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Abstract

We examine the productivity benefits of IT outsourcing in the credit union industry, using

data on the population of U.S. credit unions from 1992-2005. Within-credit union switching

from internal IT to outsourced IT reduces operating costs by roughly 30%, once we control for

the endogeneity of switches. Less productive firms are more likely to outsource in the cross-

section, and more likely to exit. The reorganization from internal to external IT production is

responsible for as much as $6 billion in annual cost savings for the industry.
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1 Introduction

There is by now a broad consensus that information technology (IT) spurred accelerated produc-

tivity growth during the latter half of the 1990s, and perhaps beyond. Much of that acceleration

seems well-explained by the mechanics of a model in which the IT capital production has become

cheaper, spurring greater IT investment by IT users, shifting the capital/labor ratio and increasing

labor productivity.1 But there is also a growing sense that such a model may provide an incomplete

description of how IT affects productivity; for example, the full benefits of IT may only be realized

if productive activities themselves are reorganized.2 A canonical example of such reorganization is

the outsourcing of IT-related business services.

In this paper we estimate the productivity benefits of IT outsourcing, focusing on the idea

that IT outsourcing yields benefits above and beyond those simply generated by lower IT capital

prices. To see this, note that any firm outsourcing its IT could simply purchase IT capital and

produce IT-related services internally; both options should become more attractive as IT capital

prices fall. But observing that the overall costs of production are lower when a firm outsources

indicates a relative advantage to using the market rather than producing internally; it is a gain

from reorganizing production, in this case by changing the vertical structure of the market.3 This

may stem from greater efficient scale of IT-related production, or gains from specialization by IT

personnel; it may be facilitated by complementary investments that make changing firm boundaries

more attractive, and affected by transaction costs of using the market.4 And whether one thinks

of lower costs associated with outsourcing as a joint productivity increase for the upstream and

downstream firms, or a reduction in input costs generated by greater productivity upstream is

something that may depend on the context.5 In any event, finding that reorganizing IT-related

service production increases productivity is of great value in elucidating the full benefits of IT.

1Jorgenson, Ho and Stiroh (2007) provide an excellent recent history of the issue, discussing both how productivity

and productivity forecasts changed over the last fifteen years, and the empirical literature establishing the role of IT.
2See Brynolfsson and Hitt (2000) for a discussion. One can view such reorganization as associated with comple-

mentary investment that is often unobserved or mis-measured. See, e.g., Bresnahan, Brynjolfsson and Hitt (2002),

Brynjolfsson, Hitt and Yang (2002), Corrado et al. (2006) and Basu and Fernald (2006).
3Outsourcing may of course take advantage of lower labor costs; that is the motive for much “offshoring” of

services, and probably for some domestic outsourcing as well. Our focus is on benefits that would accrue even if

internal and external production employ identically-priced labor.
4For theories of outsourcing, see Grossman and Helpman (2002), Bartel, Lach and Sicherman (2005) and Fixler

and Siegel (1999).
5Siegel and Griliches (1992) view lower prices for purchased services as something that would spuriously generate

productivity gains in the downstream industry, if not properly measured. But moving production from inside the

firm to outside the firm can also be viewed as reflecting productivity gains associated with the change in vertical
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While there is substantial anecdotal evidence that such benefits exist, there is little hard empirical

evidence on the point–particularly as it applies to IT outsourcing.

To measure the productivity benefits of IT outsourcing, we use a panel of firm-level data from

the credit union industry, covering the period 1992-2005. We observe firm-level decisions not only

on IT outsourcing but also on IT computerization. Computerization is the adoption of computers,

among credit unions with in-house IT; it is akin to the IT capital deepening viewed as the traditional

source of IT’s productivity benefits. Among credit unions who use computers, there is switching

from in-house IT to outsourced IT; that transition is what allows us to identify the benefits of

reorganizing production, conditional on technology. Because we measure the productivity benefits

of IT outsourcing using within-firm IT system switching rather than variation in the cross-section,

we can control for much of the unobserved heterogeneity that can make inferring causal relationships

difficult. We also treat within-firm variation in IT system choices (in-house vs. outsourced) as

endogenous; a unique benefit of examining credit unions rather than other institutions such as

commercial banks is that for credit unions we have good instruments for IT system choices.

We find that outsourcing confers large productivity benefits, but that the magnitude of those

benefits varies substantially depending on the time period we examine. Early in the sample period

(1992-1997), outsourcing is not much more efficient than in-house IT that is computerized–though

among in-house IT systems, there is a large productivity benefit associated with computerization. In

the latter period (1998-2005), the relationship shifts: it is outsourcing rather than computerization

that confers the largest benefits. Credit unions who outsource have costs over 30% lower than they

would if they performed their IT in-house. Overall, the effect of outsourcing is equivalent to $6.5

billion in annual cost savings for the industry as a whole, relative to a counterfactual in which all

firms choose in-house (but computerized) IT in 2005. Assuming complete pass-through of these

lower costs to consumers, this results in savings of nearly $100 per credit union customer per year.

We find these effects only in our full specification that includes firm fixed effects and treats

within-firm variation in IT choices as endogenous. In the cross-section, by contrast, the correlation

between IT outsourcing and costs is positive and quite large. We also find that in the cross-section

firms who outsource are less productive on average. While it is possible that this finding reflects

measurement error in productivity, we also find that firms with lower measured productivity are

more likely to exit (conditional on size). We take this as evidence that high-productivity firms are

better able to produce IT in-house given available technology, and choose to do so given that using

the market also incurs costs.

structure itself.
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To our knowledge, ours is the first study to explicitly estimate the productivity benefits of IT

outsourcing; it has been a difficult question to pursue because the data used in standard productivity

analyses are far from ideal. A few studies have estimated the relationship between productivity

and outsourcing defined more broadly; Siegel and Griliches (1992) is an early study that correlates

industry-level productivity with purchased service inputs, which is a measure of outsourcing. Fixler

and Siegel (1999) also study the outsourcing/productivity relationship using data on purchased

service inputs. Both studies are circumspect in their conclusions given the roughness of their data

and the lack of useful instruments for outsourcing. In more recent work, Gorg and Hanley (2004)

correlate measures of profitability with the use of materials and service outsourcing; they find

that low-profitability firms are more likely to outsource. A wider literature focuses on explaining

outsourcing in the context of make-buy decisions (e.g., Abraham and Taylor 1996).

Our work also adds to the IT/productivity literature in banking and financial services. While

the notion that technological change has had profound effects on the industry is well-received, there

has been relatively little work directly linking IT (even its straightforward capital deepening sense)

to financial services productivity.6 This is of particular concern given that banking productivity

is notoriously difficult to measure.7 Studies of banking productivity often find results that seem

inconsistent with the presumed effects of technological change; for example, several studies have

found that bank productivity fell during the 1990s, when banks invested heavily in IT capital.8

In the broader literature linking IT to productivity, our work is most closely related to other

microeconomic studies linking firm-level IT to productivity; much of that work is summarized in

Brynolfsson and Hitt (2000). Much of that work focuses on IT capital deepening, rather than the

broader effects associated with IT. The notion that reorganization of production is an important

6Casolaro and Gobbi (2003) is one exception; they study the effects of IT capital deepening on productivity; their

work differs from ours in that they treat IT investment as exogenous and focus on cross-sectional variation rather

than within-firm changes in IT and productivity. While they have data on IT outsourcing, they do not focus on the

link between outsourcing and productivity.

There has been some other work using the same data we employ, but which does not focus on productivity.

Borzekowski (2004) estimates the relationship between IT outsourcing and adoption of transactional web sites.

Borzekowski and Cohen (2005) show that IT system choices are correlated geographically. Ono and Stango (2005)

examine the set of firm-level characteristics in the cross-section that are correlated with IT system choices. Ono and

Stango (2007) examine credit unions’ decisions to switch IT vendors.
7See Wang (2003a, 2003b, 2003c, 2003d), Wang, Basu and Fernald (2004), Fixler (2004) and Fixler, Reinsdorf

and Smith (2003) for recent methodological work on measuring productivity and output in financial services.
8See Berger (2003) for a review. Berger and Mester (2003) is an example of a study finding that cost productivity

declined during the 1990s. Other work shows increasing productivity in banking during the 1990s. See, e.g., Stiroh

(2002b).
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aspect of the IT revolution has been advanced by Brynolfsson and Hitt (2000) and others, but largely

in the context of the view that within-firm IT investment is accompanied by complementary within-

firm investments in organizational restructuring.9 To our knowledge, the productivity benefit of

vertically reorganizing IT-related production has not been studied.

A final point raised by our study is that it is unclear whether and how productivity benefits

from IT outsourcing would show up in standard productivity estimates.10 With ideal data, the

productivity benefits from IT outsourcing would be reflected as the birth of a new industry sector

(IT business services), and perhaps an increase in productivity for that sector; downstream financial

institutions would simply benefit from lower input costs.11 But absent data on the service providers

(and their prices and output), one might infer TFP growth at financial institutions, and be unable to

explain such growth.12 More troubling, those (truly IT-related) productivity gains from outsourcing

might in fact be negatively correlated with IT capital investment by financial institutions, because

outsourcing moves that investment outside the firm.13 Given the size of the overall effects that

we observe, clarifying these issues will be important moving forward. All of these problems are

compounded by the fact that IT outsourcing is particularly prevalent in services, where productivity

is difficult to measure.14

2 Credit Unions, IT and Outsourcing, 1992-2005

Credit unions are financial institutions similar to commercial banks, but smaller and more focused

on retail financial services. In most cases a credit union obtains a charter via an affiliation with

an entity such as a school or firm, and the employees of that entity are the primary “members” or

9See, for example, Brynolfsson, Hitt and Yang (2002) and Bresnahan, Brynjolfsson and Hitt (2002).
10For work examining the aggregate importance of IT, see among others Jorgenson (2001), Stiroh (2002b), Jorgen-

son, Ho and Stiroh (2004), Gordon (2000) and Oliner and Sichel (2000, 2002).
11The disaggregate estimates in Corrado et al. (2007) in fact show extremely large TFP growth in financial and

business services. Productivity measurement in the IT service sector might depend on how software investments are

treated; See Corrado et al. (2006) for a discussion.
12There is concern that omitted changes in import prices may have biased TFP estimates for U.S. manufacturing;

see Feenstra et al. (2005).
13For discussions of the link between IT use/investment and TFP growth, see Stiroh and Botsch (2006), Stiroh

(2006) and Stiroh (2002a). There is some evidence that IT investment increases TFP in IT-using industries, but with

a lag. See Basu et al. (2003) and Basu and Fernald (2007) for evidence.
14The early volume by Griliches (1992) describes these problems in detail. More recently, interest in service industry

productivity growth has risen. See Bosworth and Triplett (2003, 2007) for evidence on productivity growth in services.



6

customers of the credit union.15 At year-end 2005 roughly 8,800 credit unions operated nationwide,

employing roughly 250,000 people full-time, serving over 80 million customers, and holding nearly

$700 billion in assets.16 These numbers reflect both growth in customer base and consolidation

among firms over the last fifteen years. By all accounts, credit unions face intense competition

from their peers as well as commercial banks and other financial institutions.17

The data in our study come from the National Credit Union Administration (NCUA), which

requires all credit unions in the United States to submit quarterly reports covering virtually every

aspect of their operations. These “Call Reports” are publicly available from 1994-2006; we augment

them with data from 1992-1993 obtained under a Freedom of Information Act (FOIA) request to

NCUA. We begin the analysis in 1992 because that is the first year in which NCUA asked credit

unions to report information about their IT and outsourcing. While complete data are available

semi-annually, we use annual data from December of each year; doing so does not lose much

information relative to using the full semi-annual data set.

2.1 IT and Outsourcing of Data Processing

The business of providing retail financial services is data-intensive. For credit unions, the primary

data processing activity is recording clients’ transactions. Information about transactions may

enter the credit union via teller transactions, through the mail, on the phone or via the internet.

After it is recorded, information needs to be maintained securely, and periodically transmitted

back to the customer via monthly statements or at the customer’s request. Apart from these

straightforward activities, credit unions often analyze their data in order to inform decisions–such

as those involving prices or product mix. In recent years, “customer relationship management” has

also become quite popular in financial institutions, and the data-based analysis feeding into that

also falls in the general set of activities that credit unions refer to as “data processing,” and is what

we refer to as the “IT system.” In all of these activities speed and accuracy are paramount, making

15In some cases credit unions can also choose a regional pool from which their “potential members” are drawn,

allowing them to serve anyone in that region.
16For the purpose of comparison, there are roughly 9,000 commercial banks in the U.S., employing roughly 1.3

million people and holding roughly $10 trillion in assets.
17Credit unions are chartered as non-profit entities, but are in direct competition with for-profit commercial banks

and thrifts. See Emmons and Schmid (2000) for some evidence on the market-level links between the two types of

institution. We maintain the assumption throughout this study that credit unions do not have market power sufficient

to make concerns about markups empirically relevant.
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IT system performance a critical input for all financial institutions.18 Credit unions, along with

other financial institutions, moved very quickly to invest in IT; the financial services sector overall

is by some measures the most IT-intensive sector of the US economy.19

In our data, credit unions have four IT system choices. The simplest is a paper-based “Manual”

system, which does not rely on computers. The other three systems all employ computers, but vary

in the set of activities performed internally vs. externally. A credit union may perform all of its

functions (software development, hardware investment and ongoing IT) internally; this is referred to

in our data as a “CU-developed” (or in-house) system.20 There are two forms of outsourcing. The

first is what credit unions call a “Vendor-supplied in-house” (VIH) system. In a VIH arrangement

the credit union purchases a software program and installs it on its own computers; all data reside in-

house, and the credit union typically bears responsibility for maintaining the system and analyzing

any data in the system. A VIH system often requires internal employment of an IT staff, though the

software vendor may provide both up-front training and ongoing tech support, as well as help with

upgrades. The second type of outsourcing is more complete, and is called a “Vendor online” (VOL)

system. In a VOL system, both hardware and software used for data processing are located off-site

at the vendor’s service bureau. Credit unions connect to the system through a telecommunications

link connected to terminals in the credit union. These may be proprietary terminals supplied by

the vendor, or Windows-based PCs owned by the credit union. The vendor generally assumes

responsibility for the data.

The costs and benefits of these choices are oft-discussed in the credit union trade press, and

while modeling IT system choice is beyond the scope of this paper, the tenor of discussions in

the trade press fits what one would expect to see given theories of make/buy economics. An in-

house system allows customization, control and flexibility, but requires developing software as well

as hiring an IT staff and training employees. Going to the market for IT services exposes credit

unions to the risk of hold-up, but takes advantage of scale and the expertise provided by specialists.

Finding a good “match” with an IT vendor does seem important to credit unions, though by most

accounts the market for IT services is quite competitive.21 For the interested reader, we include at

the end of the paper a press release from a vendor describing an IT system switch and its benefits

18An entire web site (“Credit Union Tech-Talk”) is devoted to allowing credit unions to share information about

their data processing, about vendors, and other issues. The trade press devotes tremendous energy both to providing

IT-related information and to releasing studies about its costs and benefits. See, e.g., www.creditunions.com.
19See Berger (2003) for a broad discussion.
20It is likely that some software component of a CU-developed system is off the shelf; a credit union might use

existing database software such as Microsoft Access as a foundation for its processing, for example.
21For an analysis of vendor switching, see Ono and Stango (2007).
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(according to the vendor).

Table 1 tabulates our data. The first column shows the overall number of credit unions nation-

wide, which falls quite dramatically during the sample period from 12,040 to 8615.22 This reflects

a wave of exit (via consolidation) in the industry, and introduces two empirical concerns. One is

that exit is likely correlated with productivity, and should be accounted for in the empirical work.

Second, aggregate industry statistics are likely to reflect both within-firm changes over time and

changes in sample composition; that is also something we discuss later in the paper. All told,

the raw number of observations in the data is 147,032, including data for 13,573 different credit

unions.23

The next four columns show how IT system choices change between 1992 and 2005. For obvious

reasons, manual data processing disappears by the end of the sample; in 2005, only 155 credit

unions nationwide use a manual system. CU-developed systems are quite popular at the outset of

the sample period, but also essentially disappear by the end. VIH systems grow in popularity until

the late 1990s; while the total number of CUs using VIH systems then declines, their use as a share

remains roughly constant at around 70% until 2005. The share of CUs using VOL systems rises

over the sample period from under 20% to close to 30%. As illustrated in the last two columns,

credit unions’ IT systems have become both computerized and outsourced over time.

In the cross-section one can see a clear relationship between IT system choice and credit

union size. Figure 1 illustrates this by showing kernel densities of credit union size (measured

by ln[deposits]), for each IT system. It is not particularly surprising that manual systems are

chosen by the smallest credit unions, given their lack of scale and the labor intensity of manual

IT. What is less immediately intuitive is that among those choosing a computerized system, it is

the largest credit unions who outsource most completely by choosing VOL; a simple scale-based

explanation for outsourcing would predict the opposite. Table A1 in the appendix provides further

detail on this relationship. Despite the broad trends, there is substantial overlap; among mid-sized

credit unions both VIH and VOL systems are quite common, and even CU-developed systems retain

appeal through the middle years of the sample.

The final source of variation in the data, and the one that provides identification in the empirics,

is within-credit union IT system switching. Table 2 tabulates these switches, showing both the

number of switches across systems and the average size of switchers in each cell. We measure

22These figures exclude credit unions who choose “other” as their IT system. There are as many as 600 such credit

unions each year.
23There is essentially no entry during the sample period, although some credit unions “appear” in the data once

they switch from “other” IT to one of the four systems mentioned above.
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size using the natural logarithm of total deposits; any other standard measure of size (members,

accounts, assets) yields the same pattern. The table reveals a few interesting facts about switches.

First, it shows that while switching from in-house to outsourced IT systems is most common, some

firms do move the other way; in particular, there is a significant number of switches from VIH to

CU-developed, with most of these switches occurring early in the sample. We see no reason to

view this as anomalous or exclude these observations, and therefore retain them in the empirical

work below.24 A second fact is that among firms who outsource by moving from in-house to

outsourced IT, those who switch tend to be the largest; this is unsurprising given the pattern in

the cross-section.

In all, these statistics illustrate that in this market, as in so many others, computerization

and IT outsourcing have become pervasive. It is the latter trend that most interests us, but

the ability to distinguish computerized from manual IT systems is also empirically useful. In

particular, it allows us to compare the productivity benefits of computerization–the focus of most

IT-related productivity studies–to the benefits of outsourcing. With that in mind, we now turn to

a discussion of output measurement, and present some summary data on the relationships between

IT outsourcing and simple measures of productivity.

2.2 The Financial Service Output of Credit Unions

We follow the most recent banking literature in viewing credit unions as providing two primary types

of service output. The first are services to borrowers: screening and monitoring to resolve asym-

metric information about creditworthiness, loan payment processing and other ongoing services

associated with loans. The second are services to depositors: providing transaction and payment

services, as well as safekeeping and storage of funds. The conceptual underpinning for thinking

about bank output this way is clear enough, benefiting from a substantial body of methodological

research in recent years.25 The empirical problems faced by all empirical studies of banking pro-

ductivity are that (1) these services are often intangible, and (2) they are rarely priced explicitly.

24Excluding these switches does not change any of the empirical results discussed below.
25Early discussion of the issue includes Fixler and Zieschang (1992) and Berger and Humphrey (1992). Fixler

(2004) discusses how to measure conceptually the prices paid by consumers (implicitly and explicitly) for loan and

deposit services. Fixler, Reinsdorf and Smith (2003) describe both the conceptual framework and how BLS and BEA

measure bank output/productivity differently, and recent changes in the NIPAs. Moulton (2000) discusses details of

the change. Fixler and Zieschang (1999) is an early empirical example illustrating how to apply the new concepts.

Wang (2003a, 2003b, 2003c, 2003d) and Wang, Basu and Fernald (2004) provide an exhaustive treatment of the issue,

develop a new productivity measure and contrast it with that used by BLS.
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Deposit services, for example, are often priced via an implicit interest payment from funds held

in a checking account. Credit screening may be priced explicitly, but may also be priced into the

loan interest rate. This makes measuring output accurately extremely difficult. Most studies of

productivity to date use broad measures of deposits or loan balances to measure output; this may

account for the mixed evidence on whether banking productivity increased during the 1980s and

1990s.26

Fortunately, the NCUA data on financial service output are extremely detailed, allowing us to

construct a rich multi-dimensional measure of credit union service output. NCUA requires credit

unions to report details of fourteen financial service products (in addition to savings, which is

offered by every credit union). These include checking; money market deposit accounts (MMDAs),

certificates of deposit (CDs) and individual retirement accounts (IRAs); and on the loan side,

personal loans, credit cards, new car loans, used car loans, fixed rate mortgages, variable rate

mortgages, home equity lines of credit (HELOCs), and two types of business loans (agricultural

and non-agricultural). We also observe whether the credit union has a web site.27

For each product offering, we measure two things: whether the credit union offers the service at

all, and the number of customers using each service. Table 3 summarizes these data, by IT system

choice across all years. Credit unions with manual systems tend to offer only savings accounts

and simple loan products (car, personal and fixed rate mortgage). Among credit unions with

CU-developed systems, more sophisticated savings products such as CDs and MMDAs are more

prevalent. Credit unions who outsource by using VIH or VOL systems are even more likely to offer

these products, and other services such as HELOCs, IRAs, and web sites. The number of such

accounts is also substantially higher moving across the columns of the table, although it is does

not appear that customers of credit unions with outsourced IT systems are more intensive users

of financial service offerings.28 Of course, these differences do not show a causal link between IT

system choice and product offerings; credit union size and many other characteristics, observed and

unobserved, are correlated with both IT system choice and product offerings. We show these data

merely to illustrate the cross-sectional variety in services offered.

We provide further details on heterogeneity in the cross-section and over time in Figures 2 and

26See Berger and Mester (1997, 2003) for evidence and discussion.
27In 1998 NCUA began collecting detailed information about credit unions’ web sites and internet banking prod-

ucts. Borzekowski (2004) examines the relationship between internet banking and outsourcing and finds (somewhat

surprisingly) that IT outsourcing does not drive internet banking.
28While we do not show the figures, conditional on offering a particular product the percentages of customers using

that product is roughly equal for credit unions using different IT systems.
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3. Figure 2 shows histograms of the total number of financial service offerings, by IT system type.

The median number of financial services offered by CUs with a manual system is 3. The median is

4 for CU-Developed, 5 for VIH and 7 for VOL. Product offerings also become more prevalent over

time. Figure 3 shows the shares of credit unions offering each financial service product in the first

and last years of the sample: 1992 and 2005. Every product (with the exception of agricultural

loans) becomes more prevalent. Again, these do not say anything about causal relationships; but

at the least it suggests that controlling for product offerings is important empirically.29

The data in Table 2 form the basis for our measures of credit union output. We first construct

a set of dummy variables D (yijt > 0)
j
it for the set of financial services listed in Figure 2, indicating

whether the credit union offers the product. We also construct a vector of financial service product

quantities, where the quantity is the number of accounts for each product, yj . Finally, we measure

new originations of both real estate and non-real estate loans.

In the context of methodological work on financial service output, our measure has two useful

features. First, it captures the multi-dimensional nature of retail financial services.30 This is impor-

tant because having a wide range of services clearly makes a credit union attractive to customers;

a large portfolio of services allows “one-stop shopping.” It is also important because offering a wide

range of sophisticated financial services may require very different technology than offering a few

simple services, all else equal. Indeed, many IT vendors claim that their technology allows credit

unions to expand their financial service offerings in a cost-effective manner, either relative to doing

IT in-house or to using competitors’ systems.

A second feature of our output measure is that it measures service flows using the number of

accounts rather than dollar levels of account balances.31 This is advantageous because service flows

on deposit accounts and loans are often relatively independent of the dollar values associated with

those accounts. Wang (2003c), for example, states when discussing loans that “the real quantity of

bank value added should just be the number of loans certified, regardless of the loans’ face value.”32

29See Bernard, Redding and Schott (2006) for a discussion of how observing product mix is important in accurately

measuring productivity. Bresnahan, Brynjolfsson and Hitt (2002) also note that reorganization of production is often

accompanied by changes in product/service mix.
30The trade press views product-level measures of service flows as appropriate as well. Callahan and Associates

(www.callahan.com) measures credit union-level “member service usage” using the numbers of checking, auto loan

and credit card accounts per member, and also using total savings and loan accounts per member.
31The analogous “call reports” for commercial banks contain only the total dollar value of balances, and not the

number of accounts in each deposit/loan category. Thus, most banking productivity research uses dollar values of

balances rather than number of accounts.
32This is true only to a point, of course. We would argue that it is more true for credit unions than banks,
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A similar logic applies to deposit accounts. Such an account-based output measure is not as useful

for comparing bank service output in the cross-section because we do not observe per-account fees.

But as long as per-account service flows remain constant within a credit union, a 10% increase

in the number of loans or savings accounts held by credit union A will exactly represents a 10%

increase in its service flow; it is that source of variation that provides identification in the empirical

model. Because service flows for loans often have a significant fixed component when the account

is first set up, we also assume that loan service flows increase when new loan originations increase;

we measure new real estate loans originated and new non-real estate loans originated as separate

categories, giving us two additional output measures.

Because we use a multi-dimensional output measure, it is more natural to estimate a cost

function than a production function (or set of production functions). We now discuss measures of

credit union costs and present some summary data on the relationship between observed costs and

IT system choices.

2.3 Summary Data on IT Choices and Costs

The cost data collected by NCUA are quite good. Credit unions must report not only overall

operating costs, but costs by category of operations. The summary measure of costs that we use is

non-interest operating expenses.33 This is includes all of the variable costs of bank operations, as

well as the explicit and recurring component of fixed costs. Table 4 shows summary data for costs,

stratified by IT system, in 2006 dollars. The top row echoes the pattern in Figure 1: larger CUs,

and therefore those with the greatest level costs, are more likely to outsource. The next three rows

show cost shares for labor, office operations and professional/outside services. In-house IT expenses

are included in office operations expense, while outsourced (VIH/VOL) expenses count are included

in professional service expense.34 The pattern across IT systems is not surprising; credit unions

who outsource most completely have the highest share of professional service expense.35

because credit union customers are more homogeneous than retail bank customers; in particular, credit unions serve

no commercial clients apart from small business owners.
33For credit unions, this is closest to the cost measure advocated by Wang (2003a).
34Office operation expense includes expenditures for “expenses related to the operation of an office including

communications, stationery and supplies, liability insurance, furniture and equipment rental and/or maintenance and

depreciation, bank charges, in-house EDP cost, etc.” The latter is expenses associated with a CU-developed electronic

data processing (EDP) system. Professional/outside service expense includes “legal fees, audit fees, accounting

services, consulting fees, and outside EDP servicing.”
35In principle, it is possible to estimate the size of EDP costs in these variables by looking at how they change

within-firm when a credit union switches its IT system. Those estimates suggest that between one-third and one-half
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The next rows show three measures of costs per unit of output, where output is defined unidi-

mensionally for simplicity. The first row shows operating costs per dollar of deposits. This ratio is

roughly constant across IT system. The second and third cost measures yield less intuitive patterns.

When costs are measured relative to either members (customers) or accounts, they are highest for

credit unions who outsource and lowest for those with manual IT systems.36 This seems contradic-

tory: why, given the revealed preference for outsourcing by nearly every credit union in the sample,

would outsourcing be more expensive? A natural explanation, of course, is that these measures

of output omit information. One possibility is that service flows per member or per account are

greater for larger credit unions and/or those who outsource.37 Another is reverse causality: high-

cost credit unions may be more likely to outsource. These summary data are unable to distinguish

among the possible explanations, but we return to this issue later in the paper.

The second pane of the table shows our measures of input costs, which are controls in the cost

functions we estimate below. These input costs are derived from our wage data, data on the number

of full-time equivalent (FTE) employees at each credit union, and the other itemized components

of operating costs: travel/conference expense, office occupancy expense, loan losses, loan servicing

costs and insurance.38 The data on wages and FTEs allows us to calculate the average wage. We

also measure insurance costs per member, loan servicing costs per loan, office occupancy expenses

per member and loan losses per loan.

Again, there are substantial differences in these costs across credit unions with different IT

systems. One thing that seems to be clear is that users of manual IT systems are fundamentally

different from other credit unions. For example, the median wage at manual-IT credit unions is

$8062, less than one quarter the median wage of $38,839 at credit unions using VOL IT systems.

This may reflect true wage differences, or measurement error. Among those with computerized

systems, the pattern is again that credit unions who outsource–and are the largest, by and large–

have the highest input costs by these measures. This pattern holds for wages, loan servicing

expenses, office occupancy expenses, and loan loss expenses. The one exception is insurance, which

seems to be cheaper for larger credit unions.

of these costs are associated with the type of IT system. We do not place much weight on these figures, however,

clouded as they are by selection and measurement issues.
36The accounts measure is calculated at the credit union level by adding the number of accounts in each financial

service category from Figure 2.
37The difference between the first cost measure and the latter two is driven mechanically, of course, by the fact

that deposit balances per account are higher for credit unions with outsourced IT.
38NCUA requires credit unions to report both full-time and part-time employees. We assume that one part-time

employee equals 0.65 full-time employees and calculate full-time equivalent (FTE) employees for each credit union.
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We do not place too much emphasis on understanding the sources of these cross-sectional

differences, because our empirical model identifies the effects of outsourcing on productivity via

within-firm variation. But this does illustrate that cross-sectional comparisons may embed too

much unobserved heterogeneity to be useful. And, the cross-sectional patterns seem inconsistent

with simple intuitions about the productivity benefits of outsourcing.

3 Empirical Specification

3.1 Cost Functions

¿From a methodological standpoint the object of interest is the causal link between IT/outsourcing

and productivity, where a credit union that outsources experiences those productivity benefits in

the form of lower costs relative to those it would incur if it chose to perform its IT-related production

internally. One can also think of the productivity benefits as those associated with reorganization

from internal to external production of the intermediate good of data processing. We model the

natural log of costs as:

lnCit = f (y1, ..., yM , w1, ..., wN) + ωIT + ωit + εit

where f (·) is a function of outputs (ym) and input costs (wn) and has some known functional form,

ωIT is the productivity effect of the credit union’s IT system, ωit is a firm-specific productivity

shifter and εit is either measurement error or shocks to productivity that are unknown to the firm

at the time of input and output decisions.

The unit of observation is the credit union/year: due to missing values for some observations,

the number of usable observations is roughly 137,000-139,000 depending on the specification.39

The dependent variable is the log of operating expenses, as summarized in Table 4. The output

measures include a set of dummies for each of theM product offerings, as in the first pane of Table

3, and the log number of accounts for each of the M products, as summarized in the second pane

of Table 3.40 The output vector also includes the quantities of new real estate and non-real estate

loan originations. The other right-hand side variables include the N input costs described in Table

4.

39Most of these missing observations are driven by non-reporting of an input cost such as wages.
40In order to enable the log transformation we replace zero values in accounts with one. This is less of a functional

form concern given our inclusion of extensive margin dummies.
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In the vector of IT system indicator variables ωIT , manual IT is the omitted category, so

the productivity effect of computerization is measured via the coefficient on CU-developed IT.

The benefits of outsourcing are measured via dummy variables for each of the two outsourced

systems (VOL or VIH); the difference between the outsourcing coefficient and the CU-developed

coefficient measures the productivity benefit of IT outsourcing. One limitation of this specification

is that it abstracts from dynamic issues, including either the increasing benefits of organizational

change over time (found to be important in Brynolfsson and Hitt [2003]), or transition/adjustment

costs associated with implementing IT (discussed in Basu, Fernald, Oulton and Srinivasan [2003]).

Our approach measures an average effect; if IT switching has greater effects over time, or imposes

adjustment costs it is likely that our approach will understate the true ex post productivity benefits

of outsourcing.

While our specification imposes the restriction that outsourcing has only a level effect on costs,

we have also experimented with specifications that allow outsourcing to have more flexible effects

via interactions with other independent variables. While there is some evidence that outsourcing

has these more complex effects, the difficulty with this approach is that it increases the number

of endogenous RHS variables, making treating IT system choice as endogenous computationally

difficult. It also makes interpreting the results difficult, given that the output offering/quantity

variables may themselves be endogenous. We prefer using the level shifters because it is more likely

to cleanly identify the mean effect, and gives the IT system variables a simpler interpretation.

We show results below for a translog cost function; we have also estimated Cobb-Douglas

models and discuss those results below. In addition to the IT system variables, our full translog

model includes the vector of product offering dummies D (yijt > 0)
j
it, the vector of product offering

quantities ln yijt, input costs lnwikt and a full set of interactions:

lnCit = α0 +
MX
j=1

αj ln yijt +
NX
j=1

βi lnwijt +

1

2

MX
j=1

MX
k=1

αjk ln yijt ln yikt +
1

2

NX
j=1

NX
k=1

βjk lnwijt lnwikt

+
1

2

MX
j=1

NX
k=1

αjk ln yijt lnwikt +
1

2

MX
j=1

NX
k=1

αjk ln yijt lnwikt

+
MX
j=1

ρjD (yijt > 0) + ωIT + ωi + ωt + εit

where M equals 16 and N is five. There are 13 year effects and roughly 13,000 fixed firm effects.
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The model is therefore quite heavily parameterized.

3.2 Econometric Issues

The presence of ωit in the model can generate two biases: simultaneity bias and selection bias.
41

In our case, it is possible that both outsourcing and output could be correlated with firm-specific

productivity shocks, leading to simultaneity bias on those coefficients. It is also possible that firm-

specific productivity shocks are correlated with firm survival, leading to selection bias. We now

discuss our approach to these issues.

3.2.1 Simultaneity Bias

We address simultaneity in two ways. First, we include fixed-firm and time effects, modeling ωit

as ωi + ωt. This accounts for unobserved firm-level productivity differences that are constant over

time and industry-specific productivity changes across time. Second, we instrument for a credit

union’s IT system choice.42

IT System Instruments: Because we include fixed year and credit union effects, the coeffi-

cients on the independent variables, including the IT system categories, are identified by within-

credit union variation over time. The goal of our instruments is finding a set of plausibly exogenous,

time-varying variables that might affect IT system choice but are unaffected by idiosyncratic pro-

ductivity shocks. Fortunately our data provide a number of such instruments for outsourcing

choices. The first set of instruments is derived from information about credit unions’ institutional

affiliation. Nearly all credit unions are chartered to serve individuals affiliated with an institution

such as a school, firm or governmental entity. NCUA requires credit unions to report both the type

of institution (using some 50 categories) and also asks the credit union to report its number of “po-

tential members” based on its affiliation. The set of potential members is generally the size of the

organization with which the credit union is affiliated, and the number of potential members varies

over time within credit union, as the size of the affiliated organization changes. Changes in this

variable could certainly induce credit unions to switch IT system; the most common reason cited

41See Griliches and Mairesse (1995) for an excellent exposition of the difficulties in identifying production and cost

frontiers.
42The Olley and Pakes (1995) approach is not appropriate in our setting. Olley and Pakes exploit monotonicity

between one of the firm’s decisions, such as investment, and ωit. Monotonicity allows Olley and Pakes to invert the

relationship and model the unobserved portion of productivity as a non-parametric function of investment. Such a

monotonic relationship is unlikely to exist in our setting.
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in the trade press for switches is credit union growth, which would be affected in part by growth

in the number of potential members. However, the number of potential members should itself be

exogenous to credit-union-specific productivity shocks. A second set of instruments is based on the

“field of membership” of the credit union. This is a categorical variable taking on distinct values

based on the institutional affiliation mentioned above. Because field of membership is generally

time-invariant, we interact field of membership with time dummies. Our final set of instruments

is geographical. Because credit unions operate in local markets we use the share of other credit

unions choosing each IT system in the credit union’s home state as instruments. These vary across

credit unions and over time; other work has shown that IT choices are geographically correlated.43

Overall, the instruments do well in explaining within-firm variation in IT system choices. To gauge

the strength of the instruments, we estimate separate fixed-effect linear probability models for CU-

Developed, VIH and VOL, with the instruments and the second stage regressors as independent

variables. In each case the F-statistic on the instruments is above 35.44

Output Instruments: Endogeneity of the output variables is also a potential concern since

productivity may affect the decision to offer products, and may also affect output quantities. In our

primary specifications we do not correct for the simultaneity of product offerings and quantities;

we have too few instruments for this to be viable, given the number of interactions in the model.

But we discuss some simpler Cobb-Douglas results below in which we do instrument for product

offerings. In those models, we use the credit union’s potential members, field of membership

interacted with time dummies and the share of other credit unions in each state offering a given

product as instruments.

3.2.2 Selection Bias

Olley and Pakes (1996) account for exit by explicitly modeling the exit rule as a threshold decision

rule; firms exit if their productivity draw falls below a threshold that is a function of current

capacity. We use a variant of their strategy by assuming that there exists an exit threshold that

is a flexible function of the difference between a credit union’s potential membership size and its

current number of members. Similar to Olley and Pakes (1996), we estimate both probit and linear

exit probability models and include a fourth-order polynomial of the fitted values of these models

in specifications.45

43See Borzekowski and Cohen (2005).
44The test, follows Staiger and Stock (1997).
45The fit of the models is no better with higher order terms. The correlation between the fitted probit probability

and exit is 0.15, between the fitted linear probability and exit is 0.16, and between the two fitted probabilities is 0.92.
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4 Results

Table 5 presents the results of the translog cost function estimates. We suppress the coefficients

on most of the (roughly 240) right-hand side variables, as they are not of primary interest and

are difficult to interpret given the number of interactions in the model. The table reports the

coefficients on the IT system variables and year effects. The omitted category is a manual system

in the first year. The fit of the models is quite high; even the simple OLS model has an r-squared

of 0.98.

The first column reports OLS coefficients without any correction for selection on exit, while

the second column reports OLS coefficients for the model that includes the selection correction.

Both models show a pattern that echoes that in the summary data from Table 4: computerized

and outsourced IT systems are associated with higher costs. The estimated effects are large; VOL

systems are associated with costs roughly 16% higher than manual systems, and roughly 6% higher

than CU-developed systems. The next column includes fixed firm effects, which dramatically

reduces the coefficients. This suggests that the positive relationship between outsourcing and costs

is being driven by the cross-section.

The last three columns show instrumental variable specifications that treat outsourcing as en-

dogenous. The first column includes all years in the sample period and includes fixed effects for

each year. The results suggest substantial benefits from computerization, but little difference be-

tween in-house and outsourced IT systems. The coefficient on the CU-developed indicator suggests

that switching from manual to an in-house computerized systems reduces costs by roughly 29%.

The coefficients on the VIH and VOL categories are nearly identical (32% and 30%), and not sta-

tistically different from that on the CU-developed system.46 The year dummies show a general

pattern of increasing costs (falling productivity) over time, though the coefficients are relatively

small compared to those on the IT system variables.

The next two columns split the sample into two periods: 1992-1997 and 1998-2005.47 In the

early period, the results are quite similar to those in the specification that pools both periods. In

the later period, the coefficients suggest that it is outsourcing rather than computerization that

46While identification of these coefficients comes from credit unions who switch their IT system, the model imposes

a coefficient restriction: that the coefficients on the other RHS variables are identical for credit unions who switch IT

and those that do not. In order to relax this restriction, we have also estimated the model using only observations

for credit unions who switch IT. The coefficients on the outsourcing variables are even larger–in the latter period,

roughly 50% lower than the coefficient on CU-developed.
47We have also estimated the split sample using other cutoff years; the split we show here seems to capture the

break in the data most effectively.
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confers productivity benefits. There is no statistically significant cost difference between manual

and CU-developed systems. But relative to either in-house system, either outsourced system is over

30% cheaper.48 While these results may seem large, they are consistent with the simple fact that

both computerization and outsourcing have become the norm for 98% of all credit unions.

The results are also quite robust. Using a Cobb-Douglas cost function the estimated outsourcing

effects are even larger, and there is a similar pattern across the two time periods. We have also

estimated the model using dollar-based measures of output, with similar results. Aggregating our

quantity variables into simply “total loans” and “total deposits” yields slightly smaller coefficients

(but still above 20% on the outsourcing variables). We have also estimated the model dropping all

of the input costs except wages, and their interactions. Doing so leaves the full 1992-2005 results

largely unchanged, but raises the estimated effects in the 1998-2005 subsample to 40% for VIH and

44% for VOL.

Given the size differences across the IT choices, we also estimate two models using information

on the propensity score. We estimate a probit model aggregating the two outsourced IT systems

into a single “treatment” and condition on all of the translog right hand side variables; the fitted

probability defines the propensity score. We estimate one model where we condition on the propen-

sity score and a second set of models that restricts our sample to only those observations where

the probability of outsourcing is greater than 0.75, 0.85 and 0.9. In each model, we define two

treatment groups as VIH and VOL and combine the Manual and CU-Developed credit unions as

the control groups and focus on the later period. We continue to instrument for the two outsourcing

variables to account for selection on unobservables. We find similar patterns to the models shown

in Table 5. These result suggest that our baseline results are not driven by selection on observables.

Finally, given that endogeneity of outputs is a concern, we have estimated a Cobb-Douglas cost

function in which we instrument for all of the product dummies and quantities (we have too few

instruments to IV for outputs in the translog cost function). The results of these specification show

little difference in the outsourcing coefficients.

In all, the results suggest two things. One is that relative to manual data processing, both

computerization and outsourcing offer substantial advantages. The other is that the relative benefits

of the two have changed over time. Outsourcing now carries clear advantages relative to in-house

computerized IT, but that is a relatively recent development that occurs long after outsourcing

became the predominant IT system choice for credit unions.

48These results may help to reconcile our results with those in Borzekowski (2004). Borzekowski finds that out-

sourcing does not appear to be correlated with adoption of web/internet technology; but he groups CU-developed

and VIH systems together and labels them “in-house.”
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4.1 Firm-Level Productivity and Outsourcing

In addition to estimating the productivity benefits of IT outsourcing, the model also yields firm-level

productivity estimates via the fixed effects in the translog cost model. These are informative for a

number of reasons. First, they allow us to correlate firm-level productivity with IT system choice in

the cross-section, asking how “outsourcing-independent” productivity is correlated with IT system

switching. We can also examine how the industry distribution of productivity changes over time;

this is of particular interest given that the composition of the sample changes so dramatically.

Table 6 provides some initial evidence on productivity and IT choices in the cross-section, for

the early years of our sample (during which there is still substantial cross-sectional variation in

IT system choice). The table shows coefficients from a set of year-by-year regressions for 1992-

1997 with firm-level fixed effects (ω̂i) as the dependent variable, and size and IT system choice as

regressors. Positive values for the dependent variables reflect higher costs or lower productivity.

Because there is no within-firm variation in (ω̂i), the year-by-year differences reflect the influences

of changes in sample composition (exit) and changes in the value of RHS variables within firms.

The fit of these models is quite good; the size and outsourcing variables explain roughly 80% of

variation in firm-level productivity.

The coefficients suggest that large credit unions and those who outsource have lower produc-

tivity. In every year, credit unions with computerized IT have productivity 40-50% lower (costs

40-50% higher) than those who are not computerized. Within those with computerized IT systems,

there is a tendency by the end of the sample for the most complete form of outsourcing (VOL) to

be correlated with lower productivity than is CU-developed IT; the difference is roughly 10% and

statistically significant.

While this relationship seems surprising, it may simply reflect a greater tendency to perform

IT-related activities in-house by more productive firms (given the likely transition costs). This is

in fact consistent with other research on productivity and outsourcing/vertical integration.49 It is

also possible that these coefficients mis-measure true productivity; one might imagine, for example,

that high costs indicate unobservably high service levels or quality. To address that concern, Figure

4 shows kernel densities of productivity that capture two effects: exit over time, and outsourcing.

Again, higher values reflect higher costs or lower productivity. We show these densities by size

quartile of firm, to condition somewhat on the size-productivity relationship. Within each figure

we show three productivity distributions. The first is the distribution of firm fixed effects in 1992.

49See Syverson (2004) for evidence on this point. Gorg and Hanley (2004) find this result as well, and note that other

work has found that greater use of purchased inputs (i.e. outsourcing) is often associated with lower productivity.
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The second is the distribution of firm effects in 2005. Because the firm effects do not change

over time, the differences in the two densities reflect the effects of exit within each size quartile.

For every quartile except the smallest, there is a clear leftward shift. By this measure, the least

productive (highest-cost) firms exit the sample; this is inconsistent with an interpretation that

our measure of productivity measures omitted quality (in which case the relationship between

measured productivity and exit would be positive). This is corroborated by regressions of exit

(a dummy variable equal to one if the credit union exits in that year) on size (log members, log

members squared), estimated firm-level productivity and year effects. The coefficient associated

with ω̂i suggests that a one-standard deviation increase in ω̂i is correlated with a 57% increase in

the probability of exit.

The third distribution shows the overall effect of exit and outsourcing (OS), by adding each firm’s

IT system coefficient to its costs; for the vast majority of firms in 2005, these are the VIH/VOL

coefficients. Clearly, these serve to shift the cost distribution to the left; the difference in each size

quartile between the 1992 and 2005 “with OS effects” distributions therefore shows how industry

productivity has been affected by exit and outsourcing. The dominant influence is by far that of

outsourcing, but both have together worked to increase overall productivity. And taken in concert

with the evidence on productivity and outsourcing in the cross-section, it seems most likely that

the results in the cross-section reflect a relationship between productivity and reliance on internal

production.

Finally, it is worth placing our results on overall productivity in context of other work on banking

productivity. The year effects in our cost functions grow more positive over time, suggesting falling

productivity absent changes in IT systems. But the size of the year effects is only one-third the

size of the outsourcing dummies; our results suggest a general increase in industry productivity,

largely due to outsourcing and also due to exit of less productive firms.

4.2 Other Evidence: Products and Prices

We have also conducted two complementary analyses to broaden the picture of how IT affects

what firms do and how they do it. One piece of this analysis is estimating whether outsourcing is

correlated with changes in product mix. We run a series of models in which a measure of product

offerings is the dependent variable, and the RHS variables include size, IT system, fixed firm and

year effects; the IT system choice is treated as endogenous using the instruments we use in the

translog cost models above. The results of these models are mixed. When the dependent variable

is the sum total of the number of financial service products offered by the firm, we estimate that
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outsourcing is correlated with offering more products (roughly 0.5 on the mean of 5 overall). How-

ever, when we conduct a product-by-product analysis (with the dependent variable being a dummy

indicating that the firm offers that product), we do not find any significant effect of outsourcing.

It is possible that there is not enough variation within-firm in offerings of individual products to

identify an effect, so we interpret this overall as just weak evidence of a product/outsourcing effect.

Second, we have estimated a series of models with product prices as dependent variables.50 We

have prices (interest rates) for checking accounts, savings accounts, CDs, MMDAs, and each loan

product: mortgages, personal loans, new car, used car and credit card. Specifications for these

models include the level of the interest rate as the dependent variable, with either input costs

or the full set of translog cost variables as the RHS variables; we also treat IT system choice as

endogenous. Again, the results are fairly mixed. There seem to be differences between manual IT

and the other types in terms of prices, but these are difficult to interpret given how few manual-IT

credit unions offer these products. And among the other three IT systems, there are essentially no

statistically significant differences in product prices.

5 Discussion and Conclusion

Our main empirical finding is that IT outsourcing has significant productivity benefits–benefits

that change in character over the sample period. At the outset, outsourcing is not much more

productive than CU-developed computerized IT. But by the end of the sample, outsourcing either

via a VOL or VIH system is much more productive than CU-developed IT.

Once again, the productivity differences across these two systems reflect the gains associated

with reorganizing production, conditional on available technology. We can not identify precisely

why these gains exist–whether they reflect scale, specialization, or possibly something related to

transaction costs. Nor can we say whether the changes in the relative attractiveness of outsourcing

reflect lags in attaining efficiency by IT vendors, or changes in maximal efficiency by those vendors.

But in either event, it is clear both that reorganizing production in this way has value, and that

its value is itself changing over time.

It is also important to note that we only estimate large benefits associated with outsourcing

when we treat it as endogenous, and examine within-firm switching. In the cross-section the

relationship is reversed, which our firm-level results suggest is due to the fact that low-productivity

firms are more likely to outsource. This suggests that in other industries, and particularly in the

50For other work showing that failing to consider prices may cloud productivity estimates, see Foster et al. (2004).
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aggregate it may be extremely difficult to identify the productivity benefits of IT outsourcing; other

firm-level data sets may not have panel data or useful instruments for outsourcing, and aggregate

data almost certainly lack those things. This implies that results from these other settings should

be interpreted cautiously.

We see the results as suggesting numerous avenues for future work. Exploring the role of

outsourcing in firm survival is a natural extension of this work; we have preliminary findings

suggesting that IT outsourcing reduces exit rates, conditional on other observables. Given that

so many firms view IT outsourcing as a “business necessity,” this is perhaps not surprising, but

documenting its empirical importance should prove useful. It is likely to be particularly important

in our setting, given that nearly one-third of firms exit during the sample period.

We also plan to further explore the implications of IT outsourcing for more aggregate produc-

tivity measurement. Its benefits may be measured, particularly if IT vendors are examined; for

them, we would expect to see massive productivity increases over the sample period. Whether these

would look like IT capital deepening or TFP increases is an open question–certainly, because we

see relative productivity shifts across in-house and outsourced IT, we would expect to see TFP

growth to some extent. But having a better view of whether and how the productivity benefits of

IT outsourcing manifest in aggregate productivity seems to be a useful endeavor.



24

References

[1] Abraham, Katherine G. and Susan K. Taylor (1996), “Firms’ Use of Outside Contractors:

Theory and Evidence”, Journal of Labor Economics, 14 (3), pp 394 — 424.

[2] Bartel, Ann, Saul Lach and Nachum Sicherman (2005), “Outsourcing and Technological

Change,” NBER working paper.

[3] Basu, Susanto and John Fernald (2006), “Information and Communications Technology as

a General-Purpose Technology: Evidence from U.S Industry Data,” forthcoming in German

Economic Review.

[4] Basu, Susanto, John Fernald, Nicholas Oulton and Sylaja Srinivasan (2003), “The Case of the

Missing Productivity Growth: Does Information Technology Explain Why Productivity Ac-

celerated in the Unites States but not the United Kingdom,” NBER Macroeconomics Annual.

[5] Berger, Allen N. (2003), “The Economic Effects of Technological Progress,” Journal of Money,

Credit and Banking 35(2): 141-176.

[6] Berger, Allan and Loretta Mester (2003), “Explaining the Dramatic Changes in Perfor-

mance of U.S. Banks: Technological Change, Deregulation, and Dynamic Changes in Com-

petition,”Journal of Financial Intermediation.12(1): 57-95.

[7] Berger, Allan and David Humphrey (1992), “Measurement and Efficiency Issues in Commercial

Banking,” in Output Measurement in the Service Sectors (Z. Griliches, ed.). NBER, Chicago.

[8] Berger, Allan and Loretta Mester (1997), “Inside the Black Box: What Explains Differences

in the Efficiencies of Financial Institutions,” Journal of Banking and Finance 21:895-947.

[9] Bernard, Andrew, Stephen J. Redding and Peter K. Schott (2006), “Products and Productiv-

ity,” mimeo.

[10] Borzekowski, Ron (2004), “In through the Out Door: the Role of Outsourcing in the Adoption

of Internet Technologies by Credit Unions,” Board of Governor of the Federal Reserve System,

Washington, DC, mimeo.

[11] Borzekowski, Ron and Andrew Cohen (2005), “Estimating Strategic Complementarities in

Credit Unions’ Outsourcing Decisions,” mimeo, Federal Reserve Board.

[12] Bosworth, Barry and Jack Triplett (2007), “The Early 21st Century U.S. Productivity Expan-

sion is Still in Services,” Brookings Institution.



25

[13] Bresnahan, Timothy, Erik Brynjolfsson and Lorin Hitt (2002), “Information Technology, Work-

place Organization and the Demand for Skilled Labor: Firm-level Evidence,” Quarterly Journal

of Economics 117(1): 339-376.

[14] Brynjolfsson, Erik and Lorin Hitt (1995), “Information Technology as a Factor of Production:

The Role of Differences Among Firms,” Economics of Innovation and New Technology 3(3):

183-99.

[15] Brynjolfsson, Erik and Lorin M. Hitt (2000) “Beyond Computation: Information Technology,

Organizational Transformation and Business Performance.” Journal of Economic Perspectives,

14(4): 23-48.

[16] Brynjolfsson, Erik and Lorin M. Hitt (2003) “Computing Productivity: Firm-level Evidence.”

Review of Economics and Statistics 85(4): 793-808.

[17] Brynjolfsson, Erik, Lorin M. Hitt and Shinkyu Yang (2002), “Intangible Assets: Computers

and Organizational Capital,” Brookings Papers on Economic Activity.

[18] Casolaro, Luca and Gobbi, Giorgio (2003), “Information Technology and Productivity Changes

in the Banking Industry,” SSRN Working Paper.

[19] Corrado, Carol, Charles R. Hulten and Daniel E. Sichel (2006), “Intangible Capital and Eco-

nomic Growth,” NBER Working Paper 11948.

[20] Corrado, Carol, Paul Lengermann, Eric J. Bartelsman and J. Joseph Beaulieu (2007), “Sectoral

Productivity in the United States: Recent Developlments and the Role of IT,” Finance and

Economics Discussion Series, Federal Reserve Board.

[21] Emmons, William and Frank A. Schmid (2000), “Bank Competition and Concentration: Do

Credit Unions Matter?,” Federal Reserve Bank of St. Louis Economic Review 82(3): 29-42.

[22] Feenstra, Robert C., Marshall B. Reinsdorf, Matthew J. Slaughter and Michael Harper (2005),

“Terms of Trade Gains and U.S. Productivity Growth,” mimeo.

[23] Fixler, Dennis (2004) “Incorporating Financial Services in a Consumer Price Index,” mimeo,

Bureau of Economic Analysis.

[24] Fixler, Dennis J. and Donald Siegel (1999) “Outsourcing and productivity growth in services,”

Structural Change and Economic Dynamics 10(2):177-194.



26

[25] Fixler, Dennis J. and Kimberley D. Zieschang (1992), “User Costs, Shadow Prices and the

Real Output of Banks,” in Output Measurement in the Service Sectors (Z. Griliches, ed.).

NBER, Chicago.

[26] Fixler, Dennis, Marshall Reinsdorf and George Smith (2003), “Measuring the Services of Com-

mercial Banks in the NIPAs,” Survey of Current Business, September: 33-44.

[27] Fixler, Dennis and Kimberley Zieschang (1999), “The Productivity of the Banking Sector:

Integrating Financial and Production Approaches to Measuring Financial Service Output,”

Canadian Journal of Economics 32(2): 547-564.

[28] Foster, Lucia, John Haltiwanger and Chad Syverson (2005), “Reallocation, Firm Turnover,

and Efficiency: Selection on Productivity or Profitability?” NBER Working Paper 11555.

[29] Gordon, Robert J. (2000), “Does the ‘New Economy’ Measure Up to the Great Inventions of

the Past?,” Journal of Economic Perspectives 14(4): 49-74.

[30] Gorg, Holger and Aoife Hanley (2004), “Does Outsourcing Increase Profitability?” IZA Work-

ing Paper 1372.

[31] Griliches, Zvi ed. (1992), Output Measurement in the Service Sectors, NBER Studies in Income

and Wealth; Cambridge, MA.

[32] Griliches, Zvi and Jacques Mairesse (1995), “Production Functions: The Search for Identifica-

tion,” NBER Working Paper 5067.

[33] Grossman, Gene and Elhanan Helpman (2002), “Outsourcing in a Global Economy,” NBER

Working Paper 8728.

[34] Jorgenson, Dale W. (2001), “Information Technology and the U.S. Economy,” American Eco-

nomic Review 91(1): 1-32.

[35] Jorgenson, Dale, Mun Ho and Kevin Stiroh (2007), “A Retrospective Look at the U.S. Pro-

ductivity Growth Resurgence,” Federal Reserve Bank of New York Staff Report.

[36] Jorgenson, Dale, Mun Ho and Kevin Stiroh (2004), “Will the U.S. Productivity Resurgence

Continue?,” Federal Reserve Bank of New York Current Issues in Economics and Finance

10(13), December 2004.

[37] Levinsohn, James and Amil Petrin (2006), “Measuring Aggregate Productivity Growth Using

Plant-Level Data,” working paper.



27

[38] Moulton, Brent (2000), “Measurement of Banking Services in the U.S. National Income and

Product Accounts,” mimeo.

[39] Nordhaus, William D. 2001. “Productivity Growth and the New Economy.” Brookings Papers

on Economic Activity, 2001:2, pp. 211-265.

[40] Oliner, Stephen G. and Daniel E. Sichel, (2000) “The Resurgence of Growth in the Late 1990s:

Is Information Technology the Story?” Journal of Economic Perspectives, 2000, vol. 14, issue

4, pages 3-22.

[41] Oliner, Stephen G. and Daniel E. Sichel, (2002) “Information Technology and Productivity:

Where Are We Now and Where Are We Going?” Federal Reserve Bank of Atlanta Economic

Review: 15-44.

[42] Olley, Steven and Ariel Pakes (1996), “The Dynamics of Productivity in the Telecommunica-

tions Equipment Industry, Econometrica 64(4):1263-97.

[43] Ono, Yukako and Victor Stango (2005) “Outsourcing, Firm Size, and Product Complexity:

Evidence from Credit Unions,” Economic Perspectives, Vol. 29, No. 1, Federal Reserve Bank

of Chicago.

[44] Ono, Yukako and Victor Stango (2007), “Supplier Switching and Outsourcing,” mimeo.

[45] Siegel, Donald and Zvi Griliches (1992), “Purchased Services, Outsourcing, Computers, and

Productivity in Manufacturing,” in Output Measurement in the Service Sectors (Z. Griliches,

ed.). NBER, Chicago.

[46] Staiger, Douglas and James Stock (1997), “Instrumental Variables Regression with Weak In-

struments,” Econometrica 65(3): 557-586.

[47] Stiroh Kevin (2002a), “Are ICT Spillovers Driving the New Economy?” Review of Income and

Wealth 48(1): 33-57.

[48] Stiroh, Kevin J. (2002b), “Information Technology and the U.S. Productivity Revival: What

Do the Industry Data Say?,” American Economic Review 92(5): 1559-1576.

[49] Stiroh, Kevin (2006), “The Industry Origins of the Second Surge of U.S. Productivity Growth,”

working paper.

[50] Stiroh, Kevin (2006) and Matthew Botsch (2006), “Information Technology and Productivity

Growth in the 1990s,” German Economic Review 8 (2): 255—280.



28

[51] Stiroh, Kevin (2007), “Reassessing the Role of IT in the Production Function: A Meta-

Analysis,” Annales d’Economie et de Statistique, forthcoming.

[52] Syverson, Chad (2004), “Market Structure and Productivity: A Concrete Example,” Journal

of Political Economy 112(6): 1181-1222.

[53] Triplett, Jack E. and Barry P Bosworth (2003), “Productivity Measurement Issues in Services

Industries: ‘Baumol’s Disease’ Has Been Cured,” Federal Reserve Economic Policy Review,

September 2003.

[54] Wang, Christina, (2003a), “Productivity and Economies of Scale in the Production of Bank

Service Value Added,” FRB of Boston Working Paper No. 03-7.

[55] Wang, Christina, (2003b), “Merger-related Cost Savings in the Production of Bank Services,”

FRB of Boston Working Paper 03-08.

[56] Wang, Christina, (2003c), “Loanable Funds, Risk, and Bank Service Output,” FRB of Boston

Working Paper 03-04.

[57] Wang, Christina, (2003d), “Service Output of Bank Holding Companies in the 1990s and the

Role of Risk,” FRB of Boston Working Paper No. 03-06.

[58] Wang, Christina, Susanto Basu and John Fernald (2004), “A General-equilibrium Asset-pricing

Approach to the Measurement of Nominal and Real Bank Output,” FRB of Boston Working

Paper No. 04-07.


