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ABSTRACT 

Firms use information technology (IT) to make better use of capital and labor in producing goods or serv-
ices with the aim to increase productivity and efficiency. Because of the supply-and-demand relationship, 
the performance of the IT industry is critical to a country’s economy. We explore the productivity and 
efficiency of the IT industry in the context of globalization. We use production function and stochastic 
frontier analysis methods to examine the impacts of IT goods imports and IT services offshoring on coun-
try-level IT industry. Our data cover 2000 to 2006 for fourteen OECD countries. Because our explanatory 
variables are measured at the country level, we are able to capture cross-industry interactions between the 
IT-producing industry and IT-using industries. Because of the limitations of our data set, we employ re-
sampling methods from small sample statistics as a means to show the stability and robustness of our em-
pirical results.  We report that the import of IT goods has a positive effect on the productivity and effi-
ciency of the IT industry in the OECD countries we studied. We posit that this occurs because interna-
tional knowledge spillovers have brought technological progress to the IT industry across the OECD. We 
also have evidence to suggest that IT services offshoring negatively affects the productivity and efficiency 
of the IT industry. This occurs when the scale of production is reduced due to adverse complementarities 
that exist between IT services and IT goods. Our findings provide implications for policy-makers on in-
ternational IT trade and the welfare tradeoffs that occur with the development of IT offshoring practices.  

Keywords: Complementarities, economics, empirical research, IT industry, production, statistical re-
sampling, spillovers, stochastic production frontier analysis, substitution. 
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“Any experiment may be regarded as forming an individual of a 'population' of experiments 
which might be performed under the same conditions. A series of experiments is a sample drawn 
from this population.”  

William Sealy Gosset, creator of the “Student’s  
t-distribution,” writing as Student (1908, p. 1)  

“Essentially, all models are wrong, but some are useful.”  

George E. P. Box and Norman R. Draper (1987, p. 74) 

1. INTRODUCTION 

The information technology (IT) industry is critical to the economies that host them due to the sup-

ply-and-demand relationship between IT-producing and IT-using industries. We use the term IT industry 

in this research as the OECD (2002) has defined it:  manufacturing of office and computing machinery. 

The consumption of IT capital contributes to the output of IT-using industries, and helps to increase the 

efficiency of other factors of production such as capital and labor (Mittal and Nault, 2009).  

Global IT trade in 2007 was estimated at US$3.8 billion, with the Organization for Economic Coop-

eration and Development (OECD) countries accounting for over 52% of the total (OECD IT Outlook 

2008). On the supply side, the contribution of the IT sector to business sector value-added for 23 OECD 

countries was 8.9% on average in 2007. This reflects a stable level of sector value-added since 2004, 

when the share of IT goods to total goods trade was 13.2% (OECD IT Outlook 2006). OECD exports and 

imports of IT goods have continued to expand over the years, driven by growth in the trade of electronics, 

communication, and audio and video equipment. The continued growth of the IT industries in the OECD 

economies is critical because of IT’s role as an enabler for the production processes of IT-using industries. 

The recent OECD IT Outlook (2008) also reports that imports of IT goods to OECD countries in-

creased 7% and imports of IT-related services grew 9% annually from 1996 to 2007. This suggests why 

the OECD countries’ IT industries are so exposed to foreign competition (Conway et al. 2006). Over 80% 

of firms surveyed by industry consultants at Gartner Inc. indicated that the firms were considered shifting 

U.S. IT jobs overseas (Leung, 2003). In this context, examining the performance of the IT industry rela-

tive to the globalization of IT goods and services will be worthwhile. More studies on IT value creation at 

the macroeconomy level will be useful too, as suggested by Park et al. (2007).  

Most previous studies on IT value focused on the empirical regularities of IT-driven productivity and 

IT-based consumption. Brynjolfsson and Hitt (1996) investigated IT value at the firm level and found 

significant contributions of IT capital to firm productivity. Barua et al. (1995) reported that IT improves 

capacity utilization and inventory turnover. Another important perspective on exploring IT value is to ex-

amine IT production. Gordon (2000) and Stiroh (2001) confirmed the contribution of the IT-producing 

sector’s growth to the resurgence of U.S. productivity in the 1990s. The rationale is twofold. First, the IT-
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producing sector has spillover effects on other IT-using industries by enabling technological progress. 

Second, IT-using industries consume IT capital goods and achieve higher marginal product due to IT 

capital deepening (Bosworth 2004). A significant portion of labor productivity growth in the services in-

dustries in the U.S. came from continuous accumulation of IT capital during 1995 to 2001. Little attention 

has been paid to value creation through IT production though, especially in the global context. 

The IT industry in OECD and non-OECD countries has different characteristics, and country-specific 

IT industry reactions to activities occurring in the global IT markets may vary too. Most previous research 

has concentrated on international trade and foreign direct investment (FDI) in developing countries, yet 

the developed countries account for the lion’s share of trade and FDI (Iyer et al., 2008). We will study the 

IT industry in all o f the OECD countries for which data are currently available, to evaluate the impacts of 

international trade of IT goods and services on their performance for 2000 to 2006.1 We ask: How does 

the globalization of IT goods and services impact the performance of the IT industries in OECD countries? 

What can explain the observed outcomes? How can we provide the strongest evidence, in spite of the 

small sample of data available to study country-specific heterogeneity in imported IT goods and offshored 

IT services?  

Though there have been many productivity studies, Iyer et al. (2008) point out that few have exam-

ined the efficiency of industry performance, and fewer yet have explored the causes of industry-level effi-

ciency variations or the effects of globalization. To address this gap in the literature, we will examine the 

effects of IT goods imports and IT services offshoring on the productivity and efficiency of country-level 

IT industry. 2 

We will employ a production function analysis to measure productivity and stochastic frontier analy-

sis to assess efficiency. Production function analysis assesses total factor productivity as a means to 

gauge the portion of outputs not explained by the amount of inputs used in production (Comin, 2008). We 

will do this using a standard Cobb-Douglas production function, whose technology parameter represents 

total factor productivity. This lets us capture the effects of imported IT goods and IT services offshoring. 

We will use stochastic frontier analysis to measure deviations in observed output levels from the best out-
                                                
1 New data will become available sometime in 2010 that will permit us to update our coverage of IT industry per-
formance up to 2008. We do not expect to be able to increase the number of countries on which data will be avail-
able, however, since the OECD has not been able to collect it from countries from all of its member countries.  Thus, 
we caution the reader at the outset of this research to recognize the limitations that we faced with the development of 
this research. 
2 Although our focus is on the performance of an OECD country’s IT industry, we should note at the outset that the 
measurement of our explanatory variables is at the country level. This choice was necessary due to the unavailability 
of more disaggregated data. Country-level measurement enables us to capture cross-industry interactions between 
the IT industry and other IT-using industries, and offer an unusual and innovative perspective. If we were only to 
consider IT goods impacts for the IT industry, rather than at the country level, we would be unable to examine the 
effects of substitution between domestic and imported IT goods. This positive argument also applies to the effects of 
complementarities that may exist between IT production and IT services.  
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put levels that are observed (Aigner et al., 1977). With this approach, we can identify inefficiency that 

occurs due to uncontrollable factors, such as weather conditions, electricity outages, and government 

regulation changes. Such stochastic shocks are outside the control of managers in the IT industry, and 

occur mostly at random.  

In this research, we found that IT goods imports in the OECD countries have had positive impacts on 

the productivity and efficiency of IT industries during the study period. IT services offshoring in OECD 

countries seems to negatively affect the IT industry’s performance at the country level. To explain these 

observations, we will leverage theories on knowledge spillovers, substitution and complementarities to 

explain the dynamics that are observed. Knowledge spillovers stimulate technological improvements by 

collocated industries or firms through technological innovation that occurs locally. International knowl-

edge transfer through technologies embedded in imported IT goods is well recognized to support knowl-

edge spillovers, for example (Park et al., 2007).  Substitution occurs when two goods can be consumed or 

used in place of the other. In the OECD countries context, imported IT goods and domestic IT goods are 

competing substitutes.  Complementarities refer to two complementary goods that are used or consumed 

together to create higher utility. Their cross-price elasticity of demand usually is negative. IT services and 

IT products are complementary goods.  

IT services typically are produced in the presence of IT hardware and software products. As more IT 

services are offshored to foreign vendors or insourced to overseas branches, the resulting reduction in 

demand for domestic IT services will lead to a decrease in the domestic consumption of complementary 

IT goods. One can think of the potential negative impact as adverse complementarities. Contrary to con-

ventional thinking on welfare gains from IT offshoring at the national level, they may create unfavorable 

outcomes for the productivity and efficiency of a country’s IT industry.  

The remainder of this article is organized as follows. §2 describes the impacts of the globalization of 

IT goods and services on a country’s IT industry. §3 presents our models. §4 describes the data and inter-

national context for this research. §5 presents our empirical findings, and explores the validity and ro-

bustness of our results with small sample econometric methods. §6 discusses the implications of this re-

search, and provides an extended discussion that is intended to demonstrate the high relevance of engaged 

scholarship, by bridging the gap between the technical aspects of our work, and the interests of the policy-

making and industry audiences. §7 concludes with contributions and limitation.  

2. THEORY: IT GLOBALIZATION AND THE IT INDUSTRY 

What are the impacts of imported IT goods and IT services offshoring on the productivity and effi-

ciency of a country’s IT industry? To answer this question, it is necessary to consider the process that un-

derlies the changes in productivity and efficiency in response to technological advances and declining 
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operational scale size. We will offer a number of theoretical perspectives that are helpful for establishing 

an understanding. 

2.1. The Knowledge Spillover and Substitution Impacts of IT Goods Imports 

Trade theory suggests that trade in technology promotes international technology transfer (Pugel, 

1982). Spulber (2008) showed that an international trade in technology is distinct from trades in other 

types of goods and services. Trade in technology goods creates additional benefits beyond utility for re-

cipient countries through knowledge transfer, raising the expected value of goods based on the new tech-

nologies. Park et al. (2007) examined trade in IT goods and argued that, process-wise, international 

knowledge transfer actually occurs through that technologies that are embedded in IT goods. Through 

such imports, firms in the recipient countries gain access to advanced technologies, and should be able to 

produce outputs more productively and efficiently.  

Carmer et al. (1999) examined substitution effects among different types and qualities of rice through 

international trade. Blonigen (2001) used the theory of substitution effects to explain the relationship be-

tween imported automobile parts and domestically-made ones. In our study context, domestically-

produced IT goods compete with foreign-made ones that have similar or better functionality at lower 

prices. This may cause domestic IT producers to lose market share to foreign competitors. Thus, their op-

erating scale will be reduced, leading to concomitantly declining efficiency and productivity.  

Although we expect that the substitution effects are negative, they should be relatively small in mag-

nitude compared with the countervailing positive ones brought about by technological progress. The in-

fluences of knowledge spillovers will be greater because technical change acts as a dominant factor for 

productivity improvement (Shao and Lin, 2009). Thus, we assert our knowledge spillovers and substitu-

tion hypotheses in two related parts to cover productivity and efficiency:  

• Hypothesis 1a (The IT Goods Imports and Productivity Hypothesis). Due to the net effects of 
knowledge spillovers and substitution, IT goods imports in OECD countries will be associated 
with gains in productivity of the IT industry at the country level of analysis. 

• Hypothesis 1b (The IT Goods Imports and Efficiency Hypothesis). Due to the net effects of 
knowledge spillovers and substitution, IT goods imports in OECD countries will be associated 
with gain in efficiency of the IT industry at the country level of analysis. 

Next, consider the how IT services offshoring affects the IT industry, and the adverse complementarities 

that arise, in particular. 

2.2. The Adverse Complelementarities Impacts of IT Services Offshoring 

IT offshoring refers to the use of IT services provided by external vendors or affiliated partners in for-

eign countries. The main motive for IT offshoring is cost saving (Shao and Smith-David, 2007), which 

should be of specific interest to both IT-using industries and the IT industry. According to the input-

output tables for OECD countries though, the service sector consists primarily of IT-using industries, 
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which accounted for 52% of total IT offshoring (OECD 2006). In contrast, the IT industry accounted for 

just 8%. Thus, for the IT industry, cost efficiency gains from its own IT offshoring are likely to be out-

weighed by the greater reduction in demand for its products from IT-using industries due to the comple-

mentarities between IT services and IT production. Since a reduction in demand and operating scale will 

decrease efficiency and productivity of production, we expect IT services offshoring to negatively affect 

IT industry efficiency and productivity. 

Kim et al. (2000) used a similar kind of complementarities-based explanation to examine consump-

tion interactions among related IT product categories. Harrison et al. (2007) explained the negative im-

pacts of IT offshoring on labor and employment using a substitution-based explanation als. Similar to 

computer software and hardware, IT services and IT products are complementary goods: both are required 

to get the job done. But as firms offshore their IT services, the decrease in demand for domestic IT serv-

ices will lead to a concomitant fall in consumption of domestic IT goods.  The following two hypotheses 

represent the ideas in our foregoing discussion: 

• Hypothesis 2a (The IT Offshoring and Productivity Adverse Complementarities Hypothe-
sis). IT services offshoring in OECD countries will be associated with a decline in the productiv-
ity of the IT industry at the country level of analysis. 

• Hypothesis 2b (The IT Offshoring and Efficiency Adverse Complementarities Hypothesis). 
IT services offshoring in OECD countries will be associated with a decline in the efficiency of the 
IT industry at the country level of analysis. 

These adverse complementarities hypotheses capture the effects of IT offshoring on the performance 

of a country’s IT industry that we believe will be observed. Table 1 summarizes our hypotheses and lists 

the variables, primary or countervailing forces and effects, the explanations of what happens in the indus-

try process-wise, and the expected impacts on the performance of the IT industry. 

Table 1. Summary of the IT Goods Imports and IT Services Offshoring Hypotheses 

VARIABLE PRIMARY OR  
OPPOSING FORCES 

INITIAL 
EFFECT PROCESS EXPLANATION IT INDUSTRY 

OUTCOMES 
OVERALL 
EFFECT 

Knowledge spillovers 
Substitution  

+ 
 - Productivity  + IT Goods    

  Imports Knowledge spillovers  
Substitution 

+ 
 - 

Technical progress is the 
dominating factor for pro-
ductivity and efficiency im-
provement. Efficiency + 

Complementarities  - Productivity - IT Services  
  Offshoring 

Complementarities  - 

Services sector = 50%+ IT 
offshoring, so adverse com-
plementarities outweigh cost 
efficiencies. Efficiency - 

3. MODELS  

To explore the impacts of imported IT goods and IT services offshoring, we extend the production 

framework and apply a two-stage stochastic frontier model by considering country-specific characteristics. 

We introduce two models and discuss the rationale for using stochastic frontier analysis. We also discuss 

the model specifications.  



 

 

6 

3.1. Basic Concepts 

The Cobb-Douglas function is economic input-output correspondence that can be used to estimate 

productivity. The Cobb-Douglas function has been extensively applied in the IS literature. In our interna-

tional context of the IT industry of OECD countries, it can be written as: Output = G ⋅ Capital β1 ⋅  Labor  

β2. Output is the output level of a country’s IT industry. G is a technological change parameter that cap-

tures the amplifying effects of technology on the input parameters. Technological progress is known to 

drive efficiency gains. Capital and Labor are input variables. This kind of model has been used to study 

IT productivity in the cross-country context, as a means of achieving robust results at the aggregate level 

of the economy (Dewan and Kraemer, 2000). 

Stochastic frontier analysis is based on production theory in microeconomics and its associated 

methods (Aigner et al., 1977). It is used to measure the difference between the ideal and observed output 

level of a producer with a given production process employing a given set of inputs. This difference in 

output levels can be further decomposed into technical efficiency and random fluctuations that are out of a 

producer’s control. The fundamental idea is that a deviation in observed output from the ideal output 

might not be entirely under the control of the producer but due to random factors (Greene, 2008). 

In measuring efficiency, it is critical to identify random deviations in efficiency (e.g., due to bad 

weather, electricity outages, machine breakdowns, etc.) to achieve a better understanding of performance. 

Figure 1 illustrates a stochastic production frontier based of the log form of the multiplicative Cobb-

Douglas function. The variables xi denote the inputs and log outputs for unit of analysis i, which can be 

firms, industries or countries, without loss of generality. Two countries, A and B, to show the relationship 

between the inefficiency effect – the managerially-controllable difference from the production frontier – 

and the noise effect or random error. 

 

Figure 1.  Stochastic Production Frontier Concepts (Coelli et al., 2005) 

3.2. The Productivity and Efficiency Models 

Amiti and Wei (2005) used the technological change parameter of the Cobb-Douglas model, repre-

senting total factor productivity, to estimate the impacts of services offshoring on productivity at the in-
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dustry level. Park et al. (2007) used a similar approach to explore the impacts of domestic and foreign IT 

stocks on national productivity. We will extend this model to capture the effects of the globalization of IT 

goods and services.  We specify the production frontier for the IT industry in the OECD countries from 

2000 to 2006 industry productivity and efficiency performance. We also take into account country and 

time-specific heterogeneity (Greene 2004), as follows:  

      Cobb-Douglas Productivity Model:  

         Outputit = G(ITImports / GDPit, ITOffshoring / GDPit, FDI / GDPit) Capital β1 Labor β2  

         lnOutputit = β0 + β1 ln Capitalit +β2 ln Laborit + β3 ITImports / GDPit                       

                                +β4 ITOffshoring / GDPit + β5 FDI / GDPit + εit 

      Two-Stage Stochastic Frontier Efficiency Model:  

• Stage 1 (measurement of inefficiency u): 

lnOutputit  = γ0  + γ1 ln Capitalit + γ2 ln Laborit  +  νit  –  uit 

with uit  ~ |N(µit, σu
2)|, vit  ~ N (0, σv

2) 

• Stage 2 (explanation of inefficiency u): 

 uit  =  α + γ3 ITImports / GDPit + γ4 ITOffshoring / GDPit + γ5 FDI / GDPit + ϕit 

Hejazi and Safarian (1999) argued that focusing exclusively on trade or FDI may lead to biased esti-

mation of the growth effects of an international orientation. For example, foreign affiliate sales and trade 

exports to the same market are both complements and substitutes (Blonigen, 2001). Our representation of 

IT globalization is that it occurs through data on IT products imports and IT services offshoring. To con-

trol for potential bias, we attempted to use IT-specific FDI in our analysis, but the lack of data limited this 

option. We only had access to overall FDI at the country level. Having only aggregate FDI may restrict 

the fidelity of our reading on the IT industries, so we included FDI inflows as a quasi-control variable 

rather than an explanatory variable. 

Imports of IT goods, IT offshoring, and FDI are all aggregated at the country level. To control for the 

size of a country’s economy, we divided each of the three variables by gross domestic product (GDP), 

that is, ITImports / GDP, ITOffshoring / GDP, and FDI / GDP.  If we were to consider imports of IT 

goods specific to a country’s IT industry alone, we would not be able to capture the substitution effects 

between domestic IT goods and imported IT goods consumed in the country. The same argument applies 

to IT offshoring: if we only were to use data specific to a country’s IT industry, we would overlook the 

complementarities between IT production and IT services. IT services require the consumption of IT 

goods that are provided by either domestic IT producers or foreign IT vendors through imports. When 

domestic IT-using industries acquire less IT services or when they offshore IT services to other countries, 

the demand for IT goods produced by the domestic IT industry should decline. This complementarity 
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needs to be captured in the international context, and our models and data serve to accomplish this.  

4. DATA COLLECTION AND VARIABLES 

We collected panel data on IT industry production and IT globalization from fourteen OECD coun-

tries during 2000 to 2006. 3 The data sources included the OECD, the World Trade Organization (WTO), 

the United Nations (UN), and the World Bank. The production data on the IT industry came from 

OECD’s Structural Analysis database (STAN), which defines the IT industry in terms of the category of 

“Office, Accounting and Computing Machinery” following the International Standard Industrial Classifi-

cation Revision 3 (ISIC Rev. 3).  

Table 2. Data Sources 

VARIABLE DESCRIPTION SOURCES 

Output IT industry gross output (ISIC Rev. 3 Code 30) (constant 
2000 $) OECD Stan Database 

Capital Stock 
Estimated net stock of fixed assets via the series of gross 
fixed capital formation of IT industry and geometric age-
price profiles (constant 2000 $) 

OECD Stan Database 

Labor IT industry employee compensation (constant 2000 $) OECD Stan Database 
IT Goods 
  Imports 

Imports of office and telecom equipment (SITC Codes 75, 
76 and 776).  World Trade Org. 

IT Offshoring Computer and information services (EBOPS 262)  UN Service Trade  
   Database 

FDI Net inflows of foreign direct investments World Bank 
GDP National gross output. World Bank 
Notes. EBOPS 262 = “Extended Balance of Payments Services:” computers (hardware, software, and data processing), 
news agency (provision of news, photographs, and feature articles to the media), and other information services (data-
base services and web search portals). 

Measures of capital stock at the international level are known to be difficult to collect. Only a limited 

number of national statistical offices in the OECD countries publish capital stock data on a regular basis. 

Also, there are issues with the international comparability of the national data of the countries that collect 

it (Schreyer and Webb, 2006). Although the STAN database provides a standard industry classification 

that mitigates the data comparability issues to some extent, measuring capital stock at the industry level 

has proven to be an insurmountable hurdle: the STAN database only provides gross capital stock for six 

out of thirty member countries. This makes the design of an industry-level analysis untenable. 

The strength of the STAN database that we can draw upon, however, is that it provides rich informa-

tion on net capital flows at the country and industry levels. With this data in mind, we implemented an 

approximation method attributable to Kohli (1982) that was suggested by the OECD (2008) productivity 

measurement manual. It can be used to estimate initial capital stock in a given year, working forward 

                                                
3 The OECD countries included are Austria, Belgium, Czech Republic, Finland, France, Germany, Greece, Italy, 
Korea, Norway, Poland, Sweden, the United Kingdom and the United States. Some notable exceptions are Canada, 
Denmark, the Netherlands and Japan, among others.   
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from the earliest net capital flows that an analyst is able to acquire to the given year. Because this is an 

approximation though, it is prudent to have a set of initial net capital flows for several years in the past to 

achieve an estimate of the initial capital stock. This is a means of providing a degree of within-data set 

validation. In fact, this was the main constraint we had to overcome in constructing our panel data on the 

OECD countries, since in 1989, there were only 24 members and not every country reported national sta-

tistics at the industry level. 

Applying this approximation, we estimated the initial capital stock at t = 0 for country i as follows: 

TotalCapitali0 = InvCapitalFlowi0 / (GrowthRatei + DeprecRatei ). In this expression, InvCapitalFlowi0, is 

the initial investment capital flow into country i. The growth rate, GrowthRatei, of the investment capital 

flow was calculated with the earliest ten years of investment data that we had available. We assumed an 

appropriate depreciation rate, DeprecRatei, of 5%, which was used by Park et al. (2007), in their Informa-

tion Systems Research study of the impact of international IT Transfer on national productivity. Once we 

obtained the initial capital stock, TotalCapitali0, we then computed the subsequent values of the capital 

stock series using the perpetual inventory method via the following relation (with the country subscript 

suppressed): TotalCapitalt = TotalCapitalt-1 ⋅ (1- DeprecRatei) + InvCapitalFlowt-1.  

For IT services offshoring and IT goods imports, we used UN data for the imports of “Computer and 

Information Services,” and WTO data for the imports of “Office and Telecom Equipment.” For the im-

pacts of IT globalization, we collected the net inflows of GDP and FDI to the various countries from the 

World Bank. We then included them as control variables in our models to account for the economy size, 

and a country’s external orientation, beyond the level of trade in which it engages.4 (See Table 3.) 

Table 3. Descriptive Statistics 

VARIABLES MEAN STD. DEV. MIN MAX 

IT Industry Production (millions of constant 2000 $) 
  Output (gross output)  $4,970 $10,590 $7,554 $58,364 
  Labor (employee compensation)     $    331 $     387  $  372 $  1,741 
  Capital (estimated fixed assets)  $5,135 $10,081  $      0.42 $47,958 
IT Globalization Ratio 
   ITImports / GDP (inflows of IT hardware  
     equipment divided by GDP) 3.254 1.561 1.122 8.372 

   ITOffshoring / GDP (IT services  
     offshoring divided by GDP) 0.199 0.152 0.145 0.590 

Outward Orientation Ratio 
   FDI / GDP (net inflows of foreign direct  
     investments divided by GDP) 3.338 3.282 -0.323 15.732 

                                                
4 Kauffman and Kumar (2008) have pointed out that data availability in the international IT impact research nor-
mally takes two years for international agencies and governments to assemble, another typical limitation on the con-
struction of data sets for this kind of work.  
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5. RESULTS 

We next present our estimation results for the productivity and efficiency models, and evaluate their 

implications for the hypotheses that we stated earlier in Section 3. Since we are dealing with a relatively 

small sample of OECD countries’ data, we also will discuss additional robustness evaluations that we car-

ried using statistical re-sampling methods, as a basis for increasing the credibility of our claims for the 

empirical results. 

5.1. Estimation Results 

To examine the performance of the IT industry in the context of IT globalization, recall that we used 

an extended Cobb-Douglas function for productivity assessment and a two-stage stochastic frontier model 

for efficiency measurement. Table 4 shows the estimated impacts on productivity and efficiency. A posi-

tive sign on a coefficient estimate indicates that the variable has a negative impact on efficiency.  

Our results show that ITImports / GDP has a positive impact on productivity, lending empirical sup-

port to our IT Goods Imports and Productivity Hypothesis (H1a). Knowledge embedded in the import 

process for foreign-made IT goods appears to bring about technical progress – the driving force for pro-

ductivity improvement – for the domestic IT industry among the OECD countries that we studied. In 

terms of efficiency, knowledge spillovers also appear to outstrip the substitution effects, leading to a posi-

tive net impact on efficiency. This finding is in accord with the IT Goods Imports and Efficiency Hy-

pothesis (H1b). ITOffshoring / GDP has a negative impact on productivity, according to our estimation 

results, which supports the IT Offshoring and Productivity Adverse Complementarities Hypothesis (H2a). 

A reduction in demand for domestic IT services due to IT offshoring diminishes productivity, most likely 

through a process that leads to a reduction of the scale of domestic IT production. Thus, IT offshoring is 

associated with adverse complementarities that develop between IT services and IT production. We also 

find that such adverse complementarities hurt efficiency, a result that is consistent with the IT Offshoring 

and Efficiency Adverse Complementarities Hypothesis (H2b). 

Table 4. Productivity and Efficiency Results for the OECD Countries, 2000-2006 
VARIABLE PRODUCTIVITY EFFICIENCY 

 COEFF. STD. ERR. COEFF. STD. ERR. 
ln Capital   0.481***  0.045   0.536***  0.046 
ln Labor   0.454***  0.076   0.494***  0.079 
ITImports / GDP  0.177***  0.050 -0.095***  0.030 
ITOffshoring / GDP -1.658***  0.586 0.643**     0.321 
FDI / GDP -0.110***  0.026   0.060***  0.015 
Adj.-R2 91% 25% 
Notes. Models: For productivity estimation, extended Cobb-Douglas function; for efficiency estimation, 
first-stage stochastic frontier analysis (results marked with lighter gray background), and second-stage re-
gression (results marked with darker gray). Unit of analysis: 14 OECD countries for 7 years, with some 
missing data; N = 85. Signif.: * = p < 0.10; ** = p < 0.05; *** = p < 0.01. Interpretation: Positive signs on 
coefficients indicate a negative impact on efficiency. 
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5.2. Statistical Re-Sampling for Ensuring Small Sample Robustness 

Since our data consist of only fourteen OECD countries, one can raise the question about the robust-

ness of the parameter estimates and results that we have established based on such a small sample. To 

enhance the validity of our results and our confidence in the conclusions we have drawn, we also per-

formed a small sample statistical re-sampling technique called jackknifing to estimate the precision of our 

sample statistics, especially the standard errors and confidence intervals of the estimate of a variable’s 

coefficient in a regression (Miller 1964). 

The jackknifing procedure was originally proposed by Quenouille (1949) to estimate the bias of a 

one-sample estimator. Tukey (1958) later found that jackknifing can also be used to construct variance 

estimators. Similar to bootstrapping, which permits random re-sampling with replacement, jackknifing 

allows an analyst to compare the coefficient estimates based on an entire data set with a new estimates 

obtained by iteratively calibrating the model with a subset of observations that are left out (Miller 1964). 

This provides a basis for estimating the bias and standard error of an estimator (Miller 1968), through the 

assessment of pseudo-values, which are sub-sample estimates of the parameter of interest. The variant of 

the jackknifing method that we will apply is systematically re-computing the estimator of interest by leav-

ing out one observation at a time from the sample data set (Schechtman and Wang, 2004). Jackknifing-

generated parameter pseudovalue estimates support the assessment of the variability of a statistic in a full 

sample versus in comparison with its sub-samples, rather than via some more restrictive parametric 

assumptions. Jackknifing is applicable to complex sampling schemes, such as multi-stage sampling with 

varying sampling weights as well (Shao and Tu, 1995). 

Advances in the application of jackknifing in the 1970s and 1980s support the broad application of 

the method to a range of problem settings where there is an interest establish a reading on the true value 

of some parameter θ based on the parameter pseovalues than can be obtained via a function of the 

regression θ = f(β), for the range of supported linear and non-linear models (Miller 1974a, 1974b). 

Jackknifing leads to the elimination of observation i  (a country in our application), with the resulting sub-

sample parameter of   

� 

ˆ β −1, the least squares estimate of   

� 

ˆ θ − i = f ( ˆ β − i) . The related jackknife estimate of the 

function θ = f(β) for n observations then is given by     

� 

˜ θ = n ˆ θ − (n −1)( ˆ θ −1 /n)∑ , with the standard error of 

the pseudo-values as     

� 

˜ θ − i = n ˆ θ − (n −1) ˆ θ −1, which is also a consistent estimate of the asymptotic standard 

deviation of . See Miller (1974a) for more details. 

The Productivity Re-Sampling Results. We next consider the jackknife re-sampling results for the 

iterative estimation of the Cobb-Douglas production model. We depict the variation of the coefficient 

estimates for the ITImports / GDP and ITOffshoring / GDP in the productivity model estimations in 
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Figure 2. (See Appendix Table A1 for the details of the jackknife estimation results in comparison to the 

estimates produced from the full sample in the Full Sample column.)  

ITImports / GDP Pseudo-Values  
in the Productivity Estimation (H1a) 

ITOffshoring / GDP Pseudo-Values  
in the Productivity Estimation (H1b) 

 
 

 
 

Figure 2.  Jackknife: Knowledge Spillovers and Substitution Hypotheses Results 

The main observation that should be made here is that the re-sampling-based productivity results 

exhibit some variation of the relevant coefficients, reflecing the distribution of jackknife pseudo-values. 

(See Figure 3.) They nevertheless appear to be similar to the full sample results. (See Table 4 and 

Appendix Table A1.) An exception is the estimate for the IT goods imports variable when the Czech 

Republic is dropped. In addition, the coefficient estimates for IT services offshoring are similar for all of 

the estimations that were run with individual countries iteratively dropped out, except for when Belgium 

was dropped. (See Figure 3 again.) The coefficient estimates for the exceptions have the same signs; it is 

just that they became insignificant.  

Thus, the jackknifing results for the effects of IT goods imports and IT services offshoring relative to 

the productivity of the IT industry at the country level among the OECD countries provide additional 

evidence of the robustness of our conclusions regarding the knowledge spillovers and substitution 

hypotheses (H1a and H2a). IT good imports have a positive impact and IT outsourcing has a negative 

impact on the productivity of the IT industry.  

The Efficiency Re-Sampling Results. We next consider the iterative re-sampling estimation results 

for efficiency in the stochastic frontier analysis. We applied the jackknife procedure to the second stage of 

our two-stage stochastic frontier model only.  We did not need to do this for the first stage, since it only 

measures technical efficiency. This should be determined based on the whole data set. In contrast, the 

second stage attempts to explain efficiency variations across the OECD countries IT industry. The results 

of this second analysis are shown next. (See Figure 3.)  
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ITImports / GDP Pseudo-Values 
in the Efficiency Estimation (H2a) 

ITOffshoring / GDP Pseudo-Values 
in the Efficiency Estimation (H2b) 

 
Range of Pseudo-Values 

 
                           Range of Pseudo-Values 

Figure 3.  Jackknife: Adverse Complementarities Hypotheses Results 

Figure 3 shows the distribution of pseudo-values for the ITImports / GDP and ITOffshoring / GDP in 

the context of the efficiency estimation. We can use these results to assess whether greater or lesser 

confidence should be accorded to our adverse complementarities hypotheses. The relatively tight 

distribution of coefficients’ pseudo-values around the estimated values of the coefficient in the full 

sample offers further encouragement on the robustness of our primary findings. The efficiency results 

based on the jackknife method are very consistent for IT goods imports, and relatively (if not perfectly) 

consistent for IT services offshoring also. The coefficient pseudovalue estimates for IT goods imports are 

all significant and negative, except when the Czech Republic is left out of the jackknife data set. The 

coefficient pseudovalue estimates for IT services offshoring also are significant and positive for all but 

five of the fourteen countries. (See Appendix Table A2 for the details of the results that are summarized 

in Figure 3.) Where there are findings that did not match our expectations for some of the countries, the 

pseodovalues all have the same signs; they were not significant though. From this additional analysis, we 

feel stronger in asserting our conclusion related to the adverse complementary hypotheses: IT goods 

imports have a positive impact and IT services offshoring has a negative impact on the efficiency of the 

IT industry among the OECD nations that we studied. 

5.3. Results for a Control Variable: Foreign Direct Investments 

Although foreign direct investments (FDI) is not a variable of our main interest and its measurement 

is at the country level, we noticed that its estimated impacts on both productivity and efficiency of the IT 

industry were significant and negative. (See Table 4, and Appendix Tables A1 and A2.) To probe this 

result further, we estimated one-year and two-year lagged models for FDI, and the results were consistent: 

they still indicated negative impacts for FDI on productivity and efficiency. (For brevity of exposition, we 

omit the results here, since there is no new information that the reader will take away from them.) These 

results appear somewhat surprising. However, the empirical research on the spillover effects of FDI have 

been mixed in the literature (Lipsey 2002; Smeets 2008; Zhu and Liu, 2007). Moreover, some researchers 
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have argued that positive impacts of FDI may only exist through backward linkages or vertical FDI (Har-

ris 2009; Smarzynska 2002).  

Vertical FDI occurs when multinational companies transfer knowledge to their local suppliers to 

maintain or improve product quality, while taking advantage of the lower cost of local suppliers (Mar-

kusen and Venables, 2005). This results from efficiency or resource-seeking incentives for investors. 

Horizontal FDI due to increased market competition may bring negative knowledge spillovers, however 

(Javorcik, 2004; Javorcik et al., 2004). Horizontal FDI occurs when multinational companies have incen-

tives to prevent such competitive position-compromising information leakages (Markusen, 1995). Com-

petition from foreign investors puts pressure on domestic firms’ market shares (Aitken and Harrison, 

1999). Domestic IT goods producers, as a result, will lose market share to foreign competition, and suffer 

from decreases in productivity and efficiency. Since our data covered mostly developed OECD countries 

that have mature markets, these countries probably mostly have horizontal FDI, which is mainly driven 

by market access opportunities, and not cost advantages. FDI in the OECD countries, thus, is likely to 

bring about negative impacts.  

We have seen this with the mobile phone market in the U.S.  LG Corporation’s (www.lg.com) 

CDMA mobile phones were the bestsellers in the U.S. in the 2002 to 2005 period (LG Press Release, 

2005). LG is based in Seoul, South Korea. It manufacturers its mobile phones in China, which makes it 

hard for most U.S. domestic producers to compete – even when they do global sourcing. Another example 

is microcomputers and PCs. The U.S.’s second largest producer of PCs, Dell Inc., saw its market share of 

PC sales decline rise by just 0.1 percentage point to nearly 15% in the U.S. in 2008. Meanwhile, Taiwan’s 

Acer (www.acer-group.com), the third largest seller of PCs in the world, achieved a three percentage 

point increase to 10.9% share during the same period (Vance, 2009). Acer purchased the American PC 

producer-retailer Gateway Inc. in August 2007. Both companies represent cases of horizontal FDI. Still, 

our analysis is based on national-level FDI. It would be more informative if we had been able to gain ac-

cess to FDI data that were specific to the IT industry in the OECD countries, but these simply were not 

available.  

6. DISCUSSION 

We next offer some final observations about the methods innovations we have leveraged, and why re-

search in the IS discipline should not shy away from small sample empirical research. As Box and Draper 

(1987, p. 74) have reminded us, “[e]ssentially all models are wrong, but some are useful,” including those 

we parameterize with model-based statistical estimates. We also comment on the nature of the rich in-

sights that this research has to offer to theory-building and policy-making efforts on IT offshoring.  
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6.1. “Small Is Beautiful:” Valuing Empirical Research with Hardly Any Data At All 

In this research, we have employed a couple of innovations that we would like to point out to others 

so they will be encouraged to study settings in which it is hard to do meaningful empirical research. In 

this case, our primary challenge was with finding data to take this work – and the resulting contributions 

to new knowledge – beyond the level of individual case study or cross-case analysis. Indeed, there were 

some OECD countries that had data available for all the variables that were important to us in this re-

search. But if we had not taken a more aggressive approach to the construction of our data set – with mul-

tiple agency data sources, multiple methods for building “good enough” measures, and advance thought 

given to validating the crucial IT capital measures that we use at the country level – we would not have 

been able to accomplish much. 

Perhaps one of the strongest methods-related messages that we can leave with the reader is that hav-

ing access to a lot of data sometimes can misdirect the investigator away from important problems and the 

necessity for thinking through what it will take to achieve useful insights in theory and business policy 

terms. For example, we are reminded of the seminal work in software engineering economics by Chris 

Kemerer of the University of Pittsburgh, who published one of the early empirical validations of the al-

ternate software cost estimation models in the 1980s (Kemerer 1987). He studied function point analysis, 

a method which offered a lower cost means to collect proxy measures for gauging software output size 

that was shown to perform well relative to the less robust measurement of source lines of code across dif-

ferent development environments. The author, pointing to the well-known work of two other leading 

software engineering economists, Barry Boehm at the University of South California and Allan Albrecht 

of IBM White Plains (now IBM T. J. Watson Research Center), commented: 

“… 15 projects qualified for inclusion in the study. The researcher or practitioner interested in 
large business applications is likely to find this data set to be a useful contribution for two rea-
sons: First, in terms of sheer number of projects, it compares favorably with a number of other 
published studies ... Second, and more important than the number of projects alone, is the content 
of the database. This database contains large business applications, 12 of which were written en-
tirely in Cobol, the most widely used business data-processing language. By contrast, Boehm’s 
63-project database contains only 7 business applications, of which only 4 were written in Cobol. 
Albrecht’s 1983 database contains 18 Cobol projects, but with an average size of only 66 [thou-
sand source lines of code]. The average size of Cobol applications in the ABC database is 221 
[thousand source lines of code].” Kemerer (1987, p.  419) 

Most researchers – doctoral students and faculty alike – are likely to view an empirical study with 

only fifteen software projects (like Kemerer’s) or fourteen countries (like ours) as a poor candidate for 

being able to make a meaningful contribution to theory and practice in a well-developed sub-field of 

knowledge in an academic discipline. They might even view it with derision, and believe that others who 

are conducting the research might be wasting their time for the want of “better” problems that offer the 

investigator access to much richer data sets. 
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Nothing could be farther from the truth though. This perspective fails to recognize that the “right” 

perspectives, tools and expectations can be brought to bear on the problem, in order to generate new 

knowledge. Kemerer’s work is an exemplar in this respect. It contains innovative data analysis and mod-

eling, and rich comparisons across different approaches to software size estimation within the limited pro-

ject data. More importantly, he offers a set of extraordinary revelations about how much new knowledge 

can be extracted from such a “small slice” of the world of software development project management in 

large organizations. This is a valuable lesson for IS researchers to learn – even those of us who are used to 

large data sets, high-powered panel data econometrics, and the ample degrees of freedom for model speci-

fication that go along with these. This lesson is suggestive of the high frontier of new knowledge that 

awaits our discovery, so long as we have the courage to innovate a bit to tap into it.    

Another interesting and recent example of “empiricism in the small” has nothing to do with IS re-

search, but it nevertheless is instructive to drive home our key methods message in this research: empiri-

cal research with small data sets can be quite powerful.  The relevant work is by economists, Bentley Cof-

fey of Clemson University and Patrick McLaughlin of the United States Federal Railroad Administration 

(Coffey and McLaughlin 2009). They studied the extent to which women with “nominally more mascu-

line names” were more likely to become judges in South Carolina. They used state voting records for the 

elections of officials to fill state judiciary position. In spite of starting with 2.25 million voters, ultimately 

their sample included only 156 male and 52 female judges. Further, among the female judges, relatively 

few had names that were very masculine. Nevertheless, the authors sought to validate the Portia hypothe-

sis: the idea that women with more masculine names might be more electable to judicial positions that 

were traditionally held by men. 5 Their innovation – beyond the act of asking such an interesting research 

question in the first place – was to figure out how to create metrics to score “nominal masculinity,” and 

then work with the statistical re-sampling method of 10,000- iteration random bootstrapping. Their results 

showed that female judges are five time more likely to achieve an elected state judgeship if they have 

nominally more masculine names. Coffey and McLaughlin (2009)’s article, in spite of its recent vintage 

and the limited data it employs on female judges with masculine names, is a work that is likely to reach 

“seminal paper” status in a relatively short time.   

The reader surely will understand the point we are trying to make now: what matters most in research 

is the quality of the problem that is being studied, and not the availability or the amount of data that the 

investigator uses to study it. In contributing this research article to the newly-established Pacific Asia 

Journal of the Association for Information Systems, we hope that this message will come through – in 

addition to our theory and policy-related findings.   

                                                
5 Shakespeare’s character, Portia, dressed as a man to impersonate a lawyer, so she could plead against the court’s 
judgment of her lover, Antonio, the Merchant of Venice, having to pay off his creditor with a “pound of flesh.”  
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6.2. Theory and Policy Implications 

Lou Dobbs, a leading American journalist and for nearly 25 years at American news giant CNN, and 

its top economics correspondent and business anchor in North America, has railed against the “evils of 

outsourcing,” including lost jobs, depressed wages, declining corporate control of business processes, and 

new vulnerabilities for the theft and exploitation of sensitive, private data. Although some concerns can 

be raised about the substitution of imported IT goods for domestic ones, others have suggested a much 

more positive set of outcomes from IT offshoring. For example, the Information Technology Association 

of America commissioned Global Insight (www.globalinsight.com) (2004) to do a study on IT offshoring 

and its impacts on the American economy. From 2004 to 2008, the study predicted, 317,000 new jobs 

would be created from incremental new economic activity that was made possible by offshoring, along 

with further expansion in non-IT offshoring services and US$124.2 billion in GDP that would not materi-

alize in the absence of IT offshoring. Global Insight also reported that outsourcing will lead to higher pro-

ductivity, though the mechanism for this that was proposed was not identified.   

The knowledge spillovers that result from IT goods imports can also lead to improvements in produc-

tivity and efficiency. After accounting for these two forces and their interaction, our research has found 

that IT goods imports have a positive net impact on the productivity and efficiency of IT industries in the 

OECD countries. In comparison with prior research on the impacts of technological change on labor pro-

ductivity, Eaton and Kortum (1996, p. 251) have commented that “(w)here technological change origi-

nates and how it spreads across countries is less well understood.” They further pointed out that the ma-

jority of OECD countries obtain over 90% of their productivity growth from ideas that originated abroad. 

Previous studies also confirmed that international technology diffusion occurs through R&D activities 

and licensing agreements in the PC industry (e.g., Anand and Khanna, 2000; Mendi, 2007). Consequently, 

our results complement the research stream by exploring the diffusion of international IT capabilities 

through the international trade of IT goods.  

Though welfare gains at the economy level from IT offshoring have been recognized in the literature, 

we found that IT offshoring has negative impacts on the performance of the OECD countries’ IT industry 

in terms of productivity and efficiency. This is analogous to the dilemma we have seen arise elsewhere in 

electronic commerce. An example is person-to-person (P2P) file sharing, which has had negative impacts 

on the creative artists who compose music (due to loss of ability to enforce copyright) and the music 

industry as a whole (through reduced song and album sales in the face of piracy), but positive impacts on 

social welfare in general.  

McLaren (2000) has argued that globalization provides firms in countries that are suppliers and buy-

ers in international trade with more options to pursue in their procurement strategies, mitigating the poten-

tial hold-up problem (Voeth and Herbst 2006, Williamson 1995). Broda and Weinstein (2006) have 
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shown that globalization increases the product variety that firms can offer, which in turn has the potential 

to improve a country’s national social welfare. Due to the adverse complementarities between IT produc-

tion and IT services though, IT offshoring – based on our results – has demonstrated negative impacts on 

the productivity and efficiency of the OECD countries’ IT industry. Policy-makers and government offi-

cials need to be cognizant about this trade-off. Though benefits from IT offshoring are being achieved at 

the national level, they also need to be aware of the possible negative impacts on the domestic IT 

industry’s performance.  

Since most outsourced IT activities tend to involve low skill requirements, most IT equipment that is 

needed to perform these IT activities being outsourced is obtained as price-sensitive commodity-type 

technology products (e.g., PCs and printers). Kramer and Dedrick (1998) found that price competition in 

commodity IT hardware markets is fierce, and Asian producers have cost advantages over those in the 

U.S. and other OECD countries. Additionally, in commodity markets for PCs, brands yield little differen-

tiation power (Bresnahan et al., 1997). Thus, foreign outsourcing IT services vendors should favor less 

expensive IT equipment produced by low-cost IT manufacturers either locally or in developing countries, 

instead of brand name IT products from companies in the outsourcers’ own developed countries.  

Yet, the IT producers in the OECD countries have competitive advantage in high-end product lines. 

For example, Red Hat (www.redhat.com) recently announced that its open source cloud computing solu-

tion is available on HP’s (www.hp.com) high-end BladeSystem Matrix (HP Press Release, 2009). In the 

markets for high-end IT products, functionality and quality are more important than prices. As a result, 

there will be more attractive profit margins and higher value to be appropriated than in the intensely com-

petitive markets for commodity IT products. Thus, in response to the demand reduction for IT products 

brought by IT offshoring, the IT industry in the OECD countries should focus more on the production of 

high-end products that can yield more value-added.  As we know from observed firms such as Intel, HP, 

IBM and Sun Microsystems, it is necessary to pursue a strategy of continuously technology investment 

and R&D. This is consistent with Aspray et al.’s (2006) argument on IT offshoring that as firms get their 

IT routines wired from abroad, IT workers previously in non-core functions will be reassigned to core 

business processes or activities that require intensive quality control and staff involvement.  

Thus we see that this research offers methods, theory, and policy insights for the specific context that 

we studied, as well as more broadly, for international settings involving trade in IT goods, IT offshoring, 

and FDI. Although we will not claim that our research design is “first-best” for the setting we have ex-

plored – the data simply did not permit that – nevertheless, the policy-making ideas and industry-related 

perspectives that we have been able to develop from it suggest the high relevance of this form of engaged 

scholarship for international business and government. 
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7. CONCLUSION 

The performance of the IT industry in OECD nations is critical to their national economies. This is 

true based on the supply-and-demand relationship between IT-producing and IT-using industries in these 

countries.  Although previous research has shown that the IT industry facilitates a country’s economic 

performance (Oliner and Sichel, 2000), we have probed the issues more deeply. Our goal has been to un-

derstand the extent to which the performance of the IT industry in OECD countries is affected by increas-

ing globalization of industry production, through IT goods imports and IT services offshoring. To pro-

duce new knowledge in this domain of study, we applied two associated methods from production eco-

nomics: an extended Cobb-Douglas production model and a two-stage stochastic frontier approach. These 

two methods enabled us to examine how the productivity and efficiency of the IT industry in fourteen 

OECD countries has been affected during the past decade. We have done this work with confidence in the 

value of small sample statistics methods, and a sense that important research can be done with hardly any 

data at all, if the analyst brings the “right” theory, models and methods to the work. 

Since the IT industry is one of the drivers of economic growth in most developed countries, our 

analysis is useful for the implications it offers to policy-makers. Our results are suggestive of the conse-

quences of increasing IT trade and IT offshoring. Our research contributes by offering three distinct ex-

planatory and predictive perspectives – the theories of knowledge spillovers, substitution and complemen-

tarities theory – to explain the changing dynamics of IT globalization. Our research has considered all 

three and the interactions among them simultaneously. Our findings suggest that the knowledge spillovers 

and substitution effects theories compete with one another, so that establishing an explanation of the phe-

nomena that we observed in the selected OECD countries requires an analyst to determine which of the 

theories is likely to be consistent with the dominant effects that are observed. Our assessment of the rela-

tionships between IT production and IT offshoring suggested that a theory of adverse complementarities 

may be appropriate to explain what is happening with the underlying cross-industry processes. 

Although this research represents one of the first attempts to examine the productivity and efficiency 

of IT industry in the presence of the globalization of IT goods and services, it has several limitations that 

are worthwhile to point out to the reader. First, we stated early on in this article that a data set comprised 

of only fourteen OECD countries presented some challenges for us to establish the robustness of the con-

clusions we have attempted to draw about our two groups of hypotheses. Our use of the small sample sta-

tistics technique of jackknifing reflects our effort to do the best we can with the limited data at hand, by 

providing a fuller reading on what the data can tell us, and especially the extent to which such a small 

amount of data might bias our conclusions.  

Second, we also have pointed out to the reader that it was difficult for us to acquire data on exactly 

those variables that we wished to study. Capital stock data for IT were not directly available at the indus-
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try level for all the OECD countries that we hoped to target. Our approach – and one that we hope the 

reader will believe offers an inventive solution to the data availability problem that we faced – was to ap-

ply a capital stock estimation method suggested by the Statistics Department of OECD, that has been used 

for different purposes in other macroeconomic analysis contexts. This method may be useful for other 

researchers who are constrained by the unavailability of capital stock data, and where its imputation can 

be accomplished for various analysis settings.  

A third limitation is due to the choice we made to model IT goods imports, IT services offshoring and 

FDI – all of which are at the aggregate country level – as opposed to the disaggregated industry level. 

This choice enabled us to estimate and explain some of the behavioral richness of the interactions be-

tween the IT industry and other IT-using industries. Nevertheless, it would have been even better for us to 

have been able to obtain data on the specific amount of IT goods imports that were consumed by each 

industry across the years of the study. But such data are not accessible to anyone now. 

This was due to the lack of disaggregated data that the various international agencies make available. 

The national economic statistics organizations of the OECD countries do not share the same practices 

with data collection, nor do they always choose to make it available to the OECD. The reader may note 

that Japan, an important OECD member nation, and one of the largest economies in the world in terms of 

its international trade, is not represented in our data.  Data on IT imports, capital and offshoring have not 

been made available by the Japanese Ministry of Economy, Trade and Industry (METI, www.meti.go.jp), 

or the Japan External Trade Organization (JETRO, www.jetro.go.jp), though these organizations are 

among the most sophisticated collectors of data on trade, economy and technology. Additionally, because 

our data were collected from multiple sources, it may also be the case that inconsistent measurement 

methods and quality controls effected by the different agencies might lead to potential measurement er-

rors and bias the results we have reported and the conclusions we have drawn.  Fortunately, our research 

is no more subject to problems with validity from this source than any other related work that has been 

undertaken to date in the OECD countries and international trade domain.  

Fourth, the IT industry, as defined by the OECD in the context of its macroeconomic analysis opera-

tions, only includes IT hardware products. It does not yet consider telecommunications and software. The 

OECD statisticians have another category called “Radio, TV and Communication Equipment” (ISIC 

3832). This category contains radio and television products that typically are not considered to be part of 

the IT domain. Another interesting observation is that the OECD – to date anyway – does not report data 

on software expenditures. This is a curious anomaly, and one that is likely to be addressed in the coming 

years, since software costs have persistently increased over the last two decades. Yet little concrete pro-

gress has been made to define the measures, track the data and interpret the cost trends for software de-

velopment and maintenance at the country level for OECD nations. Consequently, the examination of the 
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performance patterns of the software sector in the OECD context offers a promising, but even more data-

constrained avenue for follow-up research. 

Finally, the so-called newly-industrialized economies (NIE) may have some features that are different 

from those of the OECD countries, and this may further limit the generalizability of the conclusions that 

we have drawn for application in other settings. The NIE countries are key suppliers in the global supply 

chain of IT products – much more so than they are consumers of IT goods imports from other countries, 

or users of other countries’ IT services capabilities. Some examples of NIEs in the Asian context include 

China, Indonesia, Malaysia, Taiwan and Thailand. They are famous for their use of the original equip-

ment manufacturer (OEM) and original design manufacturer (ODM) business models in chipset and 

motherboard, modem and router, and PC and flat panel display production and manufacturing. Future re-

search should examine how the IT industries in these countries have reacted to the globalization of IT 

goods and services, and how the relationships between the NIE and OECD countries – as producers and 

consumers – has influenced the globalization of business. 
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APPENDIX. JACKKNIFE STATISTICAL RE-SAMPLING RESULTS 

Table A1. Productivity Results of the Jackknife Procedure 

VARIABLE FULL SAMPLE U.S. OUT U.K. OUT SWEDEN OUT 
ln Capital   0.481*** 0.403***      0.498***  0.476*** 
ln Labor   0.454*** 0.510***      0.407***  0.460*** 
ITImports / GDP   0.177*** 0.232***      0.177***  0.178*** 
ITOffshoring / GDP -1.658***       -1.157**     -1.650*** -1.742*** 
FDI / GDP -0.110***       -0.113***     -0.113*** -0.113*** 
Adj.-R2    91%            91%            91%    91% 
Sub-sample size 85            79            81 79 
 

VARIABLE POLAND OUT NORWAY OUT S. KOREA OUT ITALY OUT 
Ln Capital  0.442*** 0.464*** 0.487*** 0.481*** 
Ln Labor  0.510*** 0.566*** 0.453*** 0.453*** 
ITImports / GDP  0.157*** 0.219*** 0.241*** 0.185*** 
ITOffshoring / GDP      -1.803*** -1.686*** -1.976***       -1.600** 
FDI / GDP   0.157*** -0.103*** -0.127***       -0.110*** 
Adj.- R2        91%   91%   90%              91% 
Sub-sample size  79 78              78 78 
 

VARIABLE GREECE OUT GERMANY OUT FRANCE OUT FINLAND OUT 
Ln Capital  0.444***  0.483***  0.574***  0.496*** 
Ln Labor  0.483***  0.400***  0.376***  0.405*** 
ITImports / GDP  0.166***  0.192*** 0.105**  0.186*** 
ITOffshoring / GDP -1.836*** -2.072*** -2.188*** -1.596*** 
FDI / GDP -0.109*** -0.112*** -0.088*** -0.114*** 
Adj. R2     89%     91%     94%     90% 
Sub-sample size 82 78  78 79 
 

VARIABLE CZECH OUT BELGIUM OUT AUSTRIA OUT 
Ln Capital     0.488*** 0.469***   0.485*** 
Ln Labor     0.470*** 0.507***   0.453*** 
ITImports / GDP         0.073 0.156***   0.173*** 
ITOffshoring / GDP  -1.364**       -0.750        -1.604** 
FDI / GDP   -0.128***       -0.076**  -0.109*** 
Adj.-R2      92%            91%       91% 
Sub-sample size   78            80    78 
 
Note: To produce the results related to productivity in this table, we iteratively ran the extended Cobb-Douglas 
model to obtain the jackknife pseudo-values for all of the model’s parameters.  We used these pseudo-values to con-
struct Figure 2, as a basis for our evaluation of model robustness. We present the full sample results first, followed 
by the fourteen selected OECD countries in reverse alphabetical order.
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Table A2. Efficiency Results of the Jackknife Procedure 

VARIABLE FULL SAMPLE U.S. OUT U.K. OUT SWEDEN OUT 
ITImports / GDP -0.095***    -0.118*** -0.094***    -0.094*** 
ITOffshoring / GDP 0.643** 0.288 0.605** 0.494 
FDI / GDP  0.060***     0.064***  0.061***      0.063*** 
Adj.-R2    25%        27%    25%        23% 
Sub-sample size           85     79              81     79 
 

VARIABLE POLAND OUT NORWAY OUT S. KOREA OUT ITALY OUT 
ITImports / GDP -0.085*** -0.129*** -0.126***       -0.097*** 
ITOffshoring / GDP 0.731**  0.982*** 0.814**        0.628* 
FDI / GDP  0.055***  0.051***  0.068***  0.060*** 
Adj.-R2    25%    34%    24%    25% 
Sub-sample size 79 78 78              78 
 

VARIABLE GREECE OUT GERMANY OUT FRANCE OUT FINLAND OUT 
ITImports / GDP   -0.099*** -0.101***       -0.059** -0.100*** 
ITOffshoring / GDP 0.633*         0.533 1.099***         0.486 
FDI / GDP    0.059***  0.070*** 0.045***  0.064*** 
Adj.-R2      24%   27%   35%     23% 
Sub-sample size   78             78             78  79 
 

VARIABLE CZECH OUT BELGIUM OUT AUSTRIA OUT 
ITImports / GDP -0.026      -0.096***  -0.090*** 
ITOffshoring / GDP    0.567* 0.510 0.612* 
FDI / GDP        0.066***       0.059***     0.058*** 
Adj.-R2               28%                13%                23% 
Sub-sample size                78                80                78 
 
Note: To produce the results related to the estimation of efficiency in this table, we iteratively ran the second-stage 
regression model in the stochastic frontier analysis to obtain the jackknife pseudo-values for two key variables that 
relate to our hypotheses, ITImports / GDP and ITOffshoring / GDP, and the control variable FDI / GDP.  We used 
these pseudo-values to construct Figure 3, as a basis for our evaluation of model robustness. We present the full 
sample results first, followed by the fourteen selected OECD countries in reverse alphabetical order. 


