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Introduction
Web-enabled international outsourcing is a cornerstone of most firms’ daily business. As a
result, trade in international services, in particular Business and Computer services, has
boomed albeit from a low baseline (Amiti and Wei, 2005, McCarthy, 2002).
The adoption of the Web use for assisting in the search for foreign partner firms and
transacting of inter-firm purchasing was welcomed from the start as an organizational
breakthrough. UNCTAD (2004) refer to a ‘service tradability revolution’, where the scope,
particularly for the outsourcing of international services was predicted to be high. Bhagwati
et al. (2004) declare that the Web is key to accelerating international service outsourcing
growth:
‘..new technological possibilities (..) convert previously untraded services into traded arm’slength services’. (P. 94, Bhagwati et al., 2004)
Despite the initial hubris surrounding the impact of Web enabled procurement, changes in
production patterns have only been quantified by some and with varying degrees of success.
Progress has been dogged by problems of firm heterogeneity, data aggregation and causation.
Freund and Weinhold (2000) in a pioneering study using US trade data estimate the knock-on
effect of Web use (proxied by number of internet host sites opened) at 0.17 percent, a value
considered low in the context of later studies. Bartel et al. (2005) and Abramovsky and
Griffith (2006) estimate the effects of Web use on services at between 2 and 6-12 percent.
The former estimate refers to service volumes, the latter to the probability of using
international services.
There is a need to shore up existing evidence for the effect of Web use on international
services outsourcing and for research relating to investigate impacts for materials outsourcing.
Accordingly, this is the gap our paper sets out to fill: to quantify the effect of Web use on
international outsourcing (services and for the first time also materials) at the level of the firm
but uniquely in a Matching set-up where firms can be assigned to a treatment group (firms
that switch to Web use) and control group (firms that never switched). This is the first time
that a Matching design is used as a robustness check to assess Web impact on international
procurement.

A further unique aspect of our analysis is formulating the switching issue in

terms of a simple model comprising uncertainty, transportation costs and price. Uncertainty,
transportation and factor prices are key reasons cited by international outsourcing executives
for firms to engage in international outsourcing.
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Using data from the EU harmonized ICT-usage and E-commerce survey for over 2,000 firms
for 3 years, we show that the effect of switching to Web based international services
procurement is between 1.6 and 2.5 percent for fixed effects and difference-in-difference
matching estimators respectively. These results for services are reassuringly comparable to
the 2.1 percent obtained by Bartel et al. (2005) for their analysis on aggregate US industry
data. 1 Our difference-in-difference estimator reports a 2.2 percent fall for internationally
outsourced materials following the switch to Web procurement.
Our paper is structured as follows. The next section gives a brief description of outsourcing
models outlined in the theory and reports other work documenting the responsiveness of
services outsourcing to increased Web use. Then follows our model. This is followed by a
Methodology section describing the Matching approach used. Then follows a section
describing the data used. Next the results of our analysis before we conclude in a final section
with some comments on the implications of our findings.

Background
Web usage and international outsourcing
To our knowledge, only three papers quantify the impact of Web usage on service
outsourcing volumes. Two of these studies use aggregate data (Freund and Weinhold, 2002;
Bartel et al., 2005) and one uses firm level data (Abramovsky and Griffith, 2006). The latter
two studies explore services outsourcing in general, while Freund and Weinhold (2002)
specifically examine internationally traded services. None of the studies considers the impact
of Web usage on material (rather than service) input outsourcing. Table 1 summarises these
studies, the different estimation methodologies used and findings reported.
[Table 1 here]
There is a general consensus in the theory that only certain types of inputs can be successfully
outsourced on international markets. Specifically, the switch to Web procurement, should
only affect traded services such as Accountancy (rather than non-traded services such as
Building and Construction). Economists generally agree on this distinction (Bartel et al.,
2005; Bhagwati et al., 2004; UNCTAD, 2004). Adjustment costs of outsourcing services
such as Buildings Repair are unlikely to be affected by the downstream producer’s Web
usage. Accordingly, the effect of switching to Web procurement is not expected to influence
volumes of non-traded services. On the other hand, services such as Legal and Accounting,
1

Specifically, Bartel et al. (2005) report a one standard deviation increase in the first-difference value
of IT-intensity (3.84 percent) leads to an 8 percent increase in the standard deviation of outsourced
accounting services.
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where we would expect to find an effect of Web use on procurement, belong in the category
of traded services where impacts should be felt. If Web use is analogous to Information
Technology (IT) use, firms which are most heavily involved in the application of IT are those
who face the lowest costs of outsourcing international services. According to Bartel et al;
“..given the IT level of the service, more IT intensive firms face lower adjustment costs of
outsourcing”. [pp. 14]
The theory also has something to say about the type of input which appropriates itself best to
Web enabled outsourcing.

The most cited models sit in the transactions cost literature

(Grossman and Helpman, 2002; Bartel et al., 2005; Baccara, 2005). On the issue of by how
much Web use has made services more tradable than materials, the literature is silent.
A final issue not dealt with in the literature is the reclassifying of some material inputs as
service inputs spurred by increases in Web based procurement. A simple example illustrates
this. Consider the simple case of an employee in a firm who buys the newspaper each
morning for the coffee table.

With on-line newspaper access, this physical input is

transformed into a service input. In aggregate data, such redefined inputs should show up in
the National Accounts as services and no longer as materials. Accordingly, we might expect
to see some substitution between materials and services as volumes of international
procurement increase and ever more physical inputs get transformed into service inputs.2
Web usage and the cost of transacting
What does the theory have to say (directly or more likely indirectly) about the predicted effect
of a switch to Web based procurement and hence the reduction in transactions costs?
Freund and Weinhold (2000) apply a sunk cost model to exporting trade flows. Using
aggregate trade data, they find that a 10 percent increase in their internet variable (number of
internet host sites opened) is associated with a 1.7 percent increase in traded services. This
value is considerably lower than that obtained in the subsequent two studies.
Using an augmented transaction cost model, Bartel et al. (2005), add the speed of technical
change and fixed costs of technology adoption to their transaction cost model. Their model
predicts that changes in levels of technical know-how should not affect the level of services
outsourced. The effect, rather, is second order (speed of change) due to the amortisation of
fixed costs.

They find a significant and positive effect of ICT (Information and

2

This conjectured substitution effect has never yet been captured in work so far, most likely because it
calls for appropriate data allowing researchers to calculate transition matrices. It presents however a
promising area for future study.
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Communication Technology) based services on services outsourcing growth.

Services

considered as non-tradable e.g. Janitorial Services, do not show this effect. The magnitude of
the effect is an 8 percent increase for a change of 3.8 percent in ICT intensity for software and
accounting services.
Abramovsky and Griffith (2006), following Bartel et al. (2005), apply a model of cost
minimising firms. They predict the returns to international outsourcing to firms who procure
ancillary (non-core) services over the Web. Specifically, demand for services must represent
a fixed proportion of total output produced by the firm S = αY.

The firm sets out to

minimise production costs by choosing an optimal combination of in-house and external
services. The cost of outsourced services is made up of the market price for the service plus
an adjustment cost (the cost of incomplete contracts, plus monitoring and search costs), the
latter cost which is assumed to be significant. 3 As transactions costs are predicted to fall
with Web usage, the volume of these transactions is predicted to rise. Using firm level data
on externally purchased services for the UK and employing an instrumental Probit design,
Abramovsky and Griffith calculate a 6 percent increase in the probability that international
services are outsourced by firms using Web procurement.
Generally, Web use facilitates greater access to information on foreign input prices. Since
materials are already quite standardized, e.g. the ISO standard, it is quite plausible that there
is already an equalization of factor prices among all countries irrespective of increased Web
use. Consequently factor prices for materials will be equalized among countries, independent
of Web use. Put differently, a switch to Web use will not decrease the factor price for
materials by a significant extent. Indeed, findings by Garicano and Kaplan (2001) on Internet
auction transactions for used cars are very revealing: the price of used cars transacted over
the Internet when controlling for observables, e.g. car vintage and mileage, is not discounted
to recompense buyers for higher uncertainty over the quality of a car when purchasing over
the internet. The hypothesis being that if adverse selection is a particular issue for Internet
transactions, the expectation is for a lower average car price, all things equal for cars sold
over the Internet. Surprisingly, the internet price is found to be higher than the price obtained
in an equivalent physical auction. Although domestic consumer markets (for used-cars) and
international firm-to-firm markets (for standardized material inputs) inputs do not map
directly, the implications of the Garicano and Kaplan study for our work is that transacting for
physical goods over the inputs does not necessarily reflect buyer fears of inferior quality.
Unfortunately, we do not have an equivalent study for services transacted over the Internet.
However, it is generally accepted that services are experience goods whose quality is
3

See Grossman and Helpman (2005) for a discussion about adjustment costs
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determined ex-post. Uncertainty is arguably most acute for non-standardized services which
are especially burdened with the ‘experience-good-tag’.
The ultimate decision in favour of (or against) international outsourcing, in the absence of
quality considerations, will most likely be driven by transportation costs. These costs are
positive for goods that have to be physically shipped and might amount to a significant
component of the total factor price.

Theory
We focus on a continuum of risk adverse firms that produce a certain good using foreign and
domestic inputs. Profit maximization (which implies cost minimization) dictates both the
optimal amount of output and the composition of inputs given the assumption of an
exogenous and constant product price that, for the sake of simplicity, is normalized to unity.
Web use allows firms to outsource, at least some of their inputs, internationally. A firm
decides to outsource on international markets if it expects decreasing factor costs as a
consequence. Factor prices also affect the composition of domestic and foreign inputs
according to the following logic: A factor price reduction increases demand for the
corresponding factor. Hence international outsourcing leads to an increase in the ratio
between foreign and domestic inputs outsourced.
In addition to reduced pure factor prices, Web enabled outsourcing is also impacted by the
issues of transportation costs and uncertainty i.e. (i) the need to transport goods or services in
order to overcome physical distance and (ii) the uncertainty of the finally resulting factor
price notwithstanding known input quality. This uncertainty goes hand in hand with a risk
premium i.e. firms have make outsourcing decisions based on expected rather than actual
factor prices. 4
To formalize these considerations we formulate a model that captures both the individual and
aggregate dimensions to outsourcing by focussing on a continuum of firms. This is for the
following reason: At an individual level, the decision in favour of (or against) international
outsourcing takes place by comparing domestic factor prices, on the one hand, and the
expected overall cost of outsourcing inputs, on the other hand. Hence it is natural to assume
that at an individual level, the decision will be either to outsource the entire factor demand or
nothing. However, at an aggregate level where we consider the entire demand of all firms,
these decisions are heterogeneous in the sense that some firms opt to outsource on
4

The model is thus based on the work of Batra/Ullah (1974), Stewart (1978) or Perrakis (1980) who
analyze input demand under price uncertainty.
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international markets while others opt against international outsourcing. Thence, it is natural
to assume that at an aggregate level, inputs are in part domestic and in part foreign. Since the
basic argumentation is similar for materials and services, we do not differentiate between the
two inputs in order to derive the optimality conditions that determine factor demand.
However, after deriving the various components of factor demand, the discussion then
differentiates between the two inputs services and materials on this basis: Overall, the cost of
an internationally outsourced input which must be paid by a firm comprises components of
factor price, transportation and uncertainty. These components differ between services and
materials.

Model
Each firm produces the homogenous good, x, thereby utilizing domestic and foreign inputs, vd
and vf, respectively. 5 Factor prices are denoted by qd and qf and tc reflect transportation costs
of the internationally outsourced input. Factor price uncertainty arises in the context of
international outsourcing, hence we assume qf to be stochastic with E[qf]>0 whereas qd as
well as tc are well-known to the firms. Expected profits are given by
E*[Z] = E[Z(p ⋅ x(v d , vf ) − v d q d − v f ⋅ (q f + tc))]

and the following optimality conditions result 6

∂x
= qd
∂vd
∂x
= E*[q f ] + ψ + tc
∂vf
The parameter ψ denotes the risk premium associated with factor price uncertainty of the
internationally outsourced input.

The first optimality condition describes the usual

relationship in a deterministic setting between the value of the marginal product of the factor
and its price in the case of inputs that are not internationally outsourced.

The second

optimality condition captures the fact of uncertainty and hence considers additional
components: Optimal demand for the internationally outsourced input is given when its value
of marginal product is equated with the sum of expected factor price, E[qf], a corresponding
risk premium, ψ, and transportation costs, tc. Only if the sum of all three components falls
short of the domestic factor price, will Web use cause an increase in vf.
5

Note that the relationship between the two inputs formally depends on the sign of the cross derivative.
Complementarity arises, when an increase in the price of one factor is accompanied by a decrease in
demand for both factors. The cross derivative would then be positive whereas a negative sign arises in
the case of substitutes. Throughout the following argumentation we assume that both inputs are not
perfect substitutes.
6
See the appendix for a formal derivation of the results.

6

This argumentation holds for both services and materials. Moreover, since Web use opens up
efficiency gains in that inputs may now be purchased at the cheapest location, decreasing
factor costs will lead to an increase in the volume of internationally outsourced inputs. The
crucial question now is what the differential impact of Web enabled outsourcing will be for
service and material inputs respectively. We argue that demand for internationally outsourced
inputs will increase for both types of input.

However, the effect is likely to be more

pronounced for services than for materials. This is due to the following reasoning:


Transportation costs are higher for materials than for services. 7



The risk premium is arguably lower for materials than for services for two reasons:
Ongoing international product standardization results in homogenous products which
fulfil clearly defined quality requirements. This applies to certified generic services (e.g.
ISO certified) though to a lesser extent than in case of materials. Besides, in contrast to
materials, services are experience goods. Hence, altogether we assume that ψ is quite low
for both input types but lowest in the case of materials.



Hence the remaining question is how much the expected factor price with Web enabled
international outsourcing falls short of factor costs in the absence of Web enabled
outsourcing. In this context, Web use can facilitate partner search thereby leading to a
reduction in factor price uncertainty.

With materials, international standardization

processes are already quite advanced and Web enabled searching helps locate the cheapest
supplier of the non-differentiated input. This is not necessarily true for services: Volumes
of internationally outsourced services are still at a relatively low level (Amiti and Wei,
20059, there is less product standardization and fewer possibilities to realize learning
effects in order to more accurately calculate the expected factor price.
To conclude: Firms will only outsource inputs on international markets when they expect the
entire factor cost of outsourcing these inputs to decrease. This cost comprises the expected
factor price, a risk premium, and transportation costs.

Accordingly, demand for

internationally outsourced services and materials rises with the expectation of reduced total
factor costs. Expected factor price cuts are higher for materials than for services. What is still

7

Note that also in case of services, transportation costs might play a role. This is especially true if the
production process requires frequent face-of-face contacts which are quite costly. One might quite well
drop these kinds of services from our consideration since we mostly refer to standardized services.
Whenever face-to-face contacts are important, the relationship between proximity and productivity is
of special importance thereby representing an agglomeration force working against international
outsourcing (see the discussion within New Economic Geography, e.g. Brakman et al. (2009) for an
overview on agglomeration and dispersion forces).
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unclear is the strength of these effects and how they differ between the two input types
(materials and services).
In contrast, risk premia are probably higher in the case of services than for materials.
Assuming that the combination of risk premiums and expected factor price cuts produce
nearly identical effects for volumes of internationally outsourced materials and services, it is
the additional consideration of transportation costs that explains remaining differences in
responses to Web enabled outsourcing. It is natural to assume that transportation costs for
materials inputs exceed those for service inputs. As a consequence, although Web enabled
outsourcing can induce increases in the volumes of many international inputs, the overall
effect is likely to be higher in case of services.

Methodology
The aim of our paper is to investigate whether there is a causal relationship from switching to
Web based procurement on the amount of internationally procured services and materials
inputs. Our model in the previous section describes the context for modelling the elasticity of
international outsourcing to an event (switching to Web-based procurement). The advent of
Web use helps reduce the uncertainty in transacting with an overseas supplier.

This event

can be framed methodologically as a ‘switching’ one where we look at average effects within
the group of ‘switchers’ and ‘never switchers’, and difference these effects for pre- and postswitch.
Let switch it ∈ {0,1} be an indicator of whether a firm i switches to Web based procurement
in time t and let serv _ os1it + s be the proportion of internationally procured services
(international/ total service inputs) following the switch. Also denote serv _ os it0 + s as the
proportion of internationally procured services if the switch had not taken place. The causal
effect of switching to Web based procurement on the proportion of internationally procured
services is then expressed as:

serv _ os1it + s − serv _ os it0 + s
A problem arises here. The counterfactual, serv _ os it0 + s cannot be observed if a firm makes
the choice to switch to Web based procurement. The analysis can be viewed as confronting a
missing-data problem. The microeconomic literature since Heckman et al. (1997) is equipped
to deal with this missing counterfactual by defining the average effect of switching on the
proportion of internationally procured services as follows:

8

{

}

E serv _ os1t + s − serv _ os 0t + s | switch it = 1

{

} {

}

= E serv _ os1t + s | switch it = 1 − E serv _ os 0t + s | switch it = 1

where the counterfactual in the last term is inferred. This inferred causal estimate is the
proportion of internationally outsourced services the firms would have exhibited, on average,
had they not made the switch to Web based procurement.
Of course, it is imperative to base the estimated counterfactual by using a valid control group.
If there are missing covariates in the model which are correlated with the variable switch, the
analysis will suffer from endogeneity and simultaneity bias. 8

This is where the matching

process can help. The idea behind matching is to pair each firm that switches to Web based
procurement with a firm that never made such a switch. The selection of the paired control is
performed on the basis of some observable variables e.g. size or foreign ownership. We
apply the matching procedure (propensity score matching) pioneered by Rosenbaum and
Rubin (1983) which applies a calculation of the probability of being in the treatment sample
(making the switch to Web based procurement in our analysis) conditional on these
controlling covariates such as firm size.

Accordingly, in a first step, we compute the

probability (propensity score) of a firm making the switch to Web based procurement in a
probit model.

P ( switch it = 1) = F ( Xit −1 )
where X is a vector of covariates observed in the period before the firm made the transition to
Web based procurement. Included in this vector is a foreign ownership measure, a full set of
year and industry dummies. Also included, similar to Bartel et al. (2005), is a skills proxy,
wages_pw. Additionally, a measure of firm size (logged employment) and a productivity
measure (sales per worker). The intuition for including a foreign ownership measure is that
foreign firms are more likely to have more advanced IT by default, being embedded into
international production networks. Therefore, similar to Abramovsky and Griffith (2006), we
include a foreign ownership dummy as well as a controlling for employment size. Also, larger
or more productive firms may have the critical mass or accumulated capital to pay for such
procurement systems. Finally, the intuition behind the inclusion of a skills measure is that the
application of Web based procurement requires some component of worker skill.

8

To give an example where such an omitted variable would bias outcomes, consider where a
Government drive to raise firms’ awareness of overseas suppliers coincided with the time that most
firms switched to overseas procurement.
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A conventional matching estimation of the causal effect of switching on the proportion of
internationally outsourced services is expressed

μ = ∑ (serv _ osi ) − ∑ g(p i , p j )Δserv _ os
i∈A

j∈c

where g(p i , p j ) is a function assigning the weights to be given to the comparison firm j in
constructing the counterfactual for the switching firm i. For g, we employ a Gaussian kernel
in this paper which applies diminished weight to firms in the control group further away in the
propensity score distribution. Essentially, however, the full distribution of non-treatment
firms is used in constructing the averaged effect for the counterfactual.

To summarise, the key idea with matching is that time specific problems, e.g. Government
support for outsourcing initiatives, are screened out. Both treatment and non-treatment groups
are affected by the same contemporaneous effects.

Data
We use plant level information from data collected by Forfás, the Irish policy and advisory
board with responsibility for enterprise, trade, science, and technology in Ireland.
Specifically, our data source is the Annual Business Survey of Economic Impact (ABSEI),
covering the period from 2000 until 2004.
dimensions of firm performance.

This survey extracts information on many

Importantly for this study, the survey also included

questions on ICT usage for the period 2002 to 2004. These ICT questions were harmonized
across the EU for comparability and some recent work is now emerging for other EU member
states using this data. 9
Since the Web usage variables were covered only in the period from 2002 (although we had
data from as early as 2000), we had 3 years of Web coverage data in our sample frame. The
ABSEI survey is an annual survey of plants in Irish manufacturing with at least 10 employees,
although a plant, once it is included, is generally still surveyed even if its employment level
falls below the 10 employee cut-off point. The response rate is estimated by Forfás to be
around 55 to 60 percent of the targeted population per year. This data contains information
on services purchased, distinguishing between imported and domestic service inputs. Further
data available from this source that is relevant to the current paper are total sales (as a

9

See ‘Information society: ICT impact assessment by linking data from different sources’, Eurostat
Report, August 2008
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measure of output), employment, exports, nationality of ownership and the four digit sector of
production.
Data cleaning and variable generation
We started with the initial unbalanced panel comprising 3 years of data (2002 – 2004) where
we have information about the ICT activities of the firms surveyed. All continuous variables
in our data containing nominal values such as sales were deflated.
Some variables used in our analysis had to be generated from the raw data. Our most
important generated variable, ‘any_Web_trans’ denotes whether a firm used the internet to
carry out either sales or purchases. This variable is analogous to the Web measure used in the
Abramovsky and Griffith (2006) paper. 10
A main novelty of our paper, enabling us to apply a Matching design, is the identification of
‘switchers’: firms that during the 3-year time window switched from non-Web procurement to
Web-procurements. To identify ‘switchers’, we needed to distinguish 3 groups of firms. The
first were firms who had always used the internet from the beginning of our records. The
second were firms who had never used the internet at any stage in the data. The final were
firms, a subset of whom we identified as switchers, switched to Web procurement during the
3-year time window. We end up with an unbalanced panel of 343 firms who switched to Web
procurement during the 3-year time window. We also have information on 1,424 nonswitchers for the 3 years of the panel. Looking at the transition probabilities for the sample of
switchers, we see that 202 switches took place in 2002 and 141 switches took place in 2004
(Table 2).
[Table 2 here]
The core idea in our analysis is to investigate, if any, the effect of Web procurement on the
intensity of overseas intermediates. Accordingly, Table 3 documents the breakdown between
Switchers and Non-Switchers for the intensity of overseas service and material inputs. To net
out the effect of switching, we compare pre-switch values only. Switchers have lower ex-ante
intensities of overseas service inputs and higher ex-ante intensities of material inputs. These
differences are mostly insignificant however (except for service inputs in 2003). Therefore,
for the most part, the treatment and control groups have comparable overseas outsourcing
intensities.
[Table 3 here]
10

We use the data from the Irish harmonized E-commerce survey, Abramovsky and Griffith (2006) use
the UK version of the same data
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Finally, since we will at a later stage match firms based on characteristics such as foreign
ownership and industry sector, we check the composition of these variables is for Switchers
and Non-switchers. The pre-switch values for Switchers reveal them to be less productive
than their Non-Switcher peers and also more likely to be domestically owned. They report
higher export intensities, although this effect is only marginally significant. On the basis of
these preliminary statistics, it is plausible that Non-Switchers are more internationalised
(higher foreign ownership, lower exporting intensities suggesting that overseas procurement
is internalised i.e. through vertical integration) than Switchers.
[Table 4 here]

Analysis
In this section we estimate international outsourcing of services and materials, applying in
turn random and fixed effect estimators. As a further robustness check, we estimate the effect
of Web enabled procurement on proportions of internationally outsourced service and
material inputs using the propensity score matching technique outlined in the methodology
section.
In Table 5 we report our initial findings for the standard panel regressions with fixed effects
and random effects respectively. Columns 1 and 2 report the impact on the proportion of
internationally outsourced services, ‘serv_os’ for firms citing Web use for as a procurement
tool.

Columns 3 and 4 report the corresponding impacts for internationally outsourced

materials. Overall, the average effect is about 1.7 percent for internationally outsourced
service inputs (1.6 percent and 1.8 percent for FE and RE respectively). This effect is
significant at the 5 percent level. The signs on the other covariates are as expected: more
productive, larger and higher-skill firms have higher intensities of internationally traded
service intensities.
The results for internationally outsourced materials are negative for both the and RE
estimators. Here, switching to Web procurement is associated with a 3 – 3.3 percent decrease
in the intensity of internationally traded services, depending on the estimator used.
[Table 5 here]
Figure 1 illustrates what is happening in terms of the distributions of the predicted values
(kernel density estimates) from the FE regressions. The peak of the distribution in Figure 1
which charts the predicted distribution for the switch to Web use for international services
outsourcing, migrates from below 10 percent to above 10 percent once firms adopt Web
procurement.

12

[Figure 1 here]
However, these panel-regressions are unsatisfactory in the sense of not controlling for the
shock induced by switching to Web based procurement. Other omitted variables possibly
correlated with the variable ‘any_Web_trans’ could similarly have produced the impacts
witnessed in Table 5. Accordingly, we turn to the Matching framework as described in the
Methodology section.
We first calculate the Propensity Scores for the treatment (Web switchers pre- and postswitch) and non-treatment group based on the matched criteria i.e. skills profile, size,
productivity, ownership status and sector. Figure 2 shows the distribution of the resulting
propensity scores, where treatment firms have higher likelihoods (propensities) of scoring
high on these dimensions.
[Figure 2 here]
Notwithstanding these ex ante differences between treatment and control sample, the
balancing test conditions are satisfied and we can proceed to the Gaussian matching
estimation.

Table 6 presents these results for levels of and within-firm differences

(comparable to the FE estimator reported earlier) in traded services and materials
respectively.
[Table 6 here]
Looking first at levels of traded service intensities, the marginal effect of switching to Web
based procurement is 2.2 percent. The accompanying bootstrapped standard errors show this
result to be statistically significant. The corresponding statistic for international materials
outsourcing is insignificant.
Arguably, it is insufficient to use matching in levels as a robustness check for the earlier FE
estimations, which record within-firm differences. Accordingly, we reformulate the response
variable in first differences and reran the estimations. The result for D-in-D matching is
reassuringly similar to the FE estimations reported in Table 5 earlier. Switching to Web
procurement induces a 2.5 percent increase and 2.2 percent decrease for service and materials
inputs respectively. These changes are statistically significant. (In comparison, the FE values
were a 1.6 percent increase and 3.7 percent decrease for services and materials).
Predicted effect of switching on international outsourcing and comparisons with literature
How do our computed effects compare with those observed in the literature?

Abramovsky

and Griffith (2006) reported an increase of circa 10.6 percent increase in all outsourced
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service inputs associated with Web procurement in their uninstrumented OLS estimations. 11
In Bartel et al. (2005), the magnitude of the effect is approximately 3 percent for outsourced
services (13 percent change in standard deviation / 3.84 percent change in internet intensity).
Our reported values (FE and D-in-D matching) are more in line with Bartel et al. (2005) than
the 0.17 percent increase reported in Freund and Weinhold (2000). 12 This is the first study to
document however, the decline in international materials outsourcing in the wake of a switch
to Web procurement.
Relating these results back to our descriptive model: the demand for foreign service inputs
rises if the cost savings resulting from the gap between foreign (expected factor price) and
domestic (known factor price) services exceeds the positive risk premium which burdens
services (due to the experience-good tag and lack of standardization).

What most

differentiates the markets for services and materials are 1) transport costs and the 2) absence
of a risk premium for materials due to higher levels of standardization and ab initio
transacting volumes (learning-by-doing effects).

Our model can explain the increase in

international service inputs as a result of the switch to Web-enabled outsourcing as domestic
firms lock into cheaper overseas factor prices. What is less easy to explain on the basis of this
simple is the overall reduction in international materials inputs, rather than lower expected
elasticity vis-à-vis services on account of transportation costs. This prompts the question of
whether there is substitution taking place between services and materials as increasing
volumes of material inputs enter the firm in the guise of services with the switch to Webprocurement.

Conclusion
Building a model which summarises key drivers of international outsourcing as reported in
surveys of outsourcing firms (i.e. transportation costs, uncertainty and price), we describe
how the impact of Web use on proportions of internationally outsourced services differs from
the impact on materials. This difference is mainly due to a risk premium. This premium
captures the comparative lack of standardization of internationally traded services and their
experience-good tag. A further difference between international services and materials
outsourcing is the issue of transport costs (for materials only).

11

Measured as the change in intensity for all (domestic and international) service inputs as opposed to
international service inputs (our measure). Later Abramovsky and Griffith estimate the probability that
firms outsource international services within an instrumented Probit model, hence their results are not
directly comparable to our FE and D-in-D matching estimates
12
The latter find that a 10 percent increase in their internet variable (number of internet host sites
opened) is associated with a 1.7 percent increase in traded services
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We then apply a fixed effects, random effects and D-in-D propensity score matching to a
sample of firms that switch to Web based procurement and a sample of firms that do not.
Using data from the EU harmonized ICT-usage and E-commerce survey we find that Web
switchers report increases in international traded services of between 1.6 percent and 2.5
percent depending on the estimation technique. Our results for services are reassuringly
comparable to the 2.1 percent obtained by Bartel et al. (2005) for their analysis on aggregate
US industry data.
Uniquely, the decrease we report for traded materials is between 2.2 and 3.7 percent. Since
no other study to our knowledge, has looked directly at the elasticity of material volumes to
Web-enabled outsourcing, this result is unique.
While our results report estimates for the short-run impact of switching to Web-enabled
outsourcing on volumes outsourced, we must qualify our results by adding that they do not
report long-run impacts. For that we would need a longer time window than the 3 year time
window captured in the E-commerce survey. Moreover, it is highly plausible that some of the
increases in services outsourced and decreases in materials outsourced can be attributed to
inputs formerly categorised as materials ‘migrating’ to the service classification. What do we
mean by this? Recall the analogy of a coffee-table newspaper bought by office staff on the
way to work for the office? With on-line access, this former material input not becomes
reclassified as a service input. We do not have a way of picking up this effect of category
switching in our data, although we do not deny that it is happening.
So is it altogether an occasion for bad news that Web switching exerts a profound impact on
volumes of internationally outsourced inputs? The answer ‘probably not’ is twofold: Firstly,
as Amiti and Wei (2005) point out, outsourcing is a ‘two-way street’. Accordingly, the net
impact of Web-enabled international outsourcing is codetermined by insourcing volumes, an
activity not captured here. Secondly, with appropriate reskilling, as Bhagwati et al. (2004)
point out, short-term job losses induced by Web-enabled outsourcing do not cause workers to
fall off the edge of an abyss into prolonged unemployment and re-employment only at low
wages. In short, while Web-enabled procurement has caused industry to procure higher
volumes of international service inputs, the potential negative fallout can be averted by
policy-makers if they highlight the need for supporting industry in their efforts at insourcing
and staying at the technology frontier.
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Mathematical appendix
Given the profit function of the representative firm
E*[Z] = E[Z(p ⋅ x(v d , v f ) − v d q d − v f ⋅ (q f + tc))]

the following first-order conditions that determine optimal factor demand for both domestic
and foreign inputs may be derived
⎡ ⎛ ∂x
⎞⎤
∂E*
= E* ⎢ Z ' ⎜
− qd ⎟⎥ = 0
∂vd
⎠⎦
⎣ ⎝ ∂vd
⎡ ⎛ ∂x
⎞⎤
∂E*
= E* ⎢ Z ' ⎜
− q f − tc ⎟ ⎥ = 0
∂v f
⎠⎦
⎣ ⎝ ∂v f

Due to uncertainty, the following relationship concerning the internationally outsourced input
holds
⎡ ⎛ ∂x
⎞⎤
∂E*
= E* ⎢ Z ' ⎜
− q f − tc ⎟ ⎥
∂v f
⎠⎦
⎣ ⎝ ∂v f
⎡ ∂x
⎤
⎡
⎤
∂x
= E*[Z '] ⋅ E* ⎢
− q f − tc ⎥ + cov ⎢ Z ',
− q f − tc ⎥
⎣ ∂vf
⎦
⎣ ∂vf
⎦
⎡ ∂x
⎤
⎡
⎤
∂x
= E*[Z '] ⋅ ⎢
− E* [ q f ] − tc ⎥ + cov ⎢ Z ',
− q f − tc ⎥
⎣ ∂vf
⎦
⎣ ∂vf
⎦
⎡ ∂x
⎤
= E*[Z '] ⋅ E* ⎢
− q f − tc ⎥ − cov [ Z ', q f ]
⎣ ∂vf
⎦

since

⎡
⎤
∂x
cov ⎢ Z ',
− q f − tc ⎥ = cov [ Z ', −q f ] = − cov [ Z ', q f ]
⎣ ∂v f
⎦

Define the risk premium, ψ, as
ψ=

cov[Z ', q f ]
E*[Z ']

Then demand for vf results according to the optimality condition
∂x
= E* [ q f ] + ψ + tc
∂vf
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Tables and Figures
Table 1 —

Previous findings on Web use and outsourced services

Study

Model

Data

Impact

Freund, C. and D.
Weinhold, 2002. AER

Gravity trade
equation

Aggregate (56 countries)

10% increase in Web hosts
increases total trade by 1 percent

Bartel, A., S. Lach and N.
Sicherman, 2005, CEPR
WP

OLS

Aggregate (4-digit SIC)
IT investment/TOTAL investment
Spend on purchased services (e.g. Machinery repair)

3.84% increase in IT ratio
increases accounting/software
services by 8%

Abramovsky and Griffith
(2006), JEEA

OLS & IV

Firm level (E-commerce survey)
outsourcing =int. services / sales
Internet dummy
Intensity at sector level: % firms using internet in
sector

Firms using Web have 6% higher
Pr. of purchasing services (upper
bound 12%)

This paper

OLS
(FE & RE)
PS Matching

Firm level (E-commerce survey)
Int. outsourcing =int. services / total purchases
Internet dummy

Firms switching to Web, increase
amount of international services
by 1.6 to 2.5%
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Table 2 —

Transition Matrix for Switchers

Status in 2004

No Web
procurement

Web
procurement

Total

No Web
procurement

126

202

328

Web
procurement

NA

NA

NA

Total

126

202

328

Status in 2003

Status in 2002

Status in 2003

20

No Web
procurement

Web
procurement

Total

No Web
procurement

0

141

141

Web
procurement

28

280

308

Total

28

421

449

Table 3 —

Differences in Means for Switchers (Pre-Switch) and Non-Switchers

International services outsourced (serv_os)
2003

Non-switchers
Switchers PSV
difference

2004

Obs

Mean

Std. Dev.

Obs

Mean

Std. Dev.

1259

13%

21%

1407

13%

21%

342

11%

18%

146

11%

17%

1601

13%

21%

1553

12%

20%

Significance of means t-test: Ha: diff != 0

2%

2%

0.06

0.25

International materials outsourced (mat_os)

Non-switchers
Switchers PSV
difference
Significance of means t-test: Ha: diff != 0
Notes: *: t-test significant at 10 percent level
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Obs

Mean

Std. Dev.

Obs

Mean

Std. Dev.

1080

47%

38%

1196

46%

38%

286

50%

37%

122

49%

38%

1366

48%

38%

1318

46%

38%

-3%

-3%

0.22

0.48

Table 4 —

Differences in Key Variables by Switcher Status: (Pre-Switch Values for Switchers)

Non-Switchers

Switchers

Total

Significance of means t-test: Ha: diff != 0

sales per worker
(Euros 100K )

Number
employees

% Exports
(exports/sales)

Average
% foreign firms

Median

4.67

34

1%

0

Mean

4.61

107

20%

28%

SD

1.54

268

30%

45%

Observations

3895

3895

3005

4287

Median

4.43

29

2%

0

Mean

4.34

92

23%

24%

SD

1.61

224

33%

43%

Observations

517

517

423

633

Median

4.64

33

1%

0

Mean

4.58

105

20%

28%

SD

1.55

263

31%

45%

Observations

4412

4412

3428

4920

0.00

0.23

0.09

0.02
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Table 5 —

Switching on International Outsourcing: Panel Regressions
Internationally outsourced services (serv_os)

Firm uses Web-procurement (any_web_trans)
Productivity (sales_pw)
Size (employ1)
Skills (wages_pw)
Foreign firm
Manufacturing firm
Year dummies
Sector dummies
Observations
Number of firms
R-squared
F
Baseline log likelihood
Log likelihood

Internationally outsourced materials (mat_os)

(1)

(2)

(3)

(4)

FE

RE

FE

RE

0.0161**
(0.00802)
0.000806
(0.00336)
0.00694
(0.00696)
0.0199***
(0.00733)
0
(0)
0
(0)
yes
yes

0.0176**
(0.00755)
0.00454*
(0.00256)
0.0117***
(0.00352)
0.0185***
(0.00542)
0.0988***
(0.0122)
-0.0359***
yes
yes

5139
1909
0.010
2.986
6349
6375

5139
1909

Notes: *significant at 10 percent level, ** significant at 5 percent level, *** significant at 1 percent level
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-0.0374**
(0.0148)
0.00491
(0.00861)
0.0213
(0.0151)
0.0209
(0.0134)
0
(0)
0
(0)
yes
yes
4353
1646
0.010
3.600
3922
3943

-0.0294**
(0.0142)
-0.00273
(0.00621)
0.00232
(0.00680)
0.0157
(0.0110)
0.227***
(0.0216)
0.0717***
yes
yes
4353
1646

Table 6 —

Effect of Switching on International Outsourcing: PS Matching
No Webbased
transactions
(control)

Web based
transactions
(treatment)

Services

12.0%

14.2%

Materials

46%

46%

N
N for treated
N for controls

5,114
763
4,351

Services

0.7%

Difference-in-Differences
3.3%
2.5%
0.006

4.145**

Materials

0.3%

-2.0%

-2.164**

N
N for treated
N for controls

5,114
763
4,351

Internationally
outsourced:

Effect of
treatment

Bootstrapped
Standard
Error

t

Levels
2.2%

0.008

2.865**

0.004%

0.014

0.310

-2.2%

0.010

Notes: Variables used in the kernel matching:Labour productivity (sales_pw), firm size (logged
employment), foreign ownership dummy, manufacturing dummy, year dummies.
**Significant at 1 percent level Balancing tests (not reported here) passed. Number of blocks
= 7. Number of repetitions for bootstrap = 50.
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Figure 1 — Predicted Effect: Services Offshoring for Switchers and Non-

5

10

Switched is green line. Never switched is red line .

0

kdensity switch_hat

15

Switchers

-.1

0

.1
Predicted offshored services percentage
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.2

.3

Distribution of Propensity Scores

0

kernal density: calculated propensity scores
5
10
15

Figure 2 —

.1

.2

.3
.4
Propensity score

.5

.6

Kernal Distribution of Propensity scores. Green = firm switched to Web; Red = firm never switched
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Appendix 1 Variables List

any_web_trans

Web used for purchasing and sales (any_web_trans)

bisid

Firm identifier

cpi

Consumer Price Index

employ

Number of employees

employ1

Logged employment (employ1)

exp_int1

Export intensity logged

foreign

Firm is foreign owned (foreign)

int_rd_per

percentage of R&D conducted in-house as portion of total R&D bill

manuf

Firm is a manufacturer

mat_os

Materials outsourced from overseas as % of total outsourced materials
(mat_os)

nacecode

4 digit nace code

nationality

Owner Nationality

owner

2 - foreign 1 - domestic

sales_pw

Sales per worker

serv_os

Services outsourced from overseas as % of total outsourced services
(serv_os)

serv_os1

International services outsourcing logged

switcher

Firm switched to Web procurement during 3-year time period

wages_pw

Wages per worker

year

year is 2002, 2003 or 2004
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