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Non-Technical Abstract

Outsourcing, or the contracting out of activitiestibcontractors outside the firm,
has become more widespread in recent years. For@eaMagnani (2006) reports that
the cost share of purchased services in U.S. metowiiag industries grew from 4.4% in
1949 to 12% in 1998. Similar increases in outsagrtiave been observed in Europe as
well. A large theoretical literature has examinee determinants of the decision to
outsource, or, more generally, the organizatioprofiuction. Outsourcing parts of the
production of a final product is costly becausé¢hef costs associated with searching and
finding an appropriate input supplier and, moreontantly, because contracting with
outside suppliers may be imperfect if some attabudf the outsourced inputs are not
verifiable by third parties. This limits contraagipossibilities and creates a potential
hold-up problem. These ideas go back to Williamd@y5, 1985) and Grossman and
Hart (1986) and have been recently incorporatemimdustry equilibrium models by
Grossman and Helpman (2002) while their implicaitor international trade are
analyzed in Antras and Helpman (2004).

In this project we develop a dynamic model thatlyres how firms’
expectations with regards to technological chanfiaences the demand for outsourcing
— an issue ignored in the previous models — anttaadtgrom other considerations (e.g.,
transaction costs, specificity, etc.). We show thasourcing becomes more beneficial to
the firm when technology is changing rapidly. Tihition behind the model is that the
more frequent innovations in technology arrive, l¢ss time the firm has to amortize the
sunk costs associated with an obsolete technof@gtsourcing enables the firm to
purchase from supplying firms that are using thesliatechnology and avoid the sunk
costs. Our model provides an explanation for tleemeincreases in outsourcing that have
taken place in an environment of increased expeatafor technological change.

We test the predictions of the model using a pdatdset on Spanish firms for the
time period 1990 through 2002. This dataset iSqa#rly useful for our purposes
because, in each survey year, the firms were askether they contracted with third
parties for the manufacturing of custom-made fiadsproducts or parts. In addition, the
dataset contains information on the firm’'s R&D exgieures, an ideal proxy for expected
technological change. Our econometric analysisrotsnfor unobservable fixed
characteristics of the firms and also uses instriateariables techniques to deal with
the potential endogeneity of our technological gfeameasure. The empirical results
support the main prediction of the theoretical modamely, that all other things equal,
the demand for outsourcing increases with the fmtibaof technological change.

This research project is unique in that it provideth a theoretical and empirical
analysis of the impact of technological change witsaurcing using firm-level panel
data. Related research is the work by Magnani (@06 found, using industry-level
data for the U.S., that outsourcing was facilitdtgdechnological diffusion, and
Abramovsky and Griffith (2006) who found that infieation and communications
technology-intensive firms in the U.K. were moikely to purchase a greater amount of
services on the market. Other research has foudémae that firms engage in
outsourcing in response to unpredictable variatiordemand (Abraham and Taylor,



1996), to take advantage of the specialized knoydexf suppliers (Abraham and Taylor,
1996), and to save on labor costs (Autor, 2003zDara, 2005; and Girma and Gorg,
2004).



|. Introduction

Outsourcing, or the contracting out of activitiestibcontractors outside the firm,
has become more widespread in recent decadesx&mpée, Magnani (2006) reports
that the cost share of purchased services in UaBufacturing industries grew from
4.4% in 1949 to 12% in 1998. Similar increasesutsourcing have been observed in
Europe as welt.A large theoretical literature has examined themieinants of the
decision to outsource, or, more generally, the megdion of production. Outsourcing
parts of the production of a final product is cpstécause of the costs associated with
searching and finding an appropriate input supglret, more importantly, because
contracting with outside suppliers may be imperiesbme attributes of the outsourced
inputs are not verifiable by third parties. Thiwilis contracting possibilities and creates a
potential hold-up problerhThese ideas go back to Williamson (1975, 1985) and
Grossman and Hart (1986) and have been recentiyparated into industry equilibrium
models by Grossman and Helpman (2002) while theptications for international trade
are analyzed in Antras and Helpman (2004).

In this paper we present a dynamic model that aealfow firms’ expectations
with regards to technological change influencesdégmand for outsourcing — an issue
not addressed in previous models — while abstrgétom other considerations (e.g.,
transaction costs, specificity, etc.). We show thasourcing becomes more beneficial to

the firm when technology is changing rapidly. Arfican buy the latest technology and

! See Arndt and Kierzkowski (2001), Mol (2005) andradmovsky and Griffith (2006).

2 Baker and Hubbard (2003) consider how informatamhnology in the trucking industry impacts
contracting possibilities and vertical integrati®accara (2007) uses a general equilibrium modsiudy
how information leakages could affect a firm’s @utcing decision as well as its investments in R&D.



produce intermediate inputs in-house. Firms incsurgk cost when adopting new
technologies. Outsourcing, on the other hand, lesdhe firm to purchase inputs from
supplying firms using the latest production teclogglwhile avoiding the new
technology sunk costs. The intuition behind the ehdglthat as the pace at which
innovations in production technology arrive inceegshe less time the firm has to
amortize the sunk costs associated with purchdemgew technologies. This makes
producing in-house with the latest technologieatietly more expensive than
outsourcing, The model, therefore, provides aramgtion for the recent increases in
outsourcing that have taken place in an environragimicreased expectations for
technological change.

We test the predictions of the model using a pdatdset on Spanish firms for the
period 1990 through 2002. This dataset is partrulaseful for our purposes because, in
each survey year, the firms were asked whetherdbetracted with third parties for the
manufacturing of custom-made finished productsastsp In addition, the dataset
contains information on the firm’s R&D expendituras ideal proxy for expected
technological change. Our econometric analysisrotsnfor unobservable fixed
characteristics of the firms and also uses instriateariables techniques to deal with
the potential endogeneity of our technological gfeameasure. The empirical results
support the main prediction of the theoretical modamely, that all other things equal,
the demand for outsourcing increases with the fmtibaof technological change.

Ours is the first paper to provide both a theoattamd empirical analysis of the
impact of technological change on outsourcing uginmgr-level panel data. Magnani

(2006), using industry-level data for the U.S.,rfduhat outsourcing was facilitated by




technological diffusion, while Abramovsky and Gitiff (2006) found that information
and communications technology-intensive firms & thK. were more likely to purchase
a greater amount of services on the market. O#sarch has found evidence that firms
engage in outsourcing in response to unpredictadiations in demand (Abraham and
Taylor, 1996), to take advantage of the specialkreniviedge of suppliers (Abraham and
Taylor, 1996), and to save on labor costs (AutBf3 Diaz-Mora, 2005; and Girma and
Gorg, 2004y

Part Il presents a dynamic model of the relatignbletween outsourcing and
expected technological change. Part lll discuiseslata and empirical specifications
used to test the predictions of the model. Resuéipresented in Part IV. Part V
concludes.

1. A Model of the Demand for Outsourcing

A firm produces a profit-maximizing amount of outgwsing a single input
The model focuses on determining how to procurizengevel of inputk. There are two
ways of obtaining. One way is to producein-house using machines each with

productivity# according to the in-house production function
x = 6k 1)

The cost of producing in-house is

% Other researchers (Ono (2007) and Holl (2007)etsiudied the effect of agglomeration economies on
outsourcing. For empirical studies of the impadteutsourcing on wages and productivity, see Reans
and Hanson (1999), Amiti and Wei (2006), Gorg, tégrdnd Strobl (2007), and Gorg and Hanley (2007).



wherepyis the (rental) price of a machine asig a sunk cost associated with installing
and using the machines of a given productivityMjatage) for the first timesis

incurred only once. This initial installation c@so reflects training costs.

The second way of procurings to buy it in the market. We call this outsouargi

production. The cost of this alternative is

Co, = px
wherep is the unit price ok.

We assume that outsourcing costs are the samesduros, but allow for
heterogeneity in the sunk cost of in-house produadby assuming thatis distributed

among firms with distributio®(s).

Assuming constant returns to scale in productiorcare without loss of

generality, sex = y and write the costs as functionsydfwvhich is observable)

—[ Px
C,=|—|y+s
=B )y

Co = Py

(@)

As in Ono (2000), the firm chooses the procuririgrahtive that minimizes costs.

Let y=1 indicate a firm that outsources its productldrhis simple model implies

* The constant returns to scale assumption impiasthe firm either produces &lin-house or
outsources all of, therefore it is not optimal to split a given léwé y between in-house and outsourcing.

The cost of splitting petween in-hous€y,,) and outsourcindy,) is Py, + (%) Y, +S, where
Y=Y, tY,. We can write this cost aspy—( p —%) Yy *+S. Itfollows that producing all of in-

house minimizes costs whep >-7- , i.e., when outsourcing is expensive, and, ctsehg, outsourcing



1ifC,<C, = s>(p—%)y

X= 3)
0 else

Suppose the price afis above the marginal cost of in-house productibirms
would then outsource only because the sunk castloduse production is relatively
large; firms with low sunk costs will not outsoun@eduction. A larger production size
decreases the likelihood of outsourcing becaussuhk cost per unit of production
decreases. Notice that if we do not allow for hegeneity ins thenall firms of a given
size would be either outsourcing or producing ing®which is in general contrary to the

facts®
Introducing Technological Change

We extend this simple model of demand for outsogyto allow for
technological change in the productiorxofOur goal is to examine the relationship
between technological change and outsourcing. Seateological change is uncertain
and occurs over time, we now introduce dynamicsuaraértainty into the model. We

focus, for simplicity, on a two-period model.

all of y is preferred whenp <% . Only when p :% is the firm indifferent between in-house and

outsourcing all or parts of its production. In igalhowever, firms usually outsource part of their
production, so that we should interpxeds one of multiple component of the final outputduced by the
firm.

°If the suppliers ok have a cost advantage in producirand there is competition among suppliers the
price ofx could be below the marginal cost of in-house potida. In this case, all firms will outsourge

® We could have also added heterogeneity to theafasitsourcing. The model would be equivalent
because heterogeneity enters additively and whterador the decision to outsource is the diffesen

betweenCO and CH . In this case s may represent the additional @ossing a standardized input which

is absent when x is produced in-house becausettiledirm can perfectly tailor the input to its spiec
needs.



Suppose that technology (i.e., the productivitynafchines) in the first period is given by

g. In the second period, productivity can eitheréase to&,,6, > 6,, with probability

A orremain atg, with the complementary probabilitie.,

g, with probabilityA

6, with probability -1

At the beginning of each period, the firm decidestitsource or to produce in-
house given the observed technology level and @rié&e denote the price »in period

1 by p. We assume thatis supplied by firms using the latest technologhes

production technology improves, firms can chardmager price ofx and still make
profits. Whether they will do this or not dependstbe competitive environment. We do

not model the supply side here but allow the poiceto change as technology improves.
We let P2, be the price ok when a technological change occurs in the seceriddg

and P2 be the price ok when technology does not change. Because the girice
machines does not change, their quality-adjustiest p declines as technology

improves.

We proceed backwards. Suppose there is technolatiaage in the second
period. The firm faces three alternatives: it catsource, it can produce in-house with
the old technology or it can pay the sunk costgrgtade to the new vintage of
machines. To simplify the analysis we make the mps$ion that upgrading always

dominates keeping the old technology. This requarast too large sunk cost, namely

s< pky(%), which we assume to hold, i.e.,



e, -6
G(s)=1 fors=p y(#j (4)
“ 6.6

In this case, the firm’s decision is essentiallyrathe static model analyzed in the
previous section: to outsource or to produce inseoBecause producing in-house
requires incurring the sunk cost, the firm’s demsin the first period does not affect its
current decision. Then, as in (3), when thereteschnological improvement, the demand

for outsourcing is

1ifsz(py—%:)y
X, = (5)
0 else

If there is no technological change, the firm’sidemn depends on its outsourcing
decision in the first period. If the firm producedhouse in the first period, it already

paid the sunk costfor the use of the technology and therefore it aiitsource only if
%y> p,y. But, if the firm outsourced in the first peridde cost of using the old
technology in-house isgl—ky+s which needs to be compared to the cost of outsugyr

p,y. This gives the following outsourcing decisiorperiod 2 in the absence of

technological change,

1 if)(lxsz(pz—%)y
Xz = (6)
0 else

Because of the presence of sunk costs, the ded¢@siomsource during the first

period affects future decisions if technologicahebe doesot occur. Specifically, a firm



that did not outsource during the first periog, =0, will be less likely to outsource

during the second period if no technological chamgmirs.
In the first period, the firm chooses to outsowc@roduce in-house by

comparing the expected discounted costs of eaemative. These costs are,

Clx, =1)= p1y+ﬁ(1—/|)Min{pzy,%y+s}+mMin{pyy,%y+s}
2

1

co(l:0):%y+s+ﬁ(1—/|)Min{pzy,%y}wmm{pyy,%ws}

1 1 2

where S is the discount factor.

The difference between these two costs is

C(/Yl :1)_C(/Y1: O)Z[pl_%Jy_(l_ﬁ(l_/‘ ))S+

ﬁ(l—ﬂ)Min{( P, —%] y-s, 0}—,6’(1—/1 )Min{( P, —%J y,O}

which can be written as,

C(Xl :1)_C(/Y1: 0): (pl—%)yté’(l—/l )( pz—%:)y—s, Cﬁ(pz—%)ys S (7)

We can rule out the first case because it is redderio assume that the pricexof

in period 2 (the last period) cannot be below tlagimal cost of in-house production,

10



P«
>—= 8
P, 8 (8)

The firm decides to outsource in the first peridtewever C(x, =1)-C(x, =0)< 0.

The decision to outsource in the first period tfeneedepends on current and future
prices ofx as well as on the size of sunk costs and the priitlyaof technological change

Ay
Litsz(p—4)y+Aa-1)(p,-%)y andsz(p,~5)y

X701 ifsz% andss(pz—%)y ©)

0 else

From (7) we see that, all other things equal, aresse i\ decreases the cost of
outsourcing relative to that of in-house producticaking the firm more likely to decide
to outsource in the first period. This is the main messdghe model: when the
likelihood of technological change increases, firmilvé more reluctant to purchase the
technology to produce in-house because it will seoolisolete. Upgrading the
technology involves incurring a sunk cost “di novolieTmore frequent the innovations
arrive, the less time the firm has to amortize thes& sasts. The firm can use
outsourcing to obtair from supplying firms using the latest technology avicthe

sunk costs.

"This assumption depends on the type of technoladycampetition among the firms producing

11



Empirical Implications
We use this simple model of the demand for outsoutciggnerate a reduced-

form equation for the demand for outsourcing in pesiod.

There are three different threshold values in (%) determine the demand for

outsourcing in period ]Ep1 —%Jyu?(l—/n[ P, —&)y,(pz —&)y and

1 01 61
_ P
[pl 3ljy

1-1-4)

. Because demand for outsourcing dependshming above or

below these thresholds, their relative magnitudesnaperitant. Among the different

ways these three thresholds can be ranked, only twiayacettions are feasible, namely,

y
P o
[pz _&Jf[pl _&j"'ﬁ(l_/n[pz _&jz—l

& 6 6, “1-p0-2)

which can we written more compactly as

g

6, )< 1-pa-2)

Thus, (p2 —%)Z% defines two price regions which determine demand fo

outsourcing in the first period,

12



1 |f32£ﬂ(ll) When(p ﬂ)yz—

%=Lt sz (p,-2) y+ A1) (p,~%) y when(p, -2 )y 220

0 else

which implies

E(x) =

Notice that, for given pricesl-G(] increases with so that the demand for

outsourcing in period 1 is increasing in the prolitgtof technological changg.

The demand for outsourcing in period 2 is given by

E()(z):/‘E()(lezzl)
+(1-2)[E(Xx,IT,=0x,= DE (, # E(x, T,= Ox,= O( £E £,)]

whereT; is an indicator for technological change occuriimgeriod 2.

In this simple model,E(x, |T,=0,x,= 0 = 0 because a firm that did not

outsource in the first period will continue produgin-house in the second period if

does not change. Expected outsourcing demand settend period is therefore

E(x,)=/ {1-({( D) -%:j yﬂ +(1—/1)|:1—G(( P, -%:j yﬂ E(,) (10)

13



Given prices, E(x,) Is an increasing function afwhen the price margin after

an innovation occurs,p,, =2, is no larger than the price margin when thereis

8,

technology changep, ‘%. This sufficient condition is likely to hold underany

market structures because the number of potenttabarcers is larger after an
innovation occurs prompting supplying firms to lovtleeir markups in order to capture a

larger market share.

I11. Data and Empirical Specification

We use the Encuesta sobre Estrategias EmpresdE8&g, or Survey on
Business Strategies), a panel of approximately Ji#hish manufacturing companies,
surveyed annually since 1990. Data are currengylae through 2002. The survey is
conducted by the Fundacion SEPI with the suppatt@Ministry of Industry, Tourism

and Trade. We use data from the 1990, 1994, 1982602 surveys.

In each survey, the firms were asked if they catéid with third parties for the
manufacture of custom-made finished products dspand if so, the value of the
outsourced products or parts. We use this infaondb create two indicators of
outsourcing, a dummy for whether or not the fir ehgage in outsourcing, and the
value of outsourcing divided by total co$sable 1 shows, by industry sector and
overall, the percentage of firms that reported @utsing at least some part of production

during the 1990-2002 time period and the mean \@itiee outsourced production as a

8 Budgetary constraints prevented us from purchasitg for all of the years between 1990 and 2002.
° Lopez (2002) describes the evolution of outsogrcifiservices and of production in Spanish
manufacturing firms using a sub-sample of the E8&t& for the period 1990-1999. He finds significant
differences in outsourcing between small and l&irges and a positive effect of outsourcing on
productivity.

14



percentage of total cost. On average, 41% of frepsrted that they outsourced
production during this time period. The outsourgiggcentage rose from 35% in 1990 to
43% in 2002. There is significant variation in thlihood of outsourcing across
industries ranging from a low of 16% for Drinksadnigh of 61% for Machinery and
Mechanical Goods. The value of the outsourced mtimluas a percentage of total costs
is approximately 5 percent during this time perifwd;firms that did outsource
production, the mean value of outsourced produ@®a percentage of total costs is 11

percent.

In the previous section, we derived the demana@disourcing in periotlas a
function of the probability of technological changetput, and the various input prices
and technology parameters. Notice that the demamctibn differs between periods 1
and 2 because of the dynamic nature of the problearthe finiteness of the model. We
will ignore this issue in the empirical applicatibacause we implicitly assume that the
data-generating process has been going on for 8oraeso that the relationship between
outsourcing and its drivers stabilizes over timader the assumption that input prices
and technology parameters are common to all fimaniindustry, these can be captured

by industry dummies (ID). Thus,

E(x) =h(4,y,,1D,) (11)

Equation (11) is a reduced-form expression becallsiee arguments in thefunction

are exogenous in the mod&The main implication of the theoretical modelhatt all

Equation (10) is a dynamic equation that could akswe as the basis for estimating the relationship
between outsourcing aid It is, however, specific to a 2-period modelalmodel with 3 or more periods
the dynamics are much more complicated. We thezgitefer to estimate reduced form equations.

15



other things equal, the demand for outsourcingemees with the exogenous probability

of technological change

In order to test this implication we need a proayX. We will proxyA by an
binary variable indicating whether a firm engage&&D, and if it does, we will also use
the amount of R&D expenditures. The rationale lfog proxy is that a firm that engages
in R&D is more likely to experience technologichbnge (new processes and/or new
products) as compared to a firm that does not engaB&D. Table 1 shows that during
the time period under study, 36 percent of thedirmthe sample engaged in R&D, with
this percentage ranging from a low of 13% for Edjtand Printing to 67% for

Chemicals.

We make separability and linearity assumptionsherfeinctionh,
Xie =B + By Vi +25,‘|Dij U, (12)
J

where f is our measure of R&D (a dummy for being engageld&D and/or the ratio of

R&D expenditures to sales) an®,; =1 if firm i is in industryj and zero otherwise. By

using the two measures of we are able to study whether the extensive ointieasive
margin of R&D is more important in explaining outisaing. We will estimate this
equation for all years using clustered standarreiat the firm level to account for

heteroskedasticity and arbitrary serial correlation

Although the model assumgdo be exogenous, a serious concern is that the
probability that the firm will experience technologl change is determined by

unobserved factors that also affect the decisiautsource. More innovative firms may

16



be doing more R&D and may also be adopting newymrtioh methods that require more
outsourcing, i.el, or its R&D proxy, may be endogenous in the outsiog equation.
The estimated R&D coefficient will therefore noptare the causal effect of
technological change on outsourcing. We addressctincern by allowing for a time-
invariant component io;; to affect both the decision to engage in R&D (Hreteforel)

and the decision to outsource, i.,,= 1 +77,. Consistent estimates under this

assumption can be obtained from time-differenciggagion (12)

Xit = Xieea =5, (rit - rit—1) + IBy (yit - yit—l) i ~ it (13)

and estimating this equation by OLS period by krikhese estimates are consistent
providedR&D is strictly exogenous.

The strict exogeneity assumption is quite strorgpbee it precludes any
correlation between shocks that affected outsogriciprevious periods and current
R&D expenditures. We therefore make a weaker assomitat allows for outsourcing

to affect future R&D expenditures,

E(7ic ITie sl ig-1-) =0 (14)
Under this assumption, we can use the lag of R&Bresistrument for, -r_, in
equation (13) to obtain consistent estimates opdrameters.

Equation (12) includes, in addition to the proxytechnological change, the
firm’s annual salegSale$ as well as a vector of industry dummies. We alsbtaa

variables that measure the firm’s current technokigntensity, whether it uses

17



computerized digital machine tookop_dmt) or uses robotics ¢enp_robotic). **

In order to control for factors other than techigidal change that may contribute
to outsourcing, we also include a set of variabihas have been the focus of previous
research on the determinants of outsourcing. Sinmoe may use outsourcing as a way of
economizing on labor costs (see Abraham and Tai8%96), we include the firm’s
average labor cost defined as total annual sperfdiages and benefits) on “staff”
divided by total employmentvage). Outsourcing may also be used to smooth the
workload of the core workforce during peaks of dachéAbraham and Taylor, 1996;
Holl, 2007). Hence, we add a measure of capadiigatton (capacity) defined as the
average percentage of the standard production itgpaed during the year. Small firms
would be expected to be more likely to outsouraeabse it may not be optimal for them
to carry out all steps in the production processbse of the costs of maintaining
specialized equipment or skills in-house (Abrahauth &aylor, 1996). Hence we control
for the size of the firm using four categoriesfiamber of employees. Another factor
that can increase the propensity to outsourcesigzadhatility in demand for the product
(Abraham and Taylor, 1996; Holl, 2007). We confalthis by adding dummy variables
for whether the main market the company servesredgzh(Mmarket_expand) or declined
(market_decline) during the year. It has also been argued tha&rdidns are more likely
to outsource because they have had time to leaut &e quality and reliability of
potential subcontractors (Holl, 2007). We therefoude the age of the firnage).
Whether the firm primarily produces standardizeadpicts or custom products should

also affect the propensity to outsource with fifiosusing on product variety being more

1 These two variables may also be correlated withrtelogical change and their inclusion in the eiquat

18



likely to outsource some of their production; werefore add a dummy variable
indicating that the firm produces standardized potsithat are, in most cases, the same
for all buyers $td_product). Finally, we control for the firm’s export propsty, the

value of its exports divided by its salexgort), and whether the firm has any foreign
ownership foreign_own). Both of these factors have been included in ptiedies of

outsourcing (Girma and Gorg, 2004; Diaz-Mora, 2081 Holl, 2007).

1V. Results

We estimated Equation (12) using two dependernabigs: whether or not the
firm engaged in outsourcing and the value of th@'é outsourced production as a
percentage of total costs. Results for the firpetelent variable are shown in Table 2
and for the second in Table 3. Each table providesoefficients on the R&D dummy
using various approaches to estimating Equation {# coefficients on the other

variables included in these regressions are showppendix Tables A-1 and A-2.

Columns (1), (2) and (3) in Table 2 use OLS, prahd logit, respectively, to
estimate Equation (12). We find remarkably simi&sults across these three columns;
firms that engage in R&D are 11-12 percent morelyiko outsource some part of their
production. When we control for firm-specific tinmesariant unobservable factors in
Column (4), firms that engage in R&D are 9.5% nlikely to outsource production.
Using first-differences in column (5), the coeféinot on R&D falls to 0.066 but is still
very significant. Column (6) adds the R&D/salesarand we find that what matters is

whether the firm engages in R&D, not its R&D-intiypsFinally, in column (7), we use

could weaken the measured effect of the R&D vagiabl

19



the first lag of R&D as an instrument for the grbwate of R&D*? Although the
coefficient on R&D is no longer significant becaugehe doubling of the standard error,

the magnitude of the coefficient is virtually idead to the coefficient reported in column

(5).

The results in Appendix Table A-1 show that, in ¢hess-section, high wage
firms, older firms, larger firms, firms that arearproduct market that has experienced an
increase or a decrease (as compared to no chéinge)that use computerized digital
machine tools or robotics, are all more likely tasmurce. Foreign-owned firms are less
likely to outsource. These results, however, chaligmatically when we use fixed
effects or first differences: none of these adddiaegressors are significant while the

R&D variable remains significarit.

In Table 3, the dependent variable is the valub@butsourced production
divided by total costs. Since 60 percent of theeoletions are zeroes, we use tobit
regressions. The results in the first column ingi¢hat the probability of outsourcing is
9 percent higher for firms that engage in R&D; hiiect is very close to the results
observed in columns (1), (2) and (3) in Table 2uBm (1) in Table 3 also shows that,
for firms that do outsource, the ratio of outsongcio total costs is 0.013 higher for firms
that engage in R&D. Using the mean value of theeddpnt variable for firms that do
outsource (see Table 1), the coefficient transkates 11 percent increase in

outsourcing. The regressions in Table 3 were atmated using standard random

12 \We also tried using the first lag of the growtterm R&D as an instrument and obtained very simila
results — but less precise -- to those reporteinmn (7).

13The exception is the export propensity variablechis positive and significant in the fixed effeatsd
first differences specifications, but not signifitén the first differenced regression with 1V.
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effects tobit, a method of random effects tobit ttentrols for unobserved effettsand
instrumental variables tobit. Although the impatR&D on outsourcing is smaller
using random effects, the coefficients are stijhdicant. The results using IV tobit are
very strong; the coefficients on R&D are significéor both the extensive and the

intensive margins of outsourcing.
V. Conclusions

A large theoretical literature has examined themheinants of the decision to
outsource, or, more generally, the organizatioprofiuction. But previous models have
ignored the role played by technological changethis paper we present a model that
fills this void. We show that outsourcing becomes@beneficial to the firm when
technology is changing rapidly. The intuition behthe model is that the more
frequently innovations in technology arrive, thedéime the firm has to amortize the
sunk costs associated with an obsolete techno@gtsourcing enables the firm to
purchase from supplying firms that are using thestetechnology and avoid the sunk
costs. Our model, therefore, links technologicarde and outsourcing and explains why
outsourcing has been increasing in recent decalles the pace of technological change

has accelerated.

We test the predictions of the model using a pdatdset on Spanish firms for the
time period 1990 through 2002. Our econometricyaimgicontrols for unobservable fixed
characteristics of the firms and also uses instntat@ariables techniques to deal with

the potential endogeneity of our technological gjeameasure. The empirical results

“we follow the Chamberlain-like approach suggesteskiction 8.2 of Chapter 16 in Wooldridge (2002)
and include the means (over time) of all the regpessto account for the correlation between thessesprs
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indicate that firms doing R&D are between 6 angéfcent more likely to outsource
than firms not engaged in R&D. This is consisteithwhe main prediction of the
theoretical model that the demand for outsouraigaases with the probability of
technological change. Interestingly, while the gngsliterature has found evidence that
other variables play a role in the decision to outse, we find no such evidence here

when accounting for firm effects.

and the unobserved firm effects.
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Table 1

Mean Values of Outsourcing and R&D, By Industryt8e€¢1990-2002)

D

Industry Proportion of Firms | Value of Outsourcing| Proportion of Firfns
Outsourcing Productiop Divided by Total Costy Engaging in R&
All If >0
Meat-processing industry 0.162 0.008 0.04p 0.213
Foodstuffs and tobacco 0.242 0.019 0.080 0.279
Drinks 0.161 0.023 0.138 0.342
Textiles 0.451 0.061 0.134 0.244
Leather and footware 0.339 0.050 0.14y 0.222
Wood industry 0.291 0.033 0.116 0.140
Paper 0.296 0.024 0.080 0.343
Editing and Printing 0.56 0.076 0.137 0.130
Chemicals 0.388 0.025 0.066 0.669
Rubber and plastics 0.458 0.038 0.08B 0.366
Non-metallic minerals products 0.258 0.021 0.081 0.325
Iron and steel 0.284 0.023 0.082 0.555
Metallic Products 0.463 0.053 0.112 0.280
Machinery and mechanical goods 0.613 0.099 0.161 0.530
Office machinery, computers, process 0.589 0.059 0.100 0.617
Electrical and electronic machinery 0.578 0.062 0.107 540
Motor vehicles 0.521 0.065 0.128 0.592
Other transport material 0.588 0.089 0.15p 0.444
Furniture 0.367 0.041 0.113 0.216
Other manufacturing industries 0.503 0.050) 0.098 0.287
All Industries (1990-2002) 0.412 0.047 0.114 0.364
1990 (N=2189) 0.351 0.042 0.120 0.340
1994 (N=1876) 0.416 0.044 0.107 0.364
1998 (N=1776) 0.467 0.054 0.117 0.381
2002 (N=1708) 0.429 0.048 0.112 0.375
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Table2

Thelmpact of R& D on the Likelihood of Outsourcing Production, 1990-2002%

Independent (1) (2) 3) (4) (5) (6) (7)
Variable OoLS Probit Logit Logit First First First
(with fixed | Differences| Differences| Differences
effects) and IV
R&D 0.1127*** | 0.1203*** | 0.1215*** | 0.0949*** | 0.0663*** | 0.0723*** 0.0580
Dummy’ (0.016) (0.017) (0.018) (0.033) (0.023) (0.025) (0.041)
R&D/Sales 0.0483
(0.5979)
Observations 6977 6977 6977 2503 3838 3782 206
Rz /Pseudo 0.13 0.10 0.10 0.006 0.007
R
LR(chi®) 78.57 14.23

®Dependent Variable: dummy variable equals onerif fiutsourced some of its production; zero othezwAsl
regressions include year dummies, industry dumraies the set of control variables listed in the.t€ke complete
regression results are given in the Appendix. HiWhite robust standard errors are in parentheses.

® Coefficients shown in columns (2) through (7) dre marginal effects calculated at the mean.

* Significant at 10%. ** Significant at 5%; ***Sigficant at 1%.
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Table3

The Impact of R& D on Share of Outsourcing Expendituresin Total Costs, 1990-2002*

Random Effect Tobit AVA
Tobit Standard Unobserved Tobit
Effects’
Marginal effects for the
probgability of outsourcing 0.0921*** 0.0418** 0.0288** 0.0999***
(0.016) (0.011) (0.015) (0.042)
Marginal effects for the . e . N
expected value of 0.0133 0.0057 0.0039 0.0140
outsourcing expenditures (0.002) (0.002) (0.002) (0.006)
divided by costs,
conditional on
outsourcing being
positive.
Observations 6825 6825 6825 3970
Number of groups 3077 3077

“Dependent Variable: Value of outsourcing divideddtal costs. All regressions include year dumpiigdustry
dummies and the set of control variables descritbéide text. The complete regression results angvshin the Appendix.
Huber-White robust standard errors are in parerthes

See Wooldridge (2002), p. 540 for a discussionnmbserved effects Tobit models. This regressioluites means over
time of independent variables.

¢ The instrument used for the R&D dummy is its opdqu lag.
* Significant at 10%. ** Significant at 5%; ***Sigficant at 1%.
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Dependent Variable: The likelihood of outsourcing

Appendix Table A-1

Full Regression Estimates of Regressions (3), (4), (5

and (7) in Table 2

Logit Logit Fixed Effect First Dif. First Diff. & IV
variable dy/dx Std. Err.|dy/dx Std. Err.|coef. Std. Err. |coef. Std. Err.
RandD dummy 0.1215*** 0.0178]0.0949*** 0.0328[0.0663*** 0.02269 0.0472 0.0617
Year dummy 1994 0.0610*** |  0.0160[0.0779*** | 0.0246

1998 0.0986*** |  0.0175[0.1479*** |  0.0391 0.0303*** 0.0111
2002 0.0472** | 0.0188/0.1092*** |  0.0357

sales 0.0000 0.0000[0.0000 0.0000/0.0000 0.0000[ 0.0000] 0.0000

product_standard -0.0215 0.0175/-0.0486 0.0351}-0.0292 0.0238| -0.0364] 0.0291

foreign_own -0.045** 0.0221}-0.0022 0.0486(0.0169 0.0371) -0.0116] 0.0450

export_propensity 0.0275 0.0360[0.1587* 0.0850[0.1162* 0.0618| 0.0320, 0.0774

If using computer digital machine tools 0.0296* 0.0153/0.0161 0.0240/0.0018 0.0177] -0.0169] 0.0217

If using robotic 0.0360* 0.0195/0.0029 0.0298|0.0071 0.0220] -0.0074] 0.0254

age 0.0024*** | 0.0010

age’ -0.0000* | 0.0000

Employees: 21-50 0.0501*** |  0.0213[-0.0120 0.0467|0.0000 0.0000[ -0.0358] 0.0401
51-200 0.0457 0.0278/0.0330 0.0675 -0.0317| 0.0693
201-500 0.1076*** |  0.0307/0.0639 0.0744 -0.0344| 0.0852
501+ 0.1008*** |  0.0393/0.0998 0.0760 -0.0756| 0.1018

wage 0.0031*** 0.0008}-0.0006 0.0016/-0.0011 0.0014) -0.0015 0.0016

market_expand 0.0525*** | 0.0154/0.0268 0.0214/0.0225 0.0161| 0.0057] 0.0185

market_decline 0.0329* 0.0182|0.0325 0.0254/0.0172 0.0184| 0.0199] 0.0234

capacity 0.0003 0.0005|0.0002 0.0007[0.0003 0.0005( 0.0000] 0.0007

Industry Dummies (omitted: Meat-

processing)

Foodstuffs and tobacco 0.0991 0.0661

Drinks -0.0882 0.0833

Textiles 0.3663*** |  0.0523

Leather and footware 0.2773*** |  0.0648

Wood industry 0.2109*** |  0.0709

Paper 0.1170 0.0822

Editing and Printing 0.4187** |  0.0465

Chemical industry 0.1520** 0.0687

Rubber and plastics 0.3051*** |  0.0596

Non-metallic minerals products 0.0888 0.0699

Iron and steel 0.0144 0.0786

Metallic Products 0.3302*** | 0.0559

Machinery and mechanical goods 0.4027*** | 0.0488

Office machinery, computers, processing, |0.3665*** |  0.0607

Eletrical and electronic machinery and m 0.3623*** |  0.0536

Motor vehicals 0.2763*** |  0.0645

Other transport material 0.3666*** | 0.0611

Furniture 0.2824*** |  0.0629

Other manufacturing industries 0.3832*** |  0.0577

* Significant at 10%. **Significant at 5%; ***Significant at 1%
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Appendix Table A-2

Dependent Variable: Share of Outsourcing Expenditures in Total Costs

Full Regression Results for Table 3

Random Effect tobit
tobit standard unobserved effects IV tobit

Variable coeff. |Std. Err.| coeff. |Std. Err.| coeff. |Std. Err.| coeff. |Std. Err.
RandD dummy 0.0434*** 10.0074 [0.0117 |0.0031 |0.0081 0.0042  |0.0439 0.0186
Year dummy 1994 0.0137*** |0.0066 [0.0003 |0.0029 |-0.0058 [0.0044 |-0.017** ]0.0078

1998 0.0309*** |0.0069 |0.0095*** |0.0031 |-0.0003  |0.0072

2002 0.0140* |0.0076 [0.0036 |0.0032 |-0.0114 |0.0101 |-0.0257***|0.0079
sales 0.0000** |0.0000 |0.0000*** |0.0000 |0.0000 0.0000  |0.0000*** |0.0000
product_standard -0.0022  |0.0077 |-0.0001 [0.0030 |-0.0065 |0.0047 |-0.0053 [0.0074
foreign_own -0.0235*** |0.0083 |-0.0091** |0.0039 |-0.0052  |0.0071  |-0.0323*** |0.0091
export_propensity 0.0163 0.0157 |0.0116* |0.0063 |0.0294** |0.0114 |0.0119 0.0146
If using computer digital machine tools 0.0073 0.0063 |0.0018 [0.0026 |0.0014 0.0034 |0.0071 0.0071
If using robotic 0.0105 0.0074 ]0.0024  |0.0033 [0.0001 0.0043 |0.0172** |0.0083
age 0.0004 0.0003 [-0.0001 |0.0001 |0.0010 0.0010  |0.0003 0.0004
age’ 0.0000  |0.0000 [0.0000 |0.0000 [0.0000  |0.0000 |0.0000  |0.0000
Employees: 21-50 0.0169* |0.0096 [0.0031 |0.0036 |0.0025 0.0037 |0.0118 0.0096
51-200 0.0090 0.0117 [0.0001 |0.0047 |-0.0006 |0.0048 |-0.0015 |0.0119
201-500 0.0220* |0.0124 |0.0025 |0.0052 |0.0017 0.0056  |0.0017 0.0146
501+ 0.0149 0.0154 |-0.0050 |0.0065 |-0.0063 |0.0073 |-0.0083 |0.0173
wage 0.0014*** 10.0003 |0.0005*** |0.0001 |0.0004 0.0002  |0.0017*** |0.0004
market_expand 0.0241*** 10.0062 |0.0080*** |0.0026 |0.0054* ]0.0031  |0.0154** 0.0074
market_decline 0.0093 0.0073 |0.0030 |0.0031 [0.0060 0.0037 |0.0089 0.0089
capacity 0.0000* |0.0002 |0.0002** |0.0001 |0.0001 0.0001  |0.0006** |0.0002

Industry Dummies (omitted: Meat-processing)

Foodstuffs and tobacco 0.0403* |0.0242 [0.0118 |0.0101 [0.0129 0.0101 |0.0154 0.0250
Drinks 0.0103 0.0362 [0.0133 |0.0139 |0.0140 0.0140 |0.0004 0.0349
Textiles 0.1795*** 10.0249 |0.0556*** |0.0101 |0.0579*** |0.0101  |0.1696*** 0.0243
Leather and footware 0.1387*** |0.0291 [0.0424***|0.0121 |0.0458*** |0.0122  |0.1152*** 10.0294
Wood industry 0.1006*** |0.0296 [0.0280** |0.0126 |0.0295** 0.0126 |0.0771** |0.0314
Paper 0.0609* |0.0316 [0.0090 |0.0125 |0.0112 0.0126  |0.0581** |0.0294
Editing and Printing 0.2053*** |0.0268 |0.0658***|0.0112 |0.0691*** |0.0114 |0.1804*** 0.0265
Chemical industry 0.0606** |0.0247 [0.0101 |0.0109 |0.0106 0.0110 |0.0438* |0.0262
Rubber and plastics 0.1239*** 10.0250 |0.0265** |0.0112 ]0.0288** |0.0113 ]0.1101*** |0.0266
Non-metallic minerals products 0.0468* |0.0257 [0.0097 |0.0107 [0.0103 0.0107 |0.0195 0.0260
Iron and steel 0.0197 0.0302 |0.0055 |0.0124 ]0.0077 0.0125 |0.0109 0.0292
Metallic Products 0.1489*** |0.0242 |0.0429*** |0.0104 |0.0462*** |0.0105 |0.1153*** |0.0253
Machinery and mechanical goods 0.2088*** 10.0262 |0.0769***|0.0108 ]0.0792*** 10.0109 |0.1783*** |0.0258
Office machinery, computers, processing, |0.1530*** |0.0293 [0.033** |0.0142 |0.0343** |0.0142 |0.1349*** 0.0338
Eletrical and electronic machinery and m  |0.1540*** |0.0251 |0.0394*** |0.0110 |0.0405*** |0.0111  |0.1390*** |0.0265
Motor vehicals 0.1355*** |10.0263 [0.0394*** |0.0116 |0.0423*** |0.0119  |0.1093*** |0.0276
Other transport material 0.1905*** 10.0322 |0.0778***|0.0142 ]0.0834*** 10.0145 ]0.1543*** |0.0312
Furniture 0.1274*** 10.0276 |0.0333***|0.0112 |0.0355*** |0.0112 |0.1074*** |0.0271
Other manufacturing industries 0.1583*** |0.0286 |0.0405*** |0.0133 |0.0428*** |0.0134 |0.1110*** |0.0297
Mean values of:
RandD 0.0075 0.0062
sales 0.0000** |0.0000
product_standard 0.0103* |0.0062
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foreign_own -0.0055  |0.0086
export_propensity -0.0271** |0.0136
If using computer digital machine tools 0.0007 0.0054
If using robotic 0.0044 0.0067
age -0.0012  |0.0010
age’ 0.0000  |0.0000
employment 0.0000 0.0000
wage 0.0001 0.0003
market_expand 0.0079 0.0056
market_decline -0.0078  |0.0066
capacity 0.0002 0.0002
constant -0.3022*** |0.0312 |-0.0242** |0.0121 |-0.0292* |0.0157 |-0.248*** ]0.0320

* Significant at 10%. **Significant at 5%; ***Significant at 1%
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