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Abstract

We gather detailed data on organizational pracfices 253 firms to examine the hypothesis that
external focus — the ability of a firm to detectdatmerefore respond to changes in its external
operating environment — increases returns to indtion technology, especially when combined
with decentralized decision-making. First, usingvey-based measures, we find that external
focus is highly correlated with organizational detcalization and IT investment. Second, we find
that a cluster of practices including external fcdecentralization and IT is associated with
improved product innovation capabilities. Third, develop and test a 3-way complementarities
model that indicates that the combination of exakfacus, decentralization and IT is associated
with significantly higher productivity. In our saote, firms that have only one or two of these
organizational practices in place, instead oftakké¢, are not more productive than firms with none
of them. We also introduce a new set of instrumlevdriables representing barriers to IT-related
organizational change and use these measuresuotBhbour results are robust when we account
for the potential endogeneity of organizationaleistiments. Our results may help explain why
firms that operate in more information rich envinments such as high-technology clusters or areas
with high worker mobility have experienced espdgihlgh returns to IT investment and suggest a
set of practices that some managers may be ables¢oto increase their returns from IT
investments.
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The Extroverted Firm

1. Introduction

Falling internal communication costs and new indéimnformation practices enable information-
age firms to quickly respond to changes in consiypnefierences, competition, and technology. However
improvements to a firm’s decision-making structinerease performance only if firms receive accurate
and timely information about the operating enviremin(Mendelson and Pillai, 1999). This suggest that
the adoption of practices used to detect changg®external operating environment and inform
decision-making should become increasingly commaternet companies are an extreme example:
firms like Amazon and Google record every custorriagstrokes and analyze the data to continuously
optimize their products, processes and marketBig. off-line companies are also using customer data
extensively. For example, Harrah's invested heanwilyecording data on consumer gaming patterns,
which they used to design compelling packagesttacithigh-value customers and outperform
competitors (Loveman, 2003). Similarly, firms liésco, Capital One, UPS, and Wal-Mart have been
described as gaining competitive advantage by atpph aggressive approach to learning about their
customers and competitors (Davenport and Harrig7 20

A growing research literature on the behavior oflern organizations has looked at some of
these changes in the competitive environment (Sameh996; Dyer and Singh, 1998; Dyer and
Nobeoka, 2000; Powell, Koput, and Smith-Doerr, 18@dley and Nolan, 1998; Von Hippel, 1998).
Researchers have also emphasized the role oftfieidevelopment of information gathering and
processing capabilities that facilitate extern&mation (Mendelson and Pillai, 1999; Malhotralet
2005; Pavlou and El Sawy, 2006; Rai et al., 2006 rBdwaj et al., 2007). However, the growing
emphasis on external orientation has not beenrited) into the IT productivity literature, whichsha
primarily emphasized the importance of adoptingaaizgational changes like decentralization in
conjunction with IT investments (Bresnahan, Bryfgsbn, and Hitt, 2002; Brynjolfsson, Hitt, and Yang
2002).

In this study, we argue that information technodsgare most productive in decentralized

organizations when they allow firms to quickly resd to external information. The central argumédnt o
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this paper is that the combinationesternal focus, decentralization andIT investments forms a 3-way
system of complements resulting in higher proditgtievels (Figure 1). For example, Harrah’s, in
addition to adopting new information technologiesrtonitor consumer gaming patterns, simultaneously
made extensive changes to internal practices, asiginplementing the appropriate incentives for
customer service personnel to keep high-value mest® happy. These changes were required to
successfully handle the massive amounts of custotedligence being generated.

The implication is that organizations that do natdthe appropriate receptors in place through
which to sense environmental change will not exgrexe the same returns to IT investments, evemyf th
have decentralized. In keeping with earlier redeéiendelson and Pillai, 1999), we define “extérna
focus” to be a set of practices firms use to dethanges in their external operating environment.
Mendelson and Pillai argue that in information-reatvironments, firms should engage in practices tha
make up-to-date, accurate information availabldecision-makers. The literature has emphasized
several mechanisms through which firms can caprernal information, such as customer interaction,
benchmarking, and using inter-organizational prdjeams. We argue that returns to IT and
decentralization are higher in firms that have aeldphese practices.

Conceptually, complementarities between exterrfatination awareness and internal
information practices are grounded in the literatom information processing organizations (Radner,
1992; Cyert and March, 1973). Because ‘boundedigmal’ organizations are limited in the amount of
information they can effectively process, improesns in internal information processing capab#itie
such as those offered by information technologresease the firm’s capacity to process informaftam
decision-making and to therefore respond to exténf@mation. Thus, the largest productivity betsef
from improving a firm’s internal information-procgsg infrastructure should be observed in dynamic
environments where firms continuously capture aspond to external signals. Beyond broad
performance benefits, this literature places speamphasis on product development as an important
mechanism through which IT-led improvements iniinfation processing lead to higher productivity

(Mendelson, 2000; Pavlou and El Sawy, 2006; Baitbhiowski, and Shaw, 2007). Firms that
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effectively sense and process external informatlmuld have market-based advantages when
introducing new products (Kohli and Jaworski, 198@ndelson and Pillai, 1999).

Our study is based on a 2001 survey of organizatioractices in 253 moderate and large sized
firms, matched to data on IT investment and firmfgrenance from private and public sources. In
addition to including measures of internal orgati@raused in prior work, we included constructs to
capture external focus and product innovation, vatéid specifically by the work done by Mendelson
and Pillai (1999) on external practices in the cotapmanufacturing industry, but adapted to a more
heterogeneous set of firms, and broadened to iadtlter sources of external information such as tac
knowledge obtained from the strategic recruitmémew employees. We first find that external facus
decentralized organization and IT investment arestated. Second, we find that these practiced tiea
higher product innovation rates. Finally, we estiena three-way complementarities model (IT, extern
focus, decentralization) and demonstrate that fihas combine all three practices derive substiytia
greater benefits from their IT investments. Owrennetric identification strategy includes the
assumption that organizational practices are dueei-in the short run. However, we also introdace
innovative set of instrumental variables that ceggunhibitors of organizational change to dematstr
that our results are not sensitive to this assumptin our preferred specifications, the outpasgtity of
IT investment is at least 8 percentage points mighérms that are one standard deviation aboee th
mean on both our external focus and organizatideeéntralization measures compared to other fims i
our sample.

These findings indicate that firms can more suda#igdeverage IT investments if they
effectively capture external information throughwnerks of customers, suppliers, partners, and new
employees. Mounting a more effective responsetereal information requires firms to have the
mechanisms in place through which to absorb thi@imation, as well as the mechanisms to allow
effective local information processing. Therefargernal workplace organization, external inforroati
practices, and information technologies appeaetpdrt of a mutually reinforcing cluster associatetth

faster product cycles and higher productivity.
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Our paper contributes to a literature on IT vakigporting the argument that organizational
complements lead to higher IT returns (Brynjolfsaod Hitt, 1995; Brynjolfsson and Hitt, 2000;
Dedrick, Kraemer, and Gurbaxani, 2003; Melvillea&mer and Gurbaxani, 2004). We build upon prior
work that addresses complementarities betweendTirdarnal practices such as decentralized decision
making (Bresnahan, Brynjolfsson, and Hitt, 2002rdlaand Van Reenen, 2002) but add the external
orientation dimension which has been shown to oitant in technology-intensive firms (Mendelson
and Pillai, 1999; Pavlou and El Sawy, 2006). Idgimg organizational complements is useful for
managers who are restructuring their organizatioiake advantage of improvements in computing. In
addition, our results improve our understanding/by firms in information-rich environments such as
Silicon Valley (Saxenian, 1996) receive greaterdbésfrom technology investments and why IT return
may be influenced by geographic position (Dewankarsemer, 2000; Bloom, Sadun, and Van Reenen,

2008).

2. Data and Measures

Our organizational practice measures are genefiaada survey that was administered to 253 senior
human resource managers in 2001. The survey wakictad by telephone on a sample of 1,309 large
and upper middle-market firhthat appear in a database of IT spending compifddarte Hanks (see
further detail below) and also have the requisitarfcial data in Compustat. The survey yielded a
response rate of 19.3% which was typical for lacge corporate surveys at the time. The saniple o
responding firms has a slightly higher proportiémanufacturing firms relative to the sample pofiala
(62% vs. 54%) and the firms tend to be slightly kenavhen measured in sales, assets, employees and
market value. However, after conditioning on indyshe size differences between responding amd no
responding firms are not statistically significafurthermore, there is no significant differenetween

responding and non-responding firms in return @e®@sor sales per employee.

® The sample contains 806 Fortune 1000 firms as ageBb03 firms that are present in Compustat bufootune
1000 that are routinely sampled by Harte-Hanks oweitime period.
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The questions for this survey were drawn from aipres wave of surveys on IT usage and
workplace organization administered in 1995-199@! lay incorporating additional questions on externa
and internal information practices motivated byesrsh on IT and organizational design (Mendelsah an
Pillai, 1998). Our survey also includes questiadated to firms’ human capital mix, including
occupational and educational distributions (sedélalfor a summary of variables and their desargoti

statistics).

2.1 External Focus

Our measure of external focus is based on an indspecific “external information” construct
utilized by Mendelson and Pillai (1999) (designaasdVIP hereafter) which is in turn closely relaied
the customer-specific concept of “market orientdtidefined by Narver and Slater (1990) and Jaworski
and Kohli (1993) and operationalized by Kohli, Jaskband Kumar (1993) (designated as KJK
hereafter), but we broaden our measure to be apdideyond customer-information (like MP) and to
multiple industries. In Table 2, we present theaponents of our external focus measure along bele t
components used in related work. Both KJK and Mifuide constructs for direct customer interaction
(see Table 2, KJK scale items 1-3, MP scale iter®y Wvhich we capture in a question related to
customer participation on project teams, but we sdslude partners and suppliers (variable
PROJTEAM). Our second question focuses on the use of citmpdenchmarkingBNCHMRK) which
relates to a firm’'s awareness of the industry aioa@der business environment in KJK (scale iten@ 5,
and the industry-specific measure of order througllpenchmarking used in MP (scale item 3).

To these measures, we add additional constructadorporating new technology (scale item 3,
variableNEWTECH) as well as measures that examine how the firnintaigpture external information
through employee mobility — the involvement of extaees in recruiting (EXECRCT) and the use of
higher pay as an inducement to attract new emptofldEWEMP). The inclusion of employee mobility
was motivated by work in strategic managementéhgihasizes this particular pathway as a means of

gathering tacit knowledge related to the competiov technological environment (Argote and Ingram,
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2000; Song, Almeida, and Wu, 2003). Executive imement in recruiting and pay for performance were
identified as key components of digital strategg icase study of Cisco Systems (Woerner, 200ly. Pa
for performance has also been central to numerthes studies, including recent work by Aral,
Brynjolfsson and Wu (2009). In summary, we cavany of the same constructs as prior work, but
adapt them to apply to a broader set of industhias the industry-specific measures in MP, and laeep
greater emphasis on non-customer information (imrast to KJK) to reflect an operations rather than
marketing focus that may better fit a heterogeneooss-section of firms.

Correlations between the individual constructssti@avn in Table 3. The measures are positively
correlated, but not very highly correlated, andrixaxch’s alpha for a five item scale constructedhftbe
individual variables is 0.521. The relatively lavedpha value is because these external measwres ar
multi-dimensional in the sense that just becausesfido one of these activities, they do not necidgsa
also have do the others. This implies that firmdifferent industries may access environmental
information in many ways, all of which may have gimeconomic impact. Indeed, in our main analysis
we could not reject the hypothesis that the stahzedl values of the five components of externalifoc
have the same coefficients when entered into tipession individually. Consequently, we combined
these measures in a similar manner to our workpleganization variables, where each factor is first
standardized (STD) by removing the mean and theleddy its standard deviation, yielding an externa
focus measure with a mean of zero and a standardtid® of one. The full form of our aggregate
external focus variable is shown below.

EXT = STD(STD(BNCHMRK ) + STD(NEWTECH ) + STD(PROJTEAM ) + STD(EXECRCRT ) + STD(NEWEMP))

While higher values on this scale represent moamichls of external information acquisition,
firms that use none of these practices can stiéhtternally focused (Type | error), although itikely
that firms that have implemented unmeasured extarfuamation practices will also rate high on our
external focus scale. It is somewhat less likkét & firm that rates high on our external focusdeswill
know little about the external environment (Typetitor). Regardless, to the extent that our canstr

mis-measures the true underlying external focusoofe firms, measurement error is likely to bias
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downwards the estimates on our external focus variablesulResom productivity regressions using a
variety of alternative external focus measure goesibns, including one that omits the two variable
associated with the employee mobility (thus areentmmparable to MP and KJK) show similar results
(available from authors on request).

2.2 Workplace Organization

To capture internal organizational processes tteat@mplementary to external focus, we rely onadesc
focused decentralized and team-oriented work megtised in prior work (Bresnahan, Brynjolfssom an
Hitt, 2003; Brynjolfsson, Hitt and Yang, 2002), whiwas originally motivated by the extensive litara
on “high performance work systems” (Ichniowski, Kaa, Levine, Olson, and Strauss, 1996). The
measure contains four constructs of group-baseentietized decision making [the use of self-managed
teams in productiorSMTEAM), the use of team-building activitieBEAMBLD), the use of teamwork as
a promotion criterionRROMTEAM), the use of quality circles or employee involveimngroups
(QUALCIR)] and two measures capturing individual decisights [the extent to which individual
workers decide the pace of wolRACE) and the extent to which individual workers deanlethods of
work (METHOD)]. The Cronbach’s alpha for the four team-basedsures is .732, and the alpha for alll
six measures is .671. Similar to external focuscanstruct a scale (WO) from these measures tising
standardized sum of the standardized values of @@oponent. We utilized this scale because wvsho
significant variation across firms, it has beervjmesly shown to be a useful summary metric IT-teda
work practices (Brynjolfsson and Hitt, 1997), ahtas a clear economic interpretation as decerdai
team-based decision making which is relatively marand specific, making our model and econometrics
more precise and interpretable.

2.3 Organizational Inhibitors

Some of our analyses are based on the assumptibththorganizational measures described above are
quasi-fixed over short time periods, which is thedizally justified by a large literature on orgaatipnal
adjustment costs (Applegate, Cash, and Mills, 12&&well and Rule, 1984; David, 1990; Milgrom and

Roberts, 1990; Murnane, Levy, and Autor, 1999; Z{jb988; Bresnahan and Greenstein, 1996).
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However, in addition to organizational practice ighles, our survey data includes questions on
individual inhibitors of organizational change,caing us to create direct measures of organizationa
adjustment costs, which we can use as instrumematdbles for our organizational asset measures.
These survey questions ask respondents to deshdloegree to which the following factors faciktatr
inhibit the ability to make organizational chang&sancial Resources, Skill Mix of Existing Staff,
Employment Contracts, Work Rules, Organizationalti@e, Customer Relationships, Technological
Infrastructure, and Senior Management Support. s&hesponses are used as instruments in both our
product development and productivity regressiosswall as to create an aggregate adjustment cost
measure which was computed as the standardizedo$uime standardized values of the individual
inhibitors. Cronbach’s Alpha for the eight indivalunhibitors is 0.745.

These organizational inhibitors are suitable agrimental variables because they reflect the
costs faced by firms in adopting new organizatigoralctices. Firms that face constraints in terfns o
culture, work rules, or staff mix may find it modéficult or costly to reengineer existing practcer to
adopt practices complementary to new IT investmeftserefore, these organizational inhibitors are a
source of exogenous variation in the degree to lwhie are likely to observe the adoption of
organizational practices when firms adopt IT. Thigggbitors, however, are less likely to be correta

with firm performance.

2.4 Product Cycles, Innovation, and Technological Change

Three of the variables from our survey data refiefitm’s product development capabilities withpest
to its competitors. Our goal in choosing thesesuess is not to fully characterize a firm’s product
development processes — the literature on prodaalidpment is very large and includes a variety of
perspectives on effective product development ¢blend Krishnan, 2001). Instead, our product
development variables were chosen to reflect diffeaspects of the product development process in
which access to information might prove beneficlle measure 1) whether a firm is normally thet firs

to introduce a new product in its industBIRRST), 2) the speed of internal product developmentanc
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new product has been approv&®EED) and 3) whether a firm regularly weeds out marigmaducts
(PLMGMT), and is a measure of the effectiveness of a $ippnbduct line management. Access to
different product development variables is use@dduse introduction of new products is related to
innovation and the firm’s ability to collect andopess external information, but product development
speed should be more closely associated with tiieydab process information within the organizatio
Our product development measures are standardizeal/e a zero mean and standard deviation of one.
2.5 Information Technology

Our survey data includes two types of measuresmfpaterization, one from our survey and one
constructed from a separate data set on IT employméanagers responding to our survey were asked
both the percentage of workers in the organizahahused personal computé¥sPC), as well as the
percentage of workers in the organization that esedil(Y%EMAIL). However, these internal measures
are only available in the survey base year. Tetraot our data set for the longitudinal producgivi
analysis, we use panel IT measures based on amaxtiata set describing firm-level IT employment
from 1987 to 2006, which we use as a proxy for diraggregate IT expenditures.

IT employment in this data set is estimated udmegemployment history data from a very large
sample of US-based information technology workdrable 4 shows the occupational composition of
these IT workers. These data include fewer prograra and higher numbers of support personnel. For
our purposes, this employment-based data set cesfarorably to alternative archival data setshas
the Harte-Hanks CITDB capital stock data, in seveegys. Although recent research on IT produgtivit
has relied on the Computer Intelligence TechnobBgiabase (CITDB), complete panel data is generally
only available for Fortune 1000 firms, the definits of variables changed significantly after 198d a
most importantly, the CITDB no longer includes dirmmeasures of IT capital stock. Consequentlyneve
using methods to infer capital stock from availaddéa only yield self-consistent capital stock nueas

through about 2000.0ur employment-based data, by contrast, areahlaibn a consistent basis through

* Chwelos, Ramirez, Kraemer and Melville (2007) pdeva method for extending CITDB 1994 valuationadat
through 1998 by imputing the values of equipmerthimearlier part of the dataset and adjustingfmregate price

10
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2006 and include matches for nearly all the firnessurveyed. We have benchmarked these data against
a number of other sources of IT data from Computattly Computer Intelligence, and InformationWeek
and generally find high correlations between ttdierent sources in both cross-section and timiese
Descriptive statistics and correlations for theeffiployment measures and the survey-based IT
measures are shown in Table 5. The mean usagsloPIs and email for firms in our sample is about
60%. By comparison, similar measures from a sucasducted in 1995 indicated that in the average
firm, about 50% of workers used computers, and ablyut 30% of workers used email, implying
significant growth in IT intensity in the six-yegaterim period. The average firm in our sample had
about 470 IT workers in 2001, comprising about 2%otal employment, compared to 2.2% of total
employment accounted for by workers in “Computet Btathematical Occupations” in the Bureau of
Labor Statistics 2001 Occupational Employment Sufva@he large standard deviation for our measures
of the fraction of IT workers, email use, and comapwse suggests that some firms, such as thd$e in
producing industries, have much greater IT usage tithers. Therefore, we log transform our IT
measures to facilitate direct comparisons witharganizational factor data. Where we require

normalized measures for size, we compute IT woréera proportion of total workers.

2.6 Value Added and Non-I T Production I nputs

We obtained longitudinal data on capital, labosggech & development expense, and value-addetdor t
firms in our sample by using the Compustat datab&seused standard methods from the micro-
productivity literature to create our variablesrgérest from the underlying data. Price deflafors

inputs and outputs are taken from the Bureau obL&batistics (BLS) and Bureau of Economic Analysis
(BEA) web sites. Eight industry dummies were aedaising 1-digit NAICS headers. Table 6 shows
statistics for the 2001 cross section of the Corigtusriables included in our analysis. In 200%, th

average firm in our sample had about $3.8 billiosales and 15,200 employees.

changes. However, this differs from the method leygdl by Computer Intelligence,which determinedipment
market values by looking at actual prices in th&,mental and resale computer markets.

5 Available at http://www.bls.gov/oes/
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3. Methods

Providing direct evidence of complementaritieshalenging due to the endogeneity of
organizational practices in observational data €xthnd Stern, 1998; Brynjolfsson and Milgrom, 2009;
Cassiman and Veugelers, 2006). Moreover, lackfofination about the costs and value of specific
organizational practices limits the ability to ilapient structural models of organizational investmen
The existing empirical literature on organizatioocainplements has therefore focused instead on
providing evidence of the economioplications of complementarities between organizational pcasti
(Arora and Gambardella, 1990; Bresnahan, Brynjotisand Hitt, 2002). The empirical strategy
followed in these studies is to marshal a numbadifedérent types of evidence consistent with the
complementarities hypothesis, which when considere¢hole, strongly suggest complementarities
between organizational practices.

In particular, complementarities imply that we sldonbserve 1) the clustering of practices across
firms and 2) that the simultaneous presence otthemplements impacts performance more than the
sum of the individual effects. We measure clustgds correlation, and performance by regression
models with interactions as well as newer testp@sed by Brynjolfsson and Milgrom (2009) that
contrast performance for different combinations@hplementary practices. We also include two usefu
measurement innovations. First, unobserved hurapiiat among firms is likely to be a significant
omitted variable in prior work on organizationahgtices. Using our workforce data we are able to
include human capital controls at the firm levBecond, we are able to consider the potential
endogeneity of work practices by instrumenting éhegasures with our data on inhibitors to
organizational innovation which indirectly captaine cost variation of organizational investmentoss
firms. Thus, we are able to substantially increasenumber of factors that we are able to directly
measure over prior work, reducing the role thathseoved heterogeneity and endogeneity can pldyein t

analysis relative to many earlier studies on orztional complementarities.

3.1 Correlation Tests

12
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The first test we conduct is based on correlatameng these organizational practices. Using cagser
sectional data, we examine how the use of IT ardptbposed complementary practices co-vary in the
survey base year. |If these practices are complsmprice declines in IT should be accompanied by

greater use of both complementary organizatioredtres.

3.2 Product Development Regressions
We can also use our data to develop some insighhaw these inputs affect the productivity of firms.
We test how our organizational and IT variablesaamsociated with various stages of the product
development process.

PROD, = B, EXT. + 8,0 WO, + B;IT .+ B, RD, + controls
PROD represents one of our possible three product dpredat outcomes~{RST, SPEED, and
PLMGMT), EXT is our external focus variable (EXWO measures workplace decentralizatidnis a
measure of IT usage within the firRD measures R&D intensity computed as the R&D exppnse
employee, andindexes firms. For oUiT usage variable, we use the percentage of workieosuse
email. As control variables, we include dummy vilés for industry and the percentage of a firm’s
workers that are college educated.

One concern with these regression estimates isthiairganizational practice variables and
product development measures may be simultanedastymined. Therefore, we use instrumental
variables to conduct regressions in which the aegdional measureMO andEXT) are treated as
endogenous. As instruments, we use our indivithimbitors of organizational transformation, which
reflect the ease or difficulty through which firman develop these organizational assets, as well as
dummy variables that indicate the location of enf& corporate headquarters, which may affect a'sirm
cost for external information gathering.

3.3 Productivity Tests
We test complementarities in production by embegidur measures within a production

function. The productivity framework has been vydesed in IT productivity research (Stiroh, 2004

13
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reviews much of this literature). IT productividgholars embed measures of information technology,
along with levels of other production inputs, iato econometric model of how firms convert theseiisap
to outputs. Economic theory places some conssraimtthe functional form used to relate these mpmut

outputs, but a number of different functional forame widely used depending on the firm’'s economic

circumstances.

We use the Cobb-Douglas specification, which aiiml® being among the simplest functional
forms, has the advantage that it has been thecoosnonly used model in research relating inputs suc
as information technology to output growth (e.gyrBolfsson and Hitt, 1993, 1995, 1996; Dewan and
Min, 1997), and has been used extensively in rebdasting for complementarities between IT and
organization (Bresnahan, Brynjolfsson, and HitQ2®rynjolfsson, Hitt, and Yang, 2002). Our prima
regression model can be written
va= K+ fnit+ Bt + BoWO+ o EXT + B (WO™ EXT) + By (WO* 1) + o  EXT* 1) + By o (WO EXF 1t +U
whereva is the log of value addeH s the log of capitalt is the log of IT employeesijte is the log of
non-IT employees, and/O andEXT are our organizational variables. In this motted, organizational
variables are entered in levels as well as in autéwns with each other and with the technologyaides.
Dummy variables are included for industry and ydarsome specifications, we also control for the
firm’s human capital to rule out some alternatixplanations for our principal results.

Although our data on IT and other production inpares longitudinal, our organizational factors
data are based on a single survey conducted in 20@lconstruct a seven-year panel (1999-2006) by
making the assumption that organizational factoesgaasi-fixed in the short run. Our survey was
administered in 2001, towards the middle of ourgbasimilar assumptions regarding the quasi-fixed
nature of organizational assets have been usetbinrpsearch on organizational factors (Bresnahan,
Brynjolfsson, and Hitt, 2002), and the assumptlaat brganizational factors are associated with
substantial adjustment costs and take considetiaigeto change is supported by substantial case and
econometric evidence cited earlier. Furthermar@ur analysis, we use adjustment cost data as
instrumental variables to directly test this asstiomp

14
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An additional potentially important source of endogity is our IT measures. Unobserved
productivity shocks will tend to exert an upward$on the IT estimates as firms adjust IT to
accommaodate higher production levels. Howeveretidngeneity of IT investment may not exert too
large an influence on our key estimates for tweoea. First, in other work we show that using GMM-
based estimators that account for the endogenkliyiavestment (such as the Levinsohn-Petrin
estimator) lowers our IT estimates by no more tha¥h when using these data (citation obscured).
Second, our key estimates, based on the 3-way eonepitarity between IT, external focus, and
decentralization are less subject to bias relatvaur main effects IT estimate because any bitdsets
affect the complementarity term must be present anthe confluence of all three of these facfors.

Thus, although we cannot eliminate these biases,affects on our key estimates may be limited.

4. Results
4.1 Correlation Tests

Table 7 shows partial correlations between our Easures and our organizational practice
variables. All correlations control for firm si2é/e also control for 1-digit NAICS industry, as Wwas
the percent of skilled blue-collar workers and pleecent of professional workers to control for tiag¢ure
of the firm’s production process. Although theserelations by themselves are neither necessary nor
sufficient evidence of complementarities (Athey &tdrn, 1998; Brynjolfsson and Milgrom, 2009), they
provide preliminary evidence as to whether managerseive these practices as mutually beneficial.

Our external focus measure is correlated with dunéasure, and is highly correlated with the
decentralization measure. Workplace organizati@isis positively associated with our IT measurBise
correlation between workplace organization andrezidocus is 0.45 (p<.01), indicating that extérna
information practices are significantly more liketybe found in firms with decentralized decision
architectures. These correlations between extéonat, workplace organization, and IT support the

argument that external focus, workplace organimatmd information technology usage are complements

" We thank an anonymous editor for making this olestéon.
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in the production process. Furthermore, our aggeshadjustment cost variable, which we use as an
instrument in both our product development and pecadity regressions, is negatively and signifidant
associated with both organizational measures, atidig that firms that have higher adjustment casts

less likely to have implemented either of thesaesys of work practices, as theory would predict.

4.2 Product Cycle Regressions

Table 8 shows associations between product developmeasures and our technology and
organizational variables. In Columns (1)-(3),neport OLS regressions of how our different
organizational practice and IT measures are retatpdoduct development. In (1), the dependentdei
is how likely a firm is to be the first in its ingiry to introduce a new product. The point estarat
external focus is positive and significant (t=3,48t)ggesting that less insular firms also tendktobket
product leadership. The dependent variable ims(Blated to internal product development speduhv
captures how quickly a firm can introduce a newdpiat or serviceafter it has been approved. Thus, this
measure captures speed of execution, rather thamationper se. The estimates in (2) indicate that in
addition to R&D intensity, technology usage, ratthem organizational variables, is more closely
associated with faster internal product developn(tei212). The dependent variable in (3) is dffec
management of the product line, and the coefficstitates indicate that external focus (t=3.1@)tan
a lesser degree, decentralization (t=1.69), asetlaelated to how well a firm manages its prodinet

In Columns (4)-(6), we report estimates from 2Se§ressions where our organizational
measures are treated as endogenous, and indiunthilzitors of organizational transformation and
location variables are used as instruments. AsIirOLS regressions, the estimates from this set of
regressions indicates that external focus is pesjtiand significantly associated with new product
introduction (t=3.26), and that IT investment isshdosely associated with product developmentadpee
(t=2.19). However, in our IV estimates, decentation rather than external focus appears to bé mos
closely associated with effective management optoeuct line (t=2.18). Furthermore, Hausman test

statistics from all three IV regressions, displagethe bottom of Table 8, indicate that we camajgict
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the null hypothesis that decentralization and eekfocus are exogenous to our regression models,
consistent with our assumption that organizatidaetiors are difficult to change in the short-run.

In aggregate, these results indicate that thetybiliexercise product leadership is more closely
connected to a firm’s ability to capture informatifpom its environment, but its ability to interhal
process and manage products in a timely mannavisrged by its internal information processing
capacity. Competing in quickly-changing productiemments, therefore, requires external receptors i

addition to decentralization and technology.

4.3 Full-Sample Regression-Based Productivity Tests

The central hypothesis of this paper is that eddiotus is an important organizational asset
affecting the returns to IT investment, especialhen combined with decentralization. Table 9 shows
the results from our regressions directly testhmg hypothesis in a complementarities framework. Al
estimates are from pooled OLS regressions, andseare clustered by firm to provide consistent
estimates of the standard errors under repeateplisgnof the same firms over time. First, we eb&iba
baseline estimate of the contribution of IT to pratilvity during our panel, which extends from 1969
2006. The coefficient estimate on our IT employmariable is about .076 (t=2.0), consistent with
many pooled OLS regressions of this type that appetae literature using other sources of datélon
expenditures (e.g., Brynjolfsson and Hitt, 1996).

In Column (2), we include only decentralization sww&s, for comparison with earlier studies.
Both the coefficient estimate on decentralizatind the interaction term are insignificant, perhaps
because decentralized work practices have morallyrddfused to all firms that can benefit from the
leading to minimal marginal effects on productiviyrecent dat. The coefficient estimate on IT is
slightly smaller but is close to the estimate withany organizational factors explicitly modeledl. |

Column (3), we include only our external focus meagplus an interaction term with information

8Estimates from supplementary regressions (not showdicate that this complementarity reappears when
restricting our estimates to earlier time periods.
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technology. Both the external focus measure aadhtieraction term are insignificant. In our main
results, reported in Column (4), we include thé det of organizational factors and interactiomigr In
our complete specification, the coefficient estiesabn the three-way interaction term, as well agwlo-
way interaction term between external focus aneuliealization, are positive and significant.
Furthermore, after including the organizationatdas and interaction terms, the IT main effect
coefficient estimate is not significantly differendbm zero. Although our benchmark estimates in
Column (1) indicate an output elasticity of 0.00t68, our Column (4) estimates suggest that these
benefits are only captured by firms that are alzoxarage with respect to both decentralization and
external focus.

To gauge the robustness of these results, wedisstimate our model (Column 5) including a
control for workforce composition (percentage dflell workers and professionals out of total
employment) to account for the fact that humantehfs closely related to organizational innovaterd
technology adoption (Bartel and Lichtenberg, 1983ur coefficient estimates do not change
substantively after including these human capi@hsures. Second, we conduct instrumental variables
regressions using our organizational inhibitors sne@s as instruments for external focus,
decentralization and the interaction terms. Thesestimates (Column 6) are similar to those ifiea
regressions and indicate that our results are eiglio be driven by endogeneity of organizational
investments. At the bottom of Column (6), we répatues of the Hansen J-statistic, which tests the
instrument exclusion restriction, and the Ander€amonical Correlation, which tests for weak
instruments. The reported values indicate thatungent validity is not likely to be a problem inrdV
regression model. Furthermore, the value of theskhan statistic suggests that we cannot rejectuthe
hypothesis that our organizational measures argesaus, and that our OLS regressions in Columns (1)

(5) produce consistent estimates.

° We also estimated similar regressions where ehttredndividual external focus variables are tdstaividually,
and where the external focus variable is constdufitem different combinations of the individual extal focus
constructs. The results from these regressionesdtalthat our external focus measure is not ov&rhsitive to any
of the individual underlying constructs. Theseultssare available on request.
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4.4 Sample Difference Tests

We can use a number of contrasts among subsanfples data to further investigate potential
endogeneity or other specification problems. Retance, we construct a measure of adjustment lopsts
creating a composite scale (comparable to EXT a@j ¥'r our organizational inhibitor variables, whic
allows us to segment the sample into firms thaeh@gh and low organizational adjustment costsngir
facing higher adjustment costs are likely to hawerbendowed with their organizational complemeats s
our quasi-fixed assumption is most likely to badjalvhile firms with lower adjustment costs are mor
likely undergoing change to more modern work pcadti If unusually high performing firms are also
likely to be investing in decentralized work praes, we would expect the endogeneity problem to be
concentrated in the low adjustment cost firms.Catumns (1) and (2) of Table 10, we report regogss
estimates for the subsamples of firms that havetdian average and higher than average adjustment
costs, respectively, and find results that suggestnalyses are not biased upwards by endogeriEiy.
coefficient estimate on the 3-way interaction téomfirms with lower organizational adjustment ot
.085 (t=2.30), very similar to our baseline esteaind we cannot reject the hypothesis that the
coefficient on the 3-way interaction term is thensaacross the two regressions. The comparable
coefficient estimate for firms with high adjustmeuists, for whom our assumption of quasi-fixed
organizational factors is more likely to be accerad .140 (t=2.98). Therefore, it appears thahéo
extent that our organizational factors are chandiming the sample period, it would introduce a
downward bias to our estimates.

We can also test for other specification problesngdrying the length and sample frame of our
panel. In particular, our organizational practiceasures are likely to accurately reflect actuatfices
in the interval around 2001, and be less accurdtiea early and late years. Moreover, if firms@do
these practices over time as IT prices declineuasheory would predict, we will likely overstatee use
of these practices in early periods, and undergteta in later periods. In Column (3), when watniet
the sample to a five-year panel close to 2001, btaio estimates similar to our full estimates irblEz0,

and we cannot reject the hypothesis that the aieffis on the 3-way interaction term are the sarnesa
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the two regressions. In Columns (4) and (5), weseparate regressions from 1999-2001 and from-2002
2006. The higher coefficient estimates on the mirgdional measures in the 1999-2001 period is
consistent with the interpretation that our suri@asures understate organizational differencesdefo
2001 and overstate them after 2001. Overall, stimates in (1) through (5) suggest that everrrifigi

were becoming more externally focused during tlyeses, measurement error in organizational facsors
unlikely to have had a significant effect on ouireates, and certainly should not have biased our
estimates upwards.

In Table 11, we implement a series of tests forglementarities proposed by Brynjolfsson and
Milgrom (2009) that contrast the productivity afrfis that have adopted different combinations of IT,
EXT and WO. We first dichotomize each of the thvagables where a 1 represents high levels of the
organizational practice, and a 0 represents loeiseW he highest productivity group is that in whic
firms invest in all three factors (1, 1, 1), whéne values are average productivity differencestined to
the (0, 0, 0) group. F-tests indicate that thelpotivity differences between the (1, 1, 1) groond a
groups with any combination of two factors aresadhificant at the 5% level. Furthermore, the poin
estimates on the off-diagonal terms are negatittew@gh they are not significant. This pattermresults
is precisely what would be predicted by the comgetarities story, and provides additional evidence
that our results are not being driven by endogenoganizational investment. Although reverse
causality between performance and organizationalstment might explain the (1,1,1) quadrant, itsdoe
not explain why firms that have neither factor lage would be more productive than those with ate b
not the other in place. Furthermore, Chi-squaestst(shown with Table 11) indicate that the mgjarf
firms appear to cluster into one of the two maegdinal quadrants within this group, as would be
expected given the observed productivity differesnaed the expected clustering of complementary
practices. Interestingly, these results also ssighat even for low IT firms combination of
decentralization and external focus appears toigedyenefits that are independent of IT investment

levels, consistent with the positive EXTXWO crossst in our regression analysis.
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Complementarities arguments also predict that thegimal benefit of adopting a practice should
be increasing in the presence of complementarytipesc As noted by Aral, Brynjolfsson and Wu (2Pp09
and Brynjolfsson and Milgrom (2009) this can beange as movements along the edges of a cube where
each axis represents one of the (dichotomized}ipeameasures (see Figure 2). This increasingnetu
argument implies three specific tests of moveménmigaan edge, plus a fourth test that considerthisdke
movements. For instance, one test is whetherdbptan of EXT adds greater benefit in the presarice
IT and WO [the movement from (1,1,0) -> (1,1,1@nhadoption EXT alone [the movement from (0,0,0)
->(0,0,1)]. The results of these tests suggestttie benefits of adopting external focus in thespnce
of IT and decentralization are greater than theebisnof adopting external focus alone (p<.01), drel
benefits of adopting decentralization are incragginthe presence of IT and external focus (p<.05).
adoption also provides greater productivity beséfitthe presence of decentralization and extdotals,
but this is not significant, perhaps due to thessatitial complementarity between external focus and
decentralization alone. Finally, we reject thd hypothesis of no increasing returns when we a@rsi
all three changes simultaneously (p<.01).

The findings from Table 11 and Figure 2 are visuadiptured in Figure 3, in which we show a
plot of fitted values from a regression of orgatimaal and IT inputs on the productivity residuadsen
other variables have been netted out. Lightersare&igure 3 correspond to higher productivityues.

The “saddle” shape of the surface is consisterit aitomplementarities argument between external and
internal information processing practices. Firhmsttinvest in both sets of practices appear to do
particularly well, but firms that invest in neithget of practices perform better than firms thaest in

only one or the other set of practices.

5. Conclusion

Our results suggest that a 3-way system of compi&siteat includes external focus,
decentralization, and IT intensity is associatetthywroductivity in modern firms. IT is only posiély

and significantly associated with productivity foms that simultaneously have the right organasi
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structures in place, whether through wise manageordaock. While prior work has demonstrated the
importance of decentralization in explaining diffieces in returns to IT investment, the central
contribution of this paper is the integration of #xternal focus variable into the IT productivity
framework.

Our hypothesis that decentralized decision-makimexternal focus are complementary to IT
investment is supported by a number of differemtigses. First, these three factors are highlyetated,
indicating that firms are likely to invest in theogether. This pattern of joint investment is posetl if
managers are at least somewhat aware of these emeplarities or if competition selects for companie
with more productive combinations of practices. &&o found evidence that one of the principal
mechanisms through which external focus affectdyrtvity is via improved product development.
Some of the strongest evidence of complementadteses from our production function estimates —
the combination of IT, decentralization, and exé¢focus is positively associated with firm produity.
Moreover, when these complements are includediduction model, main effect estimates of IT and
other organizational factors essentially disappedicating that firms derive the most benefit from
implementing the system of technological and orgaional resources.

From a research perspective, our study contriiotaditerature on determinants of IT value, and
in particular, on IT-related organizational compéts. Our findings highlight the benefits of infation
technologies in an environment in which innovatiangely takes place through external linkages with
other firms, rather than within insular firms. Infieation technologies appear to provide greaterfiitsne
for firms that must process information effectivedyrespond to frequent environmental signals.sThi
observation is also consistent with recent resesuiggesting cross-regional in returns to IT adoptio
since these complementarities are likely to be malstable when firms are located in informatiorric
environments. Finally, from a research methodsdgaint, we have identified an effective set of
instruments for work organization and external &yquroviding greater confidence that these and prio

results on the benefits of IT-related organizatigaactices are not driven by endogeneity.
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A key managerial implication of our research i tlextroverted” firms are more productive and
derive disproportionate benefits from advancediand workplace organization. Companies that ekploi
this opportunity by using more information from tmers, suppliers and even competitive benchmarks
appear to outperform their rivals. Moreover, tledical arguments suggest that managers should
implement all of the elements in a system of comglets to realize the maximum benefits (Milgrom and
Roberts, 1990). Therefore, managers in firms witbeditralized structures may not realize productive
returns to IT-related investments unless they éinday to also promote cross-boundary information
flows through external practices such as competitienchmarking and inter-organizational product
teams. Thus, while the two types of organizatigmattices are complementary, external focus t&ndis
from organizational decentralization both theomdtycand empirically. However, it is likely thatio
measures represent a wider set of practices tha fise to bring information into the organization.

Our findings may also have implications for poliogkers. There has been recent discussion of
why IT appears to have led to greater productigitywth in some regions within the US than in others
and in some parts of the world than others (Dewahkaaemer, 2000; Bloom, Sadun, and Van Reenen,
2008). Our findings suggest that the degree to lwfiims are networked with customers, suppliers, an
partners is a potentially important factor explaqdifferences in IT-led productivity growth. Even
within the same industry in the US, scholars hd@s that considerable variation can exist amorg th
degree to which firms share information acrossamg(Saxenian, 1996).

There are some important limitations to our stuBgcause of the research design, we were not
able to conduct fixed effect productivity regressido determine if changes in organizational ashete
productivity changes. Thus it is possible thatdlganizational assets that we have focused onanere
reflecting some unobserved heterogeneity amongrthe in our sample. However, we controlled foe th
most likely candidate, human capital endowmentd,supplementary data allowed us to test whether our
results were sensitive to this assumption. We ebdpat future research using more fine-grained
measures of organization will continue to identifiier organizational and management practices that

interact with technology to affect productivity aimhovation.
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Table 1: Organizational Practice and Human CapitalSurvey Variables

Range N Mean Std. Dev.
External Focus
Regularly use competitive benchmarks 1-5 233 3.58 .06 1
Project teams include suppliers, partners, custemer 1-5 227 2.21 1.10
Adopt new technologies 1-5 225 3.10 1.09
Executives spend significant time recruiting -5 724 2.15 0.82
Successful in attracting new employees 1-b 239 292 0.92
Decentralization
Self-managing teams 1-5 249 2.39 1.15
Cross-training 1-5 250 3.29 0.98
Team-building activities 1-5 249 2.70 1.04
Quality circles 1-5 243 251 1.17
Promotion based on teamwork 1-5 245 2.38 1.14
Who decides pace of work (5=employees) 1-5 252 2.48 0.75
Who decides method of work (5=employees) 1-5 251 2.78 0.83
Product Cycles and New Technology Adoption
Typically first to introduce new products 1-5 218 23 1.08
Leading edge adopter of new technologies 15 225 10 3. 1.09
Weed out marginal product lines 1-5 208 3.34 0.99
Human Capital Variables
% College 0-90 206 20.2 20.0
% Professional 0-79 227 22.6 18.6
% Skilled 0-88 227 23.6 20.5
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Table 2: External Focus Measure

The Extroverted Firm

Kohli, Jaworski, & Kumar Mendelson & Pillai Tambe, Hitt, &
(1993) (1999) Brynjolfsson (2011)
Measure Intelllgerjce Extern_al External Focus
Generatioh Informatior?
The collection and assessmeni Whether the organization has| External information practice
of both customer needs/ receptors to sense changes in used to detect environmenta
Definition preferences and the forces (i.e},the external environment and | changes

task and macro environments)
that influence the development
and refinement of those needs

provide it with quick and
accurate feedback.

Information Scope

Customer Preferences

Technology, Product
Markets, Customers, and
Competitors

Technology, Product
Markets, Customers, and
Competitors

Industry Scope

All sectors

IT Hardware Manufacturing

All Sectors

Scale Iltems Used

1. In this business unit, we
meet with customers at least
once a year to find out what
products and services they
will need in the future.

2. In this business unit, we do a
lot of in-house market
research.

3. Weare slow to detect
changes in customer’s
product preferences.

4.  We poll end users at least
once a year to assess the
quality of our products and
services.

5. Weare slow to detect
fundamental shifts in our
industry (e.g., competition,
technology, regulation)

6. We periodically review the
likely effect of changes in our
business environment (e.g.,

regulation) on customers.

1. How important are direct 1.

discussions with customers
and input from marketing
personnel, as sources of

ideas for product 2.

development?
2. How important are
customer preferences in

defining your cost reduction | 3-

targets?
3.  On what basis do you set
order throughput time

targets? 4.

Project teams often
include employees from
customers, suppliers, or
business partners
Competitive benchmarks
are regularly used in
corporate strategic
planning.

We are usually the leading
edge adopter of new
technologies in our
industry.

Executives devote a
significant part of their
time to recruiting.

We are successful in
attracting new employees
because we pay better
than industry average.

a [ntelligence generation is one element of “Market Orientation” along with intelligence dissemination and responsiveness.
bAwareness of external Information is one element of the ‘Information Age Organization’, along with decentralization, incentives, internal
knowledge dissemination, learning by doing, internal focus, and inter-organizational networks.

Table 3: Correlations for Variables Used in Externd Focus Measure

BENCHMARK | PROJTEAM | EXECRCRT NEWEMP NEWTECH
BENCHMARK 1.0
PROJTEAM .22 1.0
EXECRCRT 13 .13 1.0
NEWEMP 17 .23 .25 1.0
NEWTECH .27 .07 .10 .28 1.0
N=201
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The Extroverted Firm

Table 4: Comparison of Occupational Distribution inSample of Domestic IT Workers with 2006

Occupation IT Worker Sample OES
Computer & IS Managers .18 .10
Computer Support Specialists .26 .20
Systems Analysts & Programming .37 .50
Network and Data Communications 19 .20

Table 5: Means, Standard Deviations,

and Correlatios for IT Measures

Variable N Mean | Std. Dev.| Min| Max| 1 2
1. % IT Employees | %ITEMP | 177 2.3 2.2 A 162 1.(
2. % Use PC %PC 171 63.7 29.9 104 3 1.0
3. % Use Email %EMAIL | 171 61.3 30.4 0 100 21 .8b
TSurvey variables.
Table 6: Production Function Variables
Variable Mean Std. Dev.

2001 Cross Section

Log(Sales) LSALES 6.80 1.77

Log(Value Added) LVA 5.73 1.80

Log(Employment) LEMPLOY 8.44 1.66

Log(IT Employment) LITEMPLOY 4.61 1.68

Log(Capital) LCAP 6.01 2.02

N=181

Inhibitors
External Focus| Decentralization

(EXT) (WO)
Log(% Email) 24 rxx 25%r*
Log(% PC) .18** .16**
Log(IT Emp) 21* A7
WO ABFE*
ADJ - 24%** -.28%**

transformation.

Partial correlations controlling for industry, %ofessional workers, and %
skilled workers. N=160-210, due to non-response.¥p**p<.05,
***n<.01. Test is against the null hypothesis ttis correlation is zero.
ADJ is the aggregate measure of inhibitors of ogional
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The Extroverted Firm

Table 8: Regressions of IT and Organizational Pragtes on Product Development Measures

1) 2) 3) 4) (5) (6)
FIRST SPEED PLMGMT FIRST SPEED PLMGMT
oLS OoLS OoLS 2SLS 2SLS 2SLS
External FocusEXT) 0.310*** -0.076 0.294*** 0.437*+* -0.045 0.079
(0.090) (0.097) (0.094) (0.134) (0.144 (0.142)
Decentralization\(VO) 0.040 0.125 0.152* -0.149 0.007 0.335**
(0.086) (0.093) (0.090) (0.146) (0.157 (0.154)
Log(%Email) 0.051 0.267** -0.170 0.085 0.281*) -64
(0.117) (0.127) (0.123) (0.119) (0.128 (0.126)
Log(R&D Intensity) 0.045 0.200** 0.018 -0.008 0.¥75 0.045
(0.072) (0.078) (0.076) (0.073) (0.079 (0.077)
Controls Industry Industry Industry Industry Industry Industry
%College | %College %College %College %College %College
Hausman Test p=.143 p=.563 p=.124
Observations 135 135 135 128 128 128
R-squared 0.23 0.17 0.24 21 .15 .20

Huber-White robust standard errors in parenthessggnificant at 10%; ** significant at 5%; *** sigificant at 1%. All
regressions on 2001 cross sectional survey datRST is a measure of the extent to which firms are ttst fo introduce

new products in an industnSPEED is a measure of how long it takes to design atrddiice a new product after approvgl.

PLMGMT is a measure of internal product line managenemd, it indicates whether firms regularly weed owrginal
products from their product line. Instrumental aéaites used in 2SLS regressions include individusiibitors of
organizational adjustment as well as state dumndidirst-stage regressions in (4)-(6) have ahd® at least .42. Th

11%

Hausman Test is a test of the null hypothesis@hi&s is inconsistent.
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Table 9: Regressions of IT and Organizational Pragtes on Productivity Measures

The Extroverted Firm

1999-2006 | 1999-2006 1999-2006  1999-2006  1999-2D06 999-P006 1999-2006
1) 2 (3) 4 ®) (6) (M
DV: Log(VA) oLS OoLS oLS OLS oLS oLS 2SLS
Log(Capital) 0.323%** 0.303*** 0.319**= 0.317%*= 0312 L1327 0.332%**
(0.032) (0.030) (0.029) (0.029) (0.034) (.043) 0gm)
Log(Non-IT Emp) 0.582%** 0.595%** 0.579%** 0.616%** 0.643%** 891 x* 0.642%**
(0.056) (0.053) (0.057) (0.048) (0.055) (.054) 0@®)
Log(IT Emp) 0.076* 0.069* 0.071* 0.022 -0.002 -.050 -0.028
(0.038) (0.037) (0.039) (0.037) (0.040) (.029) 04m)
WO 0.184 0.103 0.149 .054 0.118
(0.166) (0.153) (0.141) (.131) (0.377)
WO x IT 0.020 0.002 0.016 .004 -0.011
(0.037) (0.033) (0.030) (.026) (0.087)
EXT 0.122 0.014 -0.068 .047 -0.027
(0.189) (0.168) (0.157) (.152) (0.574)
EXT x IT 0.014 0.006 -0.016 .009 0.018
(0.044) (0.038) (0.036) (.034) (0.138)
EXT x WO 0.429%** 0.387*** .365%** 0.847**
(0.123) (0.126) (.116) (0.338)
WO x EXT x IT 0.099%** 0.090%*** .098x** 0.179*
(0.032) (0.032) (.029) (0.082)
1 digit 2 digit Industry,
1 digit 1 digit 1 digit 1 digit Industry, Year, Industry,
Controls Industry, Industry, Industry, Industry, Year, %Skilled, Year
Year Year Year Year %Skilled, | %Prof, %High,
%Prof % Coll
Hansen J 0.436
Anderson CC 84.7, p<.000
Hausman Test 0.617
Observations 813 813 813 813 769 769 813
R? 0.92 0.93 0.93 0.93 0.93 0.95 0.92

Huber-White robust standard errors in parenthéssiginificant at 10%; ** significant at 5%; *** sigificant at 1%. Errors ar

clustered on firm. IT Employment, Non-IT Employmesmid Capital are in logs.

Dependent variable Inredressions is

Log(Value Added). All first-stage regressions &) have an Rof at least .22. The Hansen J Statistic testsitiiehypothesis
that the instrumental variables are uncorrelateti Wie residual terms (exclusion restriction). Argbn tests the correlatiof
between the endogenous regressors and instrunvaniables, and therefore, for instrument weakn€he. Hausman Test tes
the null hypothesis that OLS is inconsistent.

11%

ns
ts
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Table 10: Sensitivity Tests to Quasi-Fixed Organizéonal Assumptions

DV: Log(Value Added) 1999-2006 1999-2006 1999-2003 1999-2001 2002-2006
1) (2) 3) 4) (5)
Low Adj Cost High Adj Cost All All All
Log(Capital) 0.294*** 0.333*** 0.300*** 0.319*** 0312***
(0.060) (0.035) (0.035) (0.039) (0.031)
Log(Non-IT Employment) 0.647*** 0.564*** 0.614%** 0B27*** 0.611%*
(0.081) (0.055) (0.055) (0.076) (0.045)
Log(IT Employment) 0.000 0.067 0.030 -0.007 0.038
(0.055) (0.051) (0.040) (0.056) (0.038)
EXT 0.055 -0.034 -0.136 -0.400 0.213
(0.228) (0.246) (0.185) (0.296) (0.154)
WO x IT 0.155 -0.259 0.015 0.227 0.024
(0.249) (0.264) (0.039) (0.244) (0.144)
EXT x WO 0.354** 0.610*** 0.370** 0.551** 0.404***
(0.159) (0.186) (0.142) (0.232) (0.117)
EXT xIT 0.020 -0.007 -0.033 -0.095 0.055
(0.050) (0.058) (0.043) (0.068) (0.035)
WO x IT 0.020 -0.089 0.015 0.032 -0.015
(0.053) (0.055) (0.039) (0.053) (0.031)
WO x EXT x IT 0.085** 0.140*** 0.082** 0.124** 0.097***
(0.037) (0.047) (0.037) (0.057) (0.031)
Observations 424 389 528 316 497
R-squared 0.93 0.94 0.92 0.91 0.95

Huber-White robust standard errors in parenthessgnificant at 10%; ** significant at 5%; *** sigificant at
1%. Errors are clustered on firm.
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Table 11: Productivity with Matches and Mismatcheson Complements

IT=1
EXT
\ 1 0
WO

406+ -.043
1 (.104) (.120)
N=74 N=32
-267 1020
0 (.268) (.160)
N=29 N=49

Huber-White robust standard errors are shown iarmgheses and clustered on firm.
Pearson Chi-Sq(1)=19.4, p<0.01.

IT=0
EXT
\ 1 0
WO
199* -.021
1 (.105) (.146)
N=74 N=10
-.000 0
0 (.105) (N/A)
N=33 N=61

Huber-White robust standard errors are shown iargaeses and clustered on firm
Pearson Chi-Sq(1)=51.9, p<0.01
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The Extroverted Firm

Figure 2: Cube View of Complementarities Between ITWO, and EXT

0,1,1
ﬂlyl Y: WO

0,1,0
X T
1,0,1
Q} —
0,0,0, 1'0'0
4 tests of complementaries:

1.IT: F(1,1,1) - F(0,1,1) > F(1,0,0) — F(0,0,0) Fail p=.333
2. WO: F(1,1,1) - F(1,0,1) > F(0,1,0) — F(0,0,0) " p=.043
3. EXT: F(1,1,1) — F(1,1,0) > F(0,0,1) — F(0,0,0) v p=.007

4. The system:
[F(1,1,1) - F(0,1,1)] + [F(1,1,1) — F(1,0,1) ] +[F(1,1,1) - F(1,1,0)] -
[F(1,0,0) — F(0,0,0)] + [F(0,1,0) — F(0,0,0)] + [F(0,0,1) — F(0,0,0)] >0

p=.008

Figure 3: Level Plots of Fitted Values from Regressn of Productivity on External Focus, Workplace
Organization, and Information Technology
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Productivity
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Notes:From authors’ regressions. z-axis is log(value djide
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SUPPLEMENT: TESTS USING INDIVIDUAL EXTERNAL FOCUS M EASURES

The Extroverted Firm

1) (2) 3) (4) (5) (6) (7)
BNCHMRK |\ oo
DV: Log(VA) BNCHMRK | NEWTECH | NEWEMP | EXECRCT | PROJTEAM | NEWTECH | [yl ons
PROJTEAM
T .068* .057 .045 041 .009 025 042
(.037) (.041) (.036) (.035) (.038) (.037) (.038)
WO .093 159 142 284 -.006 -.023 290
(.159) (177) (.155) (.169) (.160) (.149) (171)
WO x IT .005 015 015 .039 -.026 -.026 042
(.031) (.038) (.034) (.037) (.036) (.034) (.037)
EXT .093 .068 042 -.208** 208 181 -.236*
(.159) (.175) (.204) (.113) (:213) (.192) (.142)
EXTx IT 021 .010 .008 -.061%* .055 .045 -.049
(.040) (.040) (.048) (.025) (.051) (.048) (.032)
EXT x WO :330% 126 .290%* 178 544 469+ 242%
(.151) (.159) (.128) (.091)* (.121) (.137) (.106)
WO x EXT X IT .062 035 .065%* .044* 1354 107+ 057**
(.038) (.036) (.032) (.024) (.032) (.034) (.025)
Observations 813 813 813 813 813 813 813
R 93 93 93 .93 93 93 93

In the above table, we report results from our megressions (the specification shown in Table@u@n (4)) where we vary the
construction of our external focus measure. Iru@wis (1) through (5), we test each of the exteiomls constructs individually.
In Column (6), we report results when using only three practices most closely related to thosestiyated in earlier research
(Mendelson, 2000). In Column (6), we report resuthen only using the labor market variables. Bkisof regressions indicates
that our results are not sensitive to any singldedying construct, and instead represent a brofaeorientation towards external
information acquisition.

Huber-White robust standard errors in parenthésgignificant at 10%; ** significant at 5%; *** sigificant at 1%. Errors are
clustered on firm. Dependent variable in all regi@ss is Log(Value Added). Regressions are froseli@e model in Column (4) o
Table 7, and also include Capital, Non-IT Employimend controls for 1-digit industry and year.
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