations separately. Waosh to focus on the 5% and 20% thresholds as atevay
contrast reasonably balanced groups of ITC earbpteis (1/3 of the sample) and late (or non) adgpfirms
(2/3 of the sample), thus giving us good statistwawver. Computing a more continuous index may l&ad
misspecifications as we would have to make linga#tisumptions (with little statistical power tottdeem). We
checked that our results are robust to the thresheé use to generate the ICT adoption indicator.
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table A, in our sample, very similar proportionsfmims in the manufacturing and service

sectors are classified as “ICT-intensive” by thisasure (about one third).

In addition to ICT, the REPONSE survey also prosidietailed information on firms and

establishments which we use as control variableshén regressions: firm characteristics
(public/private, firm with one or several plantsstéd on stock markets/non-listed), plant
characteristics (share of women, share of part-tmoekers, presence of union delegates,
employment growth, local labour market density)wedl as a set of industry and plant size

dummies.

In order to capture worker flows, we rely on twdéfelient sources. The DMMO (Données sur
les Mouvements de Main-d’Oeuvre) has exhaustiva datentries and exits of workers in
and out of establishments with 50 employees or mbhe data is broken down into four
occupational categories: managers and professfonethinicians and supervisors, clerks and
blue-collars. The EMMO (Enquéte sur les MouvemeatgsMain-d’Oeuvre) has identical
information on a representative sample of firmdwaiss than 50 employees. We use this data
to compute counterfactual changes in labour shares 1996-1998, i.e. changes that are due
only to entries and exits (resp. promotions) in #agious occupations over the period. In
order to do so — see equations (3) and (4) — we ate information on the level of
employment in each occupational cell at the begigrand at the end of the period. This
information is provided by the French survey of égment structure: the ESE (Enquéte
Structure des Emplois), as of Decembef B195 and 1998.

The last channel we consider for skill upgradingraning. The so-called “24-83" fiscal
records provide firm-level data on the number ofkeecs receiving training and the volume
of training hour& This information is obviously quite limited sinde only refers to
continuous and formal training. In particular, agrceship is excluded whereas it may be an
important skill source (see Bellman and Janik, 280@ Ryan et al, 2007) which may be, in
some cases, complementary to internal labour marfsge Soskice, 1994, on Germany).
Similarly, informal on-the-job training is not inaded in our data although it may represent an
important part of training, in particular in smftims (see Barron et al, 1997)This is a clear
limitation of the 24-83 records. Unfortunately, e not aware of any data source that would

provide more exhaustive information on trainindg=nance. Using the information available in

® This category also includes engineers.

" The "24-83" records provide firm rather than plevel data on training. Matching them with estaiient-
level data generates some measurement error thialisto raise the standard errors in our estésat
® In order to prevent this from biasing our results,systematically control for plant size in ougnessions.
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the 24-83, we compute both the proportion of wakezceiving some training and the
average number of training hours per worker for foccupational categories - identical to
those in the DMMO-EMMO database. These are averagent 1996-1998 in order to

account for the fact that training may take someetio be implemented after firms decide to

invest in it.

Matching the four datasets and cleaning out estatients with implausible values for skill
upgrading reduces our sample to 1,114 establistem@&hie low matching rate is primarily
due to the fact that the EMMO and 24-83 sources nateexhaustive (respectively, not
systematically coded) — see the Data Appendix ébaits.

Table A in the Appendix summarizes all the variablesed in our models. Our sample
consists mainly of large plants (53% have more tB@fA workers) belonging to multi-

establishment firms of the private sector. 77% hawenion delegate and less than half of
them are listed. The manufacturing sector is oeprasented in our sample: it accounts for
80% of total employment, compared to only 20% ie tlhole French economy. As a
consequence, women account for only 35% of theualbarce. 37% of the plants employ

more than 5% of part-time workers.

3. Results

3.1 ICT adoption and skill upgrading strategies

We first investigate the correlation between ICDattbn and the strategies used by firms to
upgrade the skills of their workforce. In orderdo so, we estimate equations (2)-(4), (6) and

(7) of our model.

Table 1 presents the results for the various foofskill upgrading: respectively, upward
shift in the occupational structure through entargs versus promotions, excess turnover
and training. Panel A of Table 1 provides evideatskill-biased technical change. The use
of the Internet or the Intranet is positively cdated with an upward shift in the occupational
structure and, more specifically with an increaséhe proportion of managers, engineers and
professionals and a decrease in the proportiodeokscin the workforce. This occupational
upgrading is essentially achieved through intemalvements (promotions). These account

for more than 70% of the increase in the proporatbmanagers — as compared to only 30%
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for external movements - and for almost all of teduction in the share of clertks see
Panels B and C. This first set of results suggtsis internal labour markets still play an
important role when firms have to cope with incregsskill requirements. Most of the
adjustment in the occupational structure takesepthough promotions, whereas the relative
importance of entries and exits to and from thesmel labour market remains limited. To
gauge the economic significance of the effectss iseful to compare them to the average
changes in the occupational structure in our sampieng the 1996-1998 period (Table A).
For instance, the .80 percentage point increagbdanshare of managers and professionals
occurring through internal movements and associatgdintensive ICT-use (Table 1) is very
close to the overall increase in the share of marsagnd professionals in the economy (+.77
percentage points). If we were to give a causairpmetation to the estimates, a back-of-the-
envelop calculation would imply that about 35% loé toverall increase in the demand for
managers and professionals is due to the adopfid@Tothat occurred in about 1/3 of the
firms over the period and which was satisfied tiglou internal movements
(0.33*.80/0.77=0.34); about 15% is due to the adopof ICT but was satisfied by the
external labour market (.33*.3/0.77=.13); and temaining 50% is due to other causes. Of
course, our estimates cannot necessarily be imtiegbcausally; but this suggests that the role
of internal labour markets is far from negligibtethe overall upgrading of the occupational

structure.

Firms may also try to upgrade the skill level adithworkforce by bringing in "fresh workers"
with new skills, beyond what would be necessaryupgrade the occupational structure
through entries and exits. Panel D of Table 1 itigates the partial correlations between ICT
adoption and excess turnover. We find no compekivigence of such a correlation: the use
of the Internet or the Intranet is not associaté@tl excess turnover, whatever the category of
workers we consider. Overall, the external laboarket does not appear as a key provider of

new skills when firms introduce new information asmimunication technologies.

In contrast, firms heavily rely on training in orde upgrade the skill level of their workforce.
Panels E and F of Table 1 have the partial coroglatoetween ICT adoption on the one hand
and two different measures of training on the othand. As evidenced by Panel E, the
introduction of new technologies is correlated wéhgreater access to training for all
categories of workers except for managers and gsafeals - where the coefficient is positive

° Note that, given that our occupational categasiesquite broad, we do not take into account ahpations.
Those occurring from one level to the next one inithgiven occupational category are not recordedhat our
results on the scope of promotion should be seerl@ser bound.
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but not statistically significant. In contrast, wheonsidering the number of hours of training
per worker, the correlation is positive and sigraft for all occupational groups, including

managers. Again, it is useful to compare the efféctthe average level of training in the

sample displayed in Table A. Depending on the oatiap, ICT adoption is associated with

an increase in the incidence of training by 5 t&18nd an increase in training hours by 10 to
15%.

This first set of results suggests that the intelaaour market still plays a key role in the
adjustment of the skill level of the workforce imfis that intensely use new information and
communication technologies. This is confirmed iingsalternative indicators of internal and
external labour market strategies. If estimating torrelation between ICT adoption and
entry and exit rates in the various occupations {&&ble 2 — Panel 2.1), we do not find any
significant association except for the hiring ofheicians and supervisors and, to a lower
extent, for managers and professionals. This isistent with the reduced role of external
labour market strategies which play a role onlyotigh upgrading firms' occupational
structure at the higher end — see Table 1 panki €ontrast, when estimating the correlation
between ICT adoption and promotion rates to marnageositions, we do find a significant
association, in particular if considering promosidrom the three lowest skilled groups (blue-
collars, clerks, technicians and supervisors) tmagars and professionals — see Table 2 —
Panel 2.2. Promotions from technicians and supenvi® managers are also more frequent in
ICT intensive firms. This is also the case for pations from the two lowest skilled groups
(blue-collars and clerks) to the highest two (teclams and supervisors; managers and
professionals) although the correlation is not ifiggnt at conventional levels.

In order to check the robustness of our findings, ty several alternative specificatidhs
We first show that the importance of promotionscaspared to external movements is not
sensitive to the decomposition method that we \Wsealso show that our results are robust to
controlling for employment growth at the plant levi® using alternative measures of ICT
(different thresholds for ICT adoption or, altetiaaly, the share of ICT investment in value-
added) and to controlling for investment in phykicapital. We are also concerned that our
findings could be driven by potentially confoundifectors such as the use of innovative
workplace practices (proxied by quality circlesmstlation of workers' participation) or to the
quality of industrial relations (proxied by the nben of strikes). We show that this is not the

case and that our results remain unchanged if@ting for such factors.

1% Detailed results are available from the authonuquest.
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The important role of the internal labour marketpgrading the skill level of the workforce

therefore seems to be quite resilient in Francenan the context of development of new
ICT. One can wonder however whether this form aihbo resource management is to be
found in all firms or whether there is some heteragty in firms' strategies and along which

dimensions.

3.2 Heterogeneity in firms' skill upgrading stratedes

A first potential dimension of heterogeneity in odata has to do with industry. Skill
upgrading practices are likely to be different asreectors, if anything because the needs and
the relative cost of each strategy are likely tallfierent. Given the fact that our sample over-
represents the manufacturing sector, our resulisnmofbe representative of the average trend

in the French economy. A disaggregated analyslseiefore needed.

When splitting our sample across manufacturing serdices, our results suggest that there
are indeed some differences, in particular withpees to the use of training. Table 3.1
suggests that ICT-intensive firms in the manufaotusector heavily rely on promotions in
order to upgrade the skill level of their workfor&excess turnover is used to a limited extent
for clerks and blue-collars. But the dominant gggtis based on training with ICT-intensive
firms providing significantly more training thanhatrs to all categories of workers. Regarding
services (see Table 3.2), the same pattern is\odx$éor changes in the occupational structure
with promotions accounting for most of the skillgnpding. In contrast, firms in the service
sectors appear to rely rather little on trainingewlusing ICT, the only significant correlation

being for blue-collars.

This heterogeneity in skill upgrading strategiesoas sectors is, to a large extent, robust to
taking into account other potential sources of togfeneity (see Table 4). The skill upgrading
strategies chosen by firms are likely to vary asra@variety of dimensions. In particular, one
would expect internal labour markets to be larget better organised in large firms than in
smaller ones. In contrast, the external labour etaik potentially more attractive in high-
density local labour markets because it is likelpffer a greater variety of skills. Eventually,
skill upgrading strategies may be different betwbigh and low-tech sectdrsbecause the
use of the Internet/Intranet is likely to be diffat in both types of industries.

! Sectors are classified as being low or high-techtte basis of the latest OECD 4-digit classifiwatfor
manufacturing sectors (see Hatzichronoglou, 1@®id on the basis of the 4-digit classificationgmsed by the
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Our results suggest that there is indeed some dugteeity across several of these
dimensions. The direct effects of the size andlltd@our market density variables suggest
that these affect to a certain extent firm's skgbrading strategies. Large firms essentially
rely on promotions to upgrade the occupationalcsting of their workforce (in favour of
technicians and supervisors and, to a lesser eateghe expense of clerks) and they rely less
on excess turnover for both categories. More ingmtly, training is strongly correlated with
size with large firms providing greater access amate training hours to all categories of
workers. Interestingly, being located on a highsiigriocal labour market is correlated with a
lower turnover for technicians and clerks, whicma in line with the idea that high density
on the local labour market should make externdl skgrading strategies more attractive to
firms. Eventually, belonging to a high-tech seatioes not seem to be strongly associated
with firms' skill strategies. The only exceptiontlsat the high-tech variable is negatively
correlated with excess turnover for blue-collard gositively correlated with the number of
training hours for clerks (at the 10% level).

Moreover, the correlation between ICT adoption akitl upgrading strategies is sometimes
quite different across firm size, type of local dab market and technological level of the
sector. This is the message conveyed by the caeftec we get on the interaction terms
between Internet/Intranet and our control variabldse density of the local labour market
tends to increase the reliance of ICT-intensivendirupon promotion, in particular for
managers and blue-collars (at the 10% significalesel), contrary to what could be
expected? However, it also increases firms' reliance on sgdernover for technicians and
clerks when adopting ICT, which is consistent with idea that denser labour markets offer a
wider choice of skills and are thus likely to beffie firms' needs. In contrast, skill upgrading
strategies associated with the use of ICT do neins® be very heterogeneous across firm
size, except for promotions which tend to be re&yi more important for clerks and less so
for technicians (at the 10% level). Similarly, bgeim high rather than low-tech sectors does
not massively affect the skill upgrading strateguésiICT-intensive firms. One exception,
however, is that the latter provide more trainirayifs (at the 10% level) to technicians and

blue-collars in high-tech sectors.

European Foundation for the Improvement of Livimgl &/orking Conditions for service sectors (see paem
Monitoring Center on Change, 2006).

12 A tentative explanation could be that, if in demseal labour markets, firms are able to hire woskthat
match their needs more closely; these successfalicles” are then more likely to lead to promotions.
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The differences between manufacturing and senace®ssentially robust to the introduction
of these additional controls. The increase in theres of managers and technicians is smaller
in ICT-intensive service firms than in ICT-intensivmanufacturing firms, but there is no
difference in the respective roles of promotionssus external movements in achieving these
changes. One important difference which was ndkisty when splitting the sample across
sectors is that labour turnover is much higher envises than in manufacturing for all
categories of workers. The specificity of servieath respect to training is confirmed: ICT-
intensive firms rely less on training for all cabeigs of workers, with the coefficients being
significant for managers and, to a lesser extamtbfue-collars (when considering training
hours). One reason for this may be the high let@élimover. If the type of training required
when firms adopt ICT is more costly than usuatay well be the case that service firms are
more reluctant to train their workers given theigher probability to leave than in the
manufacturing sector. The causation may also goother way round in some services.
Wherever jobs are low-quality and low-paid, tragis scarce. In such cases, it may well be

poor job quality that leads to high labour turngvather than the other way round.

Overall, our results highlight some heterogeneitthie skill upgrading strategies of firms that
have adopted ICT. Nonetheless, the message conbgyedr results is that the reliance on
internal labour markets remains quite widespreaBrance even in firms that have adopted

new information and communication technologies.

4. Discussion and concluding remarks

In this paper, we have taken a fresh look at the d& internal labour markets in a period of
rapid technological change. Our results suggestitiey vividly resist in France even in firms

that have introduced information and communicatemhnologies.

As already evidenced by many papers in the liteeatlCT adoption is associated with an
upward shift in firm's occupational structure. Bu¢ show that in our sample, this is largely
achieved through promotions rather than entries eits from and to the external labour
market. Moreover, when introducing new technologfeshns massively rely on training in
order to upgrade the skill level of their workforaghereas the use of excess turnover as a
provider of new skills remains very limited. Thissistance of internal labour markets even

where ICT are intensely used is widespread acioss,fwhatever their size or technological
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level. It is slightly stronger in low-density labounarkets and in manufacturing where
training is more frequently used than in servicemtrease the skill level of workers.

Let us underline that, as all the literature orll¢kased technical change, our results only
capture the short-term relationship between ICTpado and skill upgrading strategies. If

there are lags in the way ICT affect firms' skitusture, our results will capture at most what
happens in the first two years following the shdgiken that we are working on the 1996-
1998 period).

We also need to insist upon the fact that our egés1do not prove a causal relationship:
although we introduce a rich set of controls teeralt some of the most likely sources of
spurious correlations, the ICT variable remainepbally endogenous and we are not able to
exhibit plausible instruments to solve that prohlénnetheless, our results suggest that the
intensive use of ICT does not preclude human resounanagement strategies based on
internal labour marketsnternal labour markets and ICT can coexistoreover, our findings
make a large negative impact of ICT on internalolabmarkets rather unlikely. Indeed,
reconciling a large negative causal impact with finding of a robust, positive correlation
would require that some unobserved variables cieédege upward bias in our estimates. Let
us consider two types of mechanisms that could rgémesuch a bias, and examine whether
they are consistent with the evidence we provide.

The first mechanism is one of spurious correlatidoe to unobserved shocks at the firm
level. A first possibility would be that firms thate hit by unfavourable shocks (say, a falling
demand for their product) have to cut costs. To ¢imal, they adopt cost saving technologies;
they also downsize, and the burden of the adjudtrieemisproportionately born by the
unskilled. This sequence of events would generagpuaious correlation between ICT and
upgrading of the occupational structure throughiesitand exits. Therefore, wrongly ignoring
the potential role of unobserved shocks would ma&eoverestimate thexternal labour
market response to ICT adoption. This rather rea&® our result on the predominance of
internal adjustments. However, unobserved shocks may atsk tlve other way round. Firms
that are hit by a positive shock may introduce mestinologies (because they have more cash
available for investment). They may also mechatjgatrease their training investment: The
French regulation on the financing of continuowsning is such that over the 1996-1998
period, all firms had to spend at least 1.5% ofrtix@ge bill on training. For the firms for
which this constraint is binding, any positive skdicat raises the wage bill will mechanically

generate an increase in training expenditure. is ¢hse, the positive correlation we find
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between new technologies and training may be spsirim order to check whether this is the
case, we re-ran our training regressions on thesauniple of firms spending more than 2% of
their wage bill on training. For these firms, tlegdl minimum is not binding so there is no
reason that an increase in their wage bill shoedd! Ithem to invest more in training. When
doing this, our results are virtually unchane®f course, one can imagine other sources of
unobserved heterogeneity that would drive the tesduriously. Bloom et al. (2008) suggest
that the origin of capital could be one of themeylshow that US multinationals operating in
Europe are more IT-intensive than non-US multimetle (and get a higher productivity from
IT) and that their IT advantage is primarily duanore efficient human resource management
practices. In order to make sure that our cormtabetween IT and internal labour market
strategies is not driven by US-owned firms, we oaled for the origin of capital (US versus
non-US) in our baseline regression. The resultdedtainchanged. Of course, this does not
rule out other possible sources of unobserved bgéeeity. This is why we remain cautious

in interpreting our results.

The second mechanism is related to a policy chdngetook place in France in the mid
1990s. Starting in 1993, successive governmente rdvoduced fiscal measures to reduce
the labour cost of low-wage workers. These payatl cuts have had the largest impact on
firms employing a high proportion of low-skill wogks. As a result, these firms were less
induced to adopt new technologies (as long as &hneysubstitutes to unskilled labour) while
they had incentives to hire even more low-skill kers. Again, this would lead us to
overestimate the impact of ICT adoption on exteradjustments: the share of low-skKill
workers would increase through entries and exitgnms less prone to adopt ICT. The impact
of the payroll taxes on internal adjustments islesrc Low-wage firms might refrain from
promoting and training their workers, by fear ofreasing wages above the level eligible for
the tax exemption. This, however, does not condegh-wage workers whose training
appears to be highly correlated with new techne@®gn our data. Moreover, the additional
contingents of low-wage workers paid at the minimwage would probably not get much
wage increase following training, given that thgioductivity would, most probably, remain
below the minimum wage. Overall, it is unclear Wietthe payroll tax cuts should have

induced lower training and fewer promotions in frfass likely to adopt ICT. Therefore, it is

3 The coefficients (standard errors) of the Intetnganet variable in the regression for the prdipor of

trainees are: 4.15 (2.18) for managers and prafiesks, 8.61 (3.83) for technicians and supervisb&? (2.39)
for clerks and 3.72 (2.97) and for blue-collarse Woefficients (standard errors) of the Internétéinet variable
in the regression for the intensity of training:a2e38 (1.13) for managers and professionals, 81081) for

technicians and supervisors, 1.77 (0.95) for clarks 2.45 (0.92) for blue-collars.
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unclear why our finding of a positive correlatioetlween ICT and internal labour market

strategies should be driven by this policy change.

Overall, we view our results as providing evidetita internal labour markets have remained
a viable human resource management strategy farckrérms even when adopting new
information and communication technologies. A questaised by these results is to what
extent they may be generalised. France is indeetacterised by strict employment
protection legislation (Venn, 2009) and this maythe very reason why internal labour
markets have survived: firms would rely on intermajustments because going on the
external labour market would simply be too costty.that case, the resilience of internal
labour markets in a context of rapid ICT expansi@uld be largely idiosyncratic or, at least,
specific to high-EPL countries. The evidence wevygl® does not quite go in that direction.
We indeed find strong differences in internal labmarket adjustments across manufacturing
and services — with more training being used inftmmer and more labour turnover in the
latter - whereas both sectors face the same emplalyprotection legislation. Similarly, the
reliance on external adjustments varies accordinthé density of the local labour market
whereas EPL is equally strict all over the Frenetitory. As a consequence, EPL cannot
entirely account for the resilience of internal dab markets in France. Moeover, recent
evidence by Bassanini et al. (2007) suggests ttetatnount of training provided by firms
would actually be negatively correlated to emplogi@otection legislation. In order to get a
better understanding of these relations, a direatparison of France with other countries

would be potentially very fruitful. This appearslte a promising avenue for future research.
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Table 1
ICT Adoption and Skill Upgrading Channels

Managers and Technicians and
professionals supervisors Clerks Blue collars

A. Overall changes in the occupational structure

Internet/Intranet 1.13%** -0.12 -0.65** -0.36
(0.22) (0.30) (0.30) (0.34)
Obs 1114 1114 1114 1114

B. Internal movements

Internet/Intranet 0.80*** 0.12 -0.58* -0.34
(0.20) (0.31) (0.30) (0.32)
Obs 1114 1114 1114 1114

C. External movements

Internet/Intranet 0.30* -0.26 -0.04 0.00
(0.17) (0.22) (0.20) (0.25)
Obs 1114 1114 1114 1114

D. Excess turnover

Internet/Intranet 1.18 3.15 9.52 -7.70
(1.98) (2.56) (6.89) (13.82)
Obs 1090 1094 1104 1046

E. Number of trainees (per 100 workers)

Internet/Intranet 3.40 7.43* 5.50%** 3.81*
(2.06) (3.14) (1.93) (2.31)
Obs 1097 1052 1087 909

F. Training hours per worker

Internet/Intranet 3.04%* 3.31% 2.06%* 2.24%%x

(0.98) (0.93) (0.76) (0.72)
Obs 1095 1042 1083 907
Notes:

(1) Robust standard errors in parentheses

(2) *** p<0.01, ** p<0.05, * p<0.1

(3) A separate OLS regression is run in each pamelfor each occupational
category. Each regression includes controls fantgdize (dummy variable for
plants with more than 200 employees), being locaieda labour market
whose density is higher than the median, multil#isfament firms, public



sector companies, listed companies, presence ahudélegates, share of
women in the labour force, part-time work (dummyiahle for firms with
more than 5% of workers being part-time) and 15osec
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Table 2 ICT adoption and alternative measures
of internal vs external labour market strategies

Panel 2.1 ICT Adoption, Exit and Hiring Rates

Managers and Technicians and

professionals supervisors Clerks Blue collars
A. Exit rate
Internet/Intranet 0.00 0.02 0.05 -0.03
(0.01) (0.01) (0.03) (0.07)
Obs 1090 1094 1104 1046
B. Hiring rate
Internet/Intranet 0.02 0.03* 0.06 -0.03
(0.02) (0.02) (0.04) (0.07)
Obs 1090 1094 1104 1046

Panel 2.2 ICT Adoption and promotion rates

Promotion rate from

blue-collars, clerks or Promotion rate Promotion rate
technicians to from blue-collars or ~ from technicians
managers and clerks to managers  to managers and
professionals and professionals professionals
Internet/Intranet 0.02%** 0.05 0.11*
(0.01) (0.03) (0.07)
Obs 1114 1114 1094

Notes:

(1) Robust standard errors in parentheses

(2) *** p<0.01, ** p<0.05, * p<0.1

(3) A separate OLS regression is run in each panelfor each occupational
category or type of promotion. Each regressioruites controls for plant size
(dummy variable for plants with more than 200 ergpks), being located on
a labour market whose density is higher than thdiame multi-establishment
firms, public sector companies, listed companiess@nce of union delegates,
share of women in the labour force, part-time wa@kmmy variable for firms
with more than 5% of workers being part-time) aBdséctors.



Table 3.1
ICT Adoption and Skill Upgrading Channels in Manufa  cturing Sectors

Managers and Technicians and
professionals supervisors Clerks Blue collars

A. Overall changes in the occupational structure

Internet/Intranet 1.05%** -0.42 -0.20 -0.43
(0.26) (0.35) (0.26) (0.39)
Obs 641 641 641 641

B. Internal movements

Internet/Intranet 0.80*** -0.16 -0.11 -0.53
(0.23) (0.35) (0.25) (0.36)
Obs 641 641 641 641

C. External movements

Internet/Intranet 0.24 -0.15 -0.13 0.03
(0.19) (0.23) (0.17) (0.29)
Obs 641 641 641 641

D. Excess turnover

Internet/Intranet -1.07 4.04 10.31** 8.99*
(1.33) (3.16) (4.27) (5.20)
Obs 635 634 634 634

E. Number of trainees (per 100 workers)

Internet/Intranet 8.68%* 13.04%* 8.03%* 4.10%
(2.45) (4.48) (2.59) (1.94)
Obs 633 625 624 629

F. Training hours per worker

Internet/Intranet 4.67*** 4.40*** 3.69%** 1.85%
1.27) (1.12) (2.07) (0.82)
Obs 631 620 622 629
Notes:

(1) Robust standard errors in parentheses

(2) *** p<0.01, ** p<0.05, * p<0.1

(3) A separate OLS regression is run in each pandl for each occupational
category. Each regression includes controls fontptze (dummy variable for

plants with more than 200 employees), being located labour market whose
density is higher than the median, multi-establishinfirms, public sector

companies, listed companies, presence of uniorgdtds, share of women in the
labour force, part-time work (dummy variable fornfis with more than 5% of

workers being part-time) and 7 manufacturing sudtcss.
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Table 3.2
ICT Adoption and Skill Upgrading Channels in Servic e Sectors

Managers and Technicians and
professionals supervisors Clerks Blue collars

A. Overall changes in the occupational structure

Internet/Intranet 1.07*** 0.40 -1.37** -0.10
(0.38) (0.52) (0.65) (0.63)
Obs 473 473 473 473

B. Internal movements

Internet/Intranet 0.70* 0.53 -1.25* 0.03
(0.38) (0.58) (0.67) (0.61)
Obs 473 473 473 473

C. External movements

Internet/Intranet 0.30 -0.34 0.04 -0.01
(0.30) (0.43) (0.43) (0.44)
Obs 473 473 473 473

D. Excess turnover

Internet/Intranet 3.68 2.38 9.05 -32.38
(4.91) (4.52) (15.73) (33.72)
Obs 455 460 470 412

E. Number of trainees (per 100 workers)

Internet/Intranet -3.65 -0.20 2.51 4.34
(3.59) (4.16) (3.03) (6.38)
Obs 464 427 463 280

F. Training hours per worker

Internet/Intranet 0.88 1.50 -0.27 2.93**
(1.51) (1.63) (1.04) (1.42)
Obs 464 422 461 278
Notes:

(1) Robust standard errors in parentheses

(2) *** p<0.01, ** p<0.05, * p<0.1

(3) A separate OLS regression is run in each pameélfor each occupational category. Each
regression includes controls for plant size (dumragiable for plants with more than 200
employees), being located on a labour market whessity is higher than the median, multi-
establishment firms, public sector companies, distempanies, presence of union delegates,
share of women in the labour force, part-time w@kmmy variable for firms with more than
5% of workers being part-time) and 8 service sutcss.
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Table 4
ICT Adoption and Skill Upgrading Channels:
The role of size, labour market density and sector.

Managers and Technicians and
professionals supervisors Clerks Blue collars

A. Overall changes in the occupational structure

Internet/Intranet 0.45 1.01 -0.26 -1.20*
(0.51) (0.69) (0.64) (0.70)
Large -0.12 1.03** -0.29 -0.62
(0.20) (0.30) (0.33) (0.40)
Internet/Intranet x Large -0.09 -0.89 0.99 -0.01
(0.49) (0.64) (0.63) (0.66)
High Density 0.25 -0.03 0.11 -0.33
(0.26) (0.40) (0.41) (0.47)
Internet/Intranet x High Density 0.65 -0.58 -1.15 1.08
(0.51) (0.68) (0.70) (0.71)
Services -0.46* -0.77*%* 0.32 0.91
(0.27) (0.39) (0.51) (0.57)
Internet/Intranet x Services 0.15 0.27 -0.88 0.46
(0.51) (0.63) (0.69) (0.70)
Hightech -0.20 0.18 0.71* -0.69
(0.33) (0.38) (0.35) (0.47)
Internet/Intranet x Hightech 0.77 -1.22* -0.72 1.17*
(0.54) (0.63) (0.61) (0.67)
Obs 1069 1069 1069 1069

B. Internal movements

Internet/Intranet 0.28 1.47** -0.72 -1.02
(0.46) (0.72) (0.61) (0.70)
Large -0.34 1.10%* -0.61* -0.16
(0.21) (0.32) (0.35) (0.37)
Internet/Intranet x Large 0.13 -1.14* 1.14* -0.13
(0.45) (0.67) (0.66) (0.65)
High Density 0.20 0.36 0.09 -0.65
(0.20) (0.41) (0.42) (0.47)
Internet/Intranet x High Density 0.89* -1.02 -1.06 1.19*
(0.47) (0.74) (0.74) (0.71)
Services -0.27 -0.46 -0.09 0.82
(0.29) (0.42) (0.50) (0.53)
Internet/Intranet x Services -0.23 0.27 -0.67 0.64
(0.44) (0.67) (0.69) (0.67)
Hightech -0.21 0.42 0.22 -0.43
(0.31) (0.40) (0.34) (0.42)
Internet/Intranet x Hightech 0.32 -1.12* -0.12 0.92
(0.46) (0.65) (0.61) (0.63)
Obs 1069 1069 1069 1069

(...)



Internet/Intranet

Large

Internet/Intranet x Large

High Density

Internet/Intranet x High Density
Services

Internet/Intranet x Services
Hightech

Internet/Intranet x Hightech

Obs

Internet/Intranet

Large

Internet/Intranet x Large

High Density

Internet/Intranet x High Density
Services

Internet/Intranet x Services
Hightech

Internet/Intranet x Hightech

Obs

(..

Table 4 — follow (1)

Managers and

Technicians and

professionals supervisors Clerks Blue collars
C. External movements
0.03 -0.32 0.62 -0.33
(0.38) (0.53) (0.43) (0.55)
0.16 -0.09 0.41* -0.48
(0.16) (0.23) (0.23) (0.30)
-0.04 0.11 -0.34 0.27
(0.35) 0.47) (0.41) (0.50)
0.06 -0.24 0.30 -0.12
(0.23) (0.29) (0.29) (0.39)
-0.16 0.23 -0.25 0.18
(0.42) (0.52) (0.45) (0.53)
-0.10 -0.20 0.12 0.18
(0.22) (0.32) (0.31) (0.37)
0.31 -0.13 -0.04 -0.14
(0.42) (0.50) (0.49) (0.55)
0.04 -0.25 0.40 -0.19
(0.25) 0.27) (0.29) (0.40)
0.44 -0.01 -0.66 0.23
(0.40) (0.45) (0.43) (0.53)
1 069 1069 1069 1069
D. Excess turnover
-1.84 1.38 -6.50 42.14*
(4.11) (9.41) (14.16) (24.06)
-0.10 -12.14* -22.73** 20.44
(4.28) (7.04) (8.97) (35.89)
-1.19 2.69 20.22 -49.99
(4.51) (7.45) (15.98) (38.67)
-3.47 -10.77** -16.44* -29.46
(4.32) (5.05) (9.64) (22.23)
3.72 12.13** 43.37* 32.26
(5.53) (5.53) (21.76) (22.83)
14.25** 19.60*** 63.60*** 49.40*
(5.70) (5.45) (9.84) (26.43)
3.55 -8.65 -18.48 -55.77*
(4.92) (7.11) (14.73) (30.87)
1.18 1.10 0.61 -17.53**
(2.34) (2.57) (5.72) (7.95)
1.96 -2.74 -2.81 -2.98
(3.19) (5.17) (13.32) (16.68)
1045 1049 1059 1 005
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Table 4 —follow (2)

Managers and Technicians and
professionals supervisors Clerks Blue collars

E. Number of trainees (per 100 workers)

Internet/Intranet 12.13* 8.03 9.26* 3.76
(5.04) (5.53) (4.90) (4.50)
Large 12.36*** 15.48*** 8.53*** 9.04*
(2.78) (3.55) (2.59) (4.62)
Internet/Intranet x Large -5.27 -4.76 -2.50 -2.54
(4.36) (5.30) (4.32) (5.51)
High Density -1.75 -1.45 -1.93 -0.17
(3.22) (3.91) (2.81) (3.76)
Internet/Intranet x High Density 2.39 3.98 0.98 -0.65
(4.56) (5.50) (4.41) (4.94)
Services 4.52 2.80 -2.14 8.18
(3.62) (4.40) (3.51) (5.82)
Internet/Intranet x Services -16.02*** -7.73 -4.81 -3.00
(4.94) (5.91) (5.15) (5.81)
Hightech -5.26 -5.42 1.95 3.59
(3.51) (4.70) (3.49) (2.58)
Internet/Intranet x Hightech 1.26 2.69 -1.97 2.39
(4.27) (5.20) (4.96) (3.99)
Obs 1052 1009 1043 871

F. Training hours per worker

Internet/Intranet 6.09** 291 3.79%* -1.19
(2.47) (2.03) 1.74) (1.57)
Large 6.73%+* 5.40%** 3.59%** 2,14
(1.33) (1.25) (0.91) (0.74)
Internet/Intranet x Large -1.91 -0.20 -1.52 2.07
(2.13) (2.06) 1.72) (2.47)
High Density 0.32 0.28 0.82 0.18
(1.37) (1.34) (1.17) (0.85)
Internet/Intranet x High Density -1.40 -0.32 -1.87 0.33
(2.12) (2.18) (1.67) (1.84)
Services 1.03 2.51* 1.45 0.06
(1.49) (1.44) (1.18) (1.19)
Internet/Intranet x Services -4.44* -2.01 -2.88* 2.35
(2.34) (2.14) (1.73) (2.90)
Hightech 1.32 1.94 2.34* -0.56
(1.62) (1.33) (1.24) (1.08)
Internet/Intranet x Hightech 0.63 3.63* 1.54 2.80*
(2.19) (1.95) (1.85) (1.62)
Obs 1051 1001 1040 869
Notes:

(1) Robust standard errors in parentheses. *** @£0** p<0.05, * p<0.1

(2) A separate OLS regression is run in each panel for each occupational category. Each
regression includes controls for plant size (dumwariable for plants with more than 200
employees), multi-establishment firms, public sectampanies, listed companies, presence of union
delegates, share of women in the labour force;tpag work (dummy variable for firms with more
than 5% of workers being part-time) and 15 sectors.

(3) High Density indicates that local labour mar#tetisity belongs to the highest quartile.
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(3) The coefficient for "Services" is computed be tifference between the coefficients for the
eight 2-digit service sub sectors and the seveigi24hanufacturing sub sectors, weighted by the

shares of each sub sector.
(4) The "Hightech" indicator uses the OECD defoiti applied to 712 4-digit sub sectors.
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Appendix

Table A
Descriptive Statistics

Internet/Intranet=0 Internet/Intranet=1 Manufacturing Services

All plants
Change of labor share (in %)
Managers and professionals 0.77 0.33 1.65 0.93 0,54
Technicians and supervisors 0.56 0.63 0.44 0.72 0,36
Clerks -0.38 -0.15 -0.84 -0.27 -0,53
Blue collars -0.95 -0.81 -1.24 -1.38 -0,37
Change of labor share through internal movements (in %)
Managers and professionals 0.92 0.60 1.55 0.90 0,93
Technicians and supervisors 0.79 0.73 0.92 0.96 0,56
Clerks -0.64 -0.38 -1.16 -0.41 -0,95
Blue collars -1.07 -0.95 -1.31 -1.46 -0,55
Change of labor share through entries and exits (in %)
Managers and professionals -0.07 -0.18 0.15 0.07 -0,26
Technicians and supervisors -0.13 0.00 -0.41 -0.17 -0,09
Clerks 0.18 0.13 0.29 0.14 0,25
Blue collars 0.02 0.04 -0.02 -0.04 0,10
Excess turnover (in %)
Managers and professionals 24.12 25.04 22.29 18.54 31,89
Technicians and supervisors 25.13 27.38 20.67 13.95 40,55
Clerks 61.10 61.07 61.16 30.13 102,88
Blue collars 49.93 53.38 42.79 27.21 84,89
Number of trainees per 100 workers
Managers and professionals 59.60 56.71 65.38 60.58 58,27
Technicians and supervisors 59.59 55.47 67.94 60.94 57,62
Clerks 41.27 37.88 48.06 43.82 37,83
Blue collars 34.18 32.04 39.14 34.17 34,22
Hours of training per worker
Managers and professionals 21.45 19.54 25.24 22.70 19,75
Technicians and supervisors 19.45 17.55 23.30 19.97 18,69
Clerks 12.07 10.87 14.47 13.08 10,70
Blue collars 9.49 8.27 12.31 10.31 7,63
Internet/Intranet 0,33 0.00 1.00 0.34 0.32
Indicator for plant with more than 200 workers 0,53 0.48 0.62 0.62 0.40
Indicator for dense local labor market 0,25 0.21 0.34 0.20 0.32
Indicator for service sector 0,42 0.43 0.41 0.00 1.00
Indicator for multi-establishment firm 0,60 0.57 0.66 0.63 0.56
Indicator for public sector 0,03 0.03 0.05 0.02 0.05
Indicator for listed company 0,43 0.38 0.54 0.55 0.27
Indicator for presence of union delegates 0,77 0.76 0.81 0.84 0.69
Share of women (%) 35,13 35.91 33.54 25.98 47.53
Indicator for part-time work (>5% of
workforce) 0,37 0.37 0.38 0.22 0.58
Number of observations 1114 747 367 641 473
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Data appendix

In this appendix, we detalil the key steps takepr@paring the data. The data sources are
described in the data section in the text. In aoiditthe data on local labour market
density (the number of employed and unemployed ®&markper square kilometres,
computed over 348 local labour markets) comes ttwer1990 population census.

Merging the different datasets

We start from a sample of 2,975 plants from the BEBE (1998) survey, with
information on ICT adoption as well as key firm gudnt characteristics. Matching the
RESPONSE sample with the DMMO-EMMO, ESE and 24-@3ces yields a sample of
1,537 plants.

The relatively low matching rate (53%) is due, artzular, to the fact that the EMMO is
not an exhaustive data source (plants are sampkedate that depends on their size) and
that the 24-83 fiscal forms are not systematicadigied.

In order to achieve this matching rate, we extrafgosome of the missing data, using the
following procedures:

- when a plant is only present for 1 (resp. 2) of 3hgears in the 24-83 database,
we compute the training variables as averages b{iasp. 2) years instead of 3;

- when a plant is missing for some quarters in argiear in the EMMO-DMMO
data, we extrapolate the entries and exits in eachpation from the entries and
exits observed during the rest of the year; ifampls missing during one (or two)
of the three years, we extrapolate entries ang é&xim the other years.

Though these extrapolations introduce measurenrentt i@ the movement and training
variables, this does not bias the estimates ase thes dependent variables in the
regressions (it might, however, make them lessigggcMoreover, we checked that
restricting the sample to those plants that havaptete DMMO-EMMO information
does not significantly alter the results. Our resalre indeed a little less precise when
using extrapolated information. The point estimaies generally a bit smaller, but not
significantly.

In order to get information on investment rates andiCT expenditure, we match our
main dataset with the EAE. Given that the EAE i$ exhaustive, we end up with 874
firms in this subsample. So, we only use it to aadobustness checks.

Outliers and consistency checks

It appeared that for some of the plants, the tnginnformation had been misreported
(possibly inverted) for skilled and unskilled blgellars in 1997 and 1998, leading to

implausible training rates. As we lacked informatto correct the errors, we decided to
aggregate the two categories in a single blue+coltaupation. In addition to this, a few

observations had outlying values for the numbedrahees for some years. We corrected
these observations when possible, or set themdsimgj.
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We then performed several consistency checks @ 1687 plant sample. First, we
checked that the total plant size declared in t8& Boes not differ too much from the
one declared in the DMMO-EMMO sources, at the beigim and at the end of our period
(Dec 31, 1995 and Dec 31, 1998). We drop all plémtsvhich the difference is more

than 20% or represents at least 10 workers. Wedésie robustness of our results to
other thresholds; the main findings are not afigcte

Second, we checked for outliers in the changelarotcupational structure. We dropped
plants for which the sum of the absolute changekarshare of the different occupations
is more than 60% and represents more than 10 workée results are not sensitive to
using a stricter threshold.

With these filters, the benchmark sample has 1dladts. Dropping any kind of filter
and using the 1537 observations does not signtficanpact our results on training, but
does affect those concerning internal and extemalvements. However, once a
minimum level of consistency across data sourcesgsired, the tightness of the filters
we use does not matter.

Last, we also considered a sample where we restrigpward internal mobility for
managers and professionals and downward internailityofor unskilled blue collars.
The idea is that managers cannot be downgradedhaheho one can be promoted to an
unskilled blue collar position. We first considesstaict limit, but as it appears that the
median of internal promotion for unskilled workewgas O (though obviously not
symmetrically distributed), we eventually settleadess strict limit (+/-2) allowing for
measurement errors (in the first case the sampiaics about 550 observations, and
about 950 in the second case). When using the stifie, results do shift a bit, but the
sample size is also divided by 2. However, whengigie less strict rule of +/-2, results
are in line with our benchmark.

Sample selection

Our main sample being constructed by matching ferdiht sources, sample selectivity
may be an issue.

First, a few observations may be lost due to th&chiag procedure. Firms are matched
on a national firm identifier (SIREN), managed HyetFrench statistical institute
(INSEE). A few identifier changes may occur ovez 8iyear period, in particular due to
mergers; it is however reasonable to put thesesfaside, as the merger may disrupt the
link between HR management practices and technadgption.

More importantly, the main reason for the relatielw matching rate (53%) is that 2 of
the 5 main datasets (EMMO and 24-83) are not exivausin these two datasets,
however, we have random sampling of the total patpn, with sampling probabilities
varying by firm size. Sample selectivity bias ierd#fore not an issue, even though the
analysis sample is not representative of the Inptigoulation anymore. Instead of using
sampling weights in the analysis, we prefer to khtde robustness of our estimates by
stratifying the sample (or adding interaction ternmstwo key dimensions: firms’ size
and firms’ industry (services vs. manufacturing).
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A second concern is that, by construction, onlyj§irsurviving over the 1996-98 periods
can be used in the analysis. We cannot rule oupleaselectivity issues here. As we do
not observe ICT adoption at the beginning of theogk it is not possible to analyse the
selective survival of firms, or to implement sampétectivity corrections. The discussion
of the possible bias is somewhat speculative. Hewewne believe that, if anything, our
key finding should be reinforced. What we are pattirly missing are the external
movements that would appear if some firms werenghrg instead of closing. A likely
hypothesis is that firms that do not adopt ICT lass likely to survive, so that we are
disproportionately missing external movements amaowg-adopters. We therefore
probably overestimate the correlation between aatemovements and ICT adoption.
Consequently, it seems that correcting for samgliecsivity would reinforce our finding
that internal labour markets play a larger rolentttee external labour market in a context
of ICT adoption.
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