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Abstract

The business value of information lechnology
(IT) has been debated for a number of years.
While some authors have attributed large pro-
ductivily improvements and substantial con-
sumer benefits to IT, others report that IT has
not had any bottom line impact on business
profitability. This paper focuses on the fact that
while productivity, consumer value, and busi-
ness profitability are related, they are ultimate-

1 Allen Lee was the accepting senior editor for this paper.

2 An earlier version of this paper appears in the
Froceedings of the Fifteenth Intemational Conference on
Information Systems under the titte: “The Three Faces of
IT Value: Theory and Evidence,” where it won the awards
for “Best Paper Overall” and “Best Paper on the
Conference Theme.”
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ly separate questions. Accordingly, the empiri-
cal results on IT value depend heavily on
which question is being addressed and what
data are being used. Applying methods based
on economic theory, we are able fo define and
examine the relevant hypotheses for each of
these three questions, using recent firm-level
data on IT spending by 370 large firms. Cur
findings indicate that IT has increased produc-
tivity and created substantial value for con-
sumers. However, we do not find evidence that
these benefits have resulted in supranormal
business profitability. We conclude that while
modeling techniques need to be improved,
these results are collectively consistent with
economic theory. Thus, there is no inherent
contradiction between increased productivity,
increased consumer value, and unchanged
business profitability.

Keywords: IT productivity, business profitabili-
ty, IS investment, economic theory, con-
sumer surplus, computers

ISRL Categories: AM, EF07, EI0205.04, GAO1

Introduction

Questions about the business value of
Information Technology {IT) have perplexed
managers and researchers for a number of
years. Businesses continue to invest enormous
sums of money in computers and related tech-
nologies, presumably expecting a substantial
payoff. Yet a variety of studies present contra-
dictory evidence as to whether these expected
benefits have materialized (Brynjolfsson, 1993;
Wilson, 1993). The debate over IT value is
muddled by confusion over what question is
being asked and what the appropriate null
hypothesis should be. in some cases, seeming-
ly contradictory results are not contradictory at
all because different questions are being
addressed. Research has been further ham-
pered by the lack of current and comprehen-
sive firm-level data on IT spending.

This paper attempts to pinpoint the right ques-
lions regarding IT value and explicitly define
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the appropriate theorst Gi
hypotheses. Mow fhat detal d eune, dgta on
IT spending by scverg! hundred largs fi
have been made aveaitable by ine Internaticra
Data Group (IGG), sach of these hybathesas

an be smpirically examinad usmg the samse
':%aia sel Trus, our goats ara: {1) to explain the
theoretical relationships among he p
rneasurss of iT's 2zonomic omr.but n, and
(2) to apply the diverse maodels vreviously
used to address these different measures o
the same data set. In th= process, some of the
previcus research findings n u“lh ar 1A are
highlighted and some implic
agers and researchars are durived.

J—'\
3
us

in interpreting past findings, it is vsetul to
understand that the issue of 1T value is not a
single guestion, but is composed of sgversl
related but guite distinet 'zsues:

1. Have invastoents in T increased productivity?

2.Have investrents in T improved busingss
profitability?

3.Have invesimenis in 1T created velug
consumers’?

The tirst question asks whethar IT has enabled
the production of more “outpu” for 2 given
quantity of “inpuis.” The seccnd considers
whether firms are ghle o uss i1 o gain com-
petitive advantage and earn higher profits than
they would have eamed otherwise, The final
issue is concernnd with the magnitude of the
benefits that havs been passed on to con-
sumars, or perhaps reclaimed from them,

We argue ihat ihese three questions are logice

Iy digtinct, each having dfferent implication f
how managers, researchers, and policy makers
should view IT vestment. Because ditferent
researchers have used not on!y diffarent meth-
ods, but alse different data, it has been difficult
o determine the cause of seemingly contradic-
tory results.? We demcenstrate that for the sama

3 This problzm is by no means urigue to the 1T vaius
debate, Qubhaxsnt 2rd Merdaison {1531) asaribe ito the
entire IS fiefd.

122 MIS Quartsdlyldung 188F
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data. 17 appears to have increased nroducivity
ard provided substantia .
but there is ho clear F‘B"'!pII'ICm connection
zetween these benefits and Higher business
orora‘ia or stock prices. This 1r1cucf*t 5% zhe: ai

L

not due to o \'Ea-fences i
show that there is no inharent 5

amte“* wam GCOr|0maC .hem\; v-iemfever our
ings do highlight the faci thiat the answe
gets will depend on the questions cng asks and
ow one addresses them, even when the saim
data are used. Models matlier.

The remainder of this papes is oroansized as fol-
lows, The next seciion reviews the sxisting i
erzture and relevant theory, the following sec
tion presents an smpirical analysis ol ihe
approacheas. ihe section after that discusses

the resuils, and the fma‘ section inciudes »
swmimary and discusses the imetications.

Theoretical Perspectives
and Previous Research

4

Microeconomic theory and business =t
cnn provide uselu fo r*.c!aiions for asse
bfnan*s of IT. Tr‘.

=i
o

B0y

[ B

studies of IT value 'Mu provids
interpeating the vanous findings. :n pa:
ihres framaworks map consistently fo ibe i
guestions raised in the intreduction:

[9]
(U]

'ssup Framework
Frodiis hwry Theory of Prod uction
Business " Thaories of Competit? e
Profitability | Stategy

Consumer ' . T
Value Traory of the Consumer

Theory of productioh

r over 50 years, the theory of produstion
ag;p*nar‘* has been vsed axtensivaly to eval-
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ate the productivity of various firm inputs such
as capital, labor, and R&D expenditures
(Berndt, 1991). More recently, it has been
used to assess |T investments. The theory
pesits that firms possess a method for trans-
forming various inputs into output, represented
by a production function. Different combina-
tions of inputs can be used to produce any
specific level of output, but the production
function is assumed to adhere to certain math-
ematical assumptions.4

By assuming a particular form of the production
function, it is possible to econometrically esti-
mate the contribution of each input to total out-
put in terms of the gross marginal product. This
represents the additional output provided by
the last dollar invested and is distinct from the
overall contribution, which is the average for all
dollars invested.® Since firms will seek to invest
in the highest value uses of an input first, theo-
ry predicts that rationally managed firms will
keep investing in an input until the last unit of
that input creates no mere value than it costs,
Thus, in equilibriumn, the net marginal product
for any input will be zero. However, because
costs are positive, the gross marginal product
should also be positive.

Therefore, in equilibrium, the theory of produc-
tion implies the following hypotheses:

H1ia: IT spending has a positive gross mar-
ginal product (i.e., it contributes a pos-
itive amount to output, at the margin),

and

H1b: IT spending has zero net marginal
product, after all costs have been
subtracted.

These hypotheses are empirically testable,
and deviations from them will require elabora-

4 Specifically, the production function is assumed to be
quasi-concave and menotonic (Varian, 1992).
Furthermore, specific functional forms, such as the Cobb-
Douglas production function, entail additional restrictions.

5 |t hears pointing out that fotal benefits of iT spending can
still be large even if marginal benefits are zero or nega-
five. In fact, a high marginal product may be a sign of
underinvestment.
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tion or modification of the basic theory and/or
the underlying assumptions.

Several studies have employed methods
based on the theory of preduction to evaluate
IT productivity for firn- and industry-level data.
Loveman (1924) found that gross marginal
benefits did not deviate significantly from zero
for a sample of 60 manufacturing divisions
{(1978-84 time period}. Using more recent
firm-level data for Fortune 500 manufacturing
and service firms (1988-1992 period),
Brynjoifsson and Hitt (1993; 1996) and
Lichtenberg (1995) found gross marginal ben-
efits of over 60 percent. As a practical matter,
the marginal costs of IT will depend on factors
such as the depreciation rate, which can be
difficult to determine. Brynjolfsson and Hitt
{1993; 1996) and Lichtenberg {1995) calculat-
ed net benefits using various assumptions
agbout depreciation rates and found that net
returns to IT were likely to be positive. In con-
trast, Morrison and Berndt (1990) explicitly
eslimated a cost function for 20 manufacturing
industries from 1968-1986 and found that net
marginal benefits were -20 percent. Because
these studies examine different time periods
and different data as well as different specifi-
cations, it is not obvious how to reconcile the
resufts.

Theories of competitive strategy

While the theory ot production predicts that
lower prices for IT will create benefils in the
form of lower production costs for a given level
of output, it is silent on the question of whether
firms will gain competitive advantage and
therefore higher profits or stock values. For
that, we must turn to the business strategy
field and the literature on barriers to entry.

As Porter (1980) has emphasized, in a com-
petitive market with free entry, firms cannot
earn sustainable supranormal profits because
that would encourage other firms to enter and
drive down prices. Although there is the possi-
bility of exploiting an unusually profitable
opportunity in the short run, long run account-
ing profits will be just enough to pay for the
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3 ¥ 1] 1 1= B,
demanded {rom Dpto Q1. there is 2dded surplus due to the lower price on ux.qug purchases (shaded
arga 1), and there is added surplus from the increase in purchases (shaded ares 7).

Figure Z. Componenls of Added Surplus — Increased Value on Bxisting Unils and Added Value
From increased Purchases

Comparing and integrating the
alternative approaches

Az noted i the discussion abova, the three
methods measurs several different things. The
oroduction theory approach messures ihe
marginai benefit cf IT. Examining business
profitabilily indicates whether the benefiis cre-
ated by IT can be appropriated by firms o cre-
ate competitive advantage. The consumer sy
plus approach focuses on whether the benefits
are passed on to consumers.

In order to understard the relationship
between the three measures of T value it is
useful to consider how the concept of value is
treated in economics. There arz only lwe ways
to obiain value: value can be created, and
valug can be redistrbuted from others. White
the processes of value cieation and valus
redistribution are oflen linked, they can also be
considered separaiely.

Productivity is micst closely associated with ths
pracess of value creation. If IT .mfesmcr*?q are
productive, then mors oulput is 82

126 MIS Quarieriy/ i

T

given quantity of inpul, leacing to inciease
valug tha: can be distribuled amon g T
investors, suppliers, customers, oF aothsr eco

nomic agents. Business profitabdlity and con-
swner surplus are alse affected by value redie-
fibution. If a firm is able to us2 IT to ereals
sod retain value, then IT investmarn
to increased business pmfltc_bllrty
Alternatively, a firm can increass Orcfi ity
with iT by redistribuling value from cus
or suppliess (i.e., L.a;m_,, information 1o im
price discrimination between different %y
conaumers, foraclosing competition, Ol
down prices paid 1o Jppiaars) vithout incress-
ing the size of the to*a. valus “pias in this
gsense, business profil L:w“y s distinct from
productivity - pmduciiv-a iT can facilitzdie high-
er business prefitelilily but is r*sﬁh&f neces.
sary nor sufficient. Consumer surplus repre-
zante the sther side of business value. To the
agient that valug is being created by IT wilhowt
g capiured by firms, consumers will ba

an, 1283),

taki {hasa

Schefim




receiving the benefits. By the same token, if
firms use IT for value redistribution, consumer
surplus may decrease as business profitability
is increased.

The net effect of IT on these three factors
thus represents a complex interplay between
the types of IT investment, the ease with
which these investments are copied by com-
petitors, the nature of competition within an
industry, and other industry-specific factors
such as consumer demand. Under normal
competitive conditions where managers are
making good or optimal investments in pro-
ductive technologies, consumer surplus and
productivity will generally increase together.
The same is not true for business profitability
because short-term profit increases from new
technology will typically be eliminated by the
increased competition that the new technolo-
gy facilitates.

Empirical Analysis

In order to investigate the effects of IT invest-
ment, each of the approaches described in the
previous section is applied to the same data
set. It is then possible to examine how the
three approaches are interrelated without the
potential confusion created by comparing dif-
ferent studies with different data. By the same
token, for each approach, we attempt to apply
the same model used in the previous literature
for that approach. Our results can thus be
more easily compared with prior work.? This
strategy should help highlight which differ-
ences are due to data and which are due to
modals.

Data

The data used for this analysis comprised an
uribalanced pane! of 370 firms over the period

9 In fact, to facilitate a cumulative research tradition, the
complete data set is avalilable from the authors on
request, along with a data appendix describing the vari-
ables in more detail.

information Technology Yalue

1988-1892, with 1102 data points overall,'® out
of a possible 1850 data points (5x370) if the
panel were complets. Computer spending data
were obtained from IDG’s annual surveys of [T
spending by farge firms (top half of the Fortune
500 manufacturing and service listings) from
1988-1992. These data were matched to
Standard & Poor's Compustat || database to
obtain values for the output, capital, labor,
industry classification, and other financial data.
These data were augmented with price indices
from a variety of sources to remove the effects
of inflation and allow interyear comparisons on
the same basis. The precise variable defini-
tions and sources are shown in Table 1, and
sample statistics for the key variables are
given in Table 2.

Ideally, we wanted to incorporate all compo-
nents that are considered IT into our measure,
A broad definition could have included hard-
ware expenses {computers, telecommunica-
tions, peripherals), software expenses
(in-house or purchased), support costs, and
also complementary organizational investments
such as training or the costs of designing and
implementing IT-enabled business processes.
Unfortunately, detailed data on the totality of IT
expenses is generally not available.

Our measure of information technology, called
“IT Stock,” is comprised of two components.
The first component is Computer Capital, which
represents the total dollar value of central
processors (mainframes, minicomputers, and
supercomputers) as well as the value of all PCs
currently owned by the firm. The second com-
ponent is 1S Labor, which is the labor portion of
the central IS budget (total budgets cannot be
used because capital expenditure on IT would
be counted both in the budget and in Computer
Capital). To create a single measure of °IT two
assumptions were made: (1) IS Labor repre-
sents a type of capital expenditure that pro-
duces an asset that lasts, on average, three

10This sampla size refers 1o a completa set of productivity
and profitability measures for which there is more than
one observation over the five years in a 2-digit SIC indus-
iry. The sample may decrease further for analyses thal
require additional variables, but the base case analyses
for productivity and profitability were conducted on exactly
the same clata points.
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‘Tabie 1. Variahle Definitions

value of PO detenmined as weighted sverage of P price from
Berndt and Grilichss ‘19‘10) and value of PC from 134.
Bosulting estimata is $2.84 K 'n 1280 dollars.

| Variable | Computation. | Source
Outpist Grms Sales deflated by Output Price {see below). Compiista’
Value Addad Quipest minus non-labor expense Nor-laber expense is Compustal

calculated as total fim expenses {excluding interest, taxes, and

depreciation) divided by Oulput Price less Labor (see below). 7
[iT Stock [ Calcuiated as Computer Capital plus three times IS Labor (see |Calculation |

helow). ]
Computer Markat value of central pracessors plus value of Pls and DG Burvey
Capita! terminals. Detlated by Coimpiiter Price (see balow}. Average

Non-Computer

Deflated hook value of Capital less Computer Dapital as

Compusta’

Capital caiculated above {ior deflator see below).
IS Labor Labur portion of 15 budget. Defiated by Labor Price (see IG Survay
bedow).
Labor Labor xrsenca-(wher avail abn, or estimate hasad on sector Compustat
average 'ah 3 cc‘sis ‘E*naa i -mbmr oﬁ e-np nyees minus 1S
_lkabor D o
| Industry Primary ai'iusiﬂ; at me 2- djgut Slb e - Compustat
Tota! Price change plus accumulatad fvidends divided L\y itia! Coempustat
Shareholder price.
Retum S
| Returm on Equily | Pretax income divided by tota! sharsholders equity. Cormpustat J
[Relum on Assets | Pretax income divided by total assels. Comptistat |

Computer Frice

Gordon's deflator for computer systems—extrapoiated tn
currgni period at same rate of price decline (-19.7%/yr.).

(Ciordon, 1293}

TJutput Price

Outpadt deflator hased on 2-dight mdmw from BEA estimates
of industry price deflators. if not avaliable, sector lavel deflator
for intermadiate materals, supplies, and components.

{Buraau of
Fconomic
Analysis, 1932}

Labor price

Price index for tofal compensation.

{Councit of
Economic

Asvisors, 1992)

Capital F’nw

GDP deflator for fixed investment. Applied ata : catculated
average age basad on total depreciation divided by current
depreciztion,

(Couna# of
-conomic
Advisors, 1992)

Sales Growth Ong-year change o sales. Compustal
Capital Capital investment a5 perceniage of total assals Caompusiat
fnvestpent |

Market Share Total sales divided by ‘,mstrv total sales at the 2-digit ¢ L,a'an szt

level. Indusiry tota! sales were computed by adding up a!!
tirms in Compusial that report & particular 2—digi_t_;_3_r_i;r_r_=ary SiC.

Debt to Equity

Compustat

.

Research and
Development
Stock

An accumulation of nmal R&D exXpense c:xlrulate

procedire

.r

used by Hall (1990). Represants capﬂa!nze 5 value of
R&0 COPJUFT\.«C! over 20 years.

Compustat

128 MIS Quarteity/June 1896
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Table 2. Sample Statistics — Average Over All Five years in Constant 1990 Dollars

Variables Mean Std. Deviation
Value Added $3.27 Bn $4.98 Bn
iT Stock $304 mm $626 mm
Nen-Computer $8.84 Bn $13.9 Bn
Capital
Labor Expense $1.78 Bn $2.85 Bn
Return on Assets 7.55% 7.37%
Return on Equity 19.5% 19.5%
Shareholder Rin. 12.1% 27.6%
ITRATE (iT $6.84 $6.52
Stock/Employees K/employee K/employee
Capital Investment 7.38% 7.02%
(Cap. Inv./Assets)
Sales Growth 5.29% 10.8%
Market Share 6.3% 9.3%
Debt {Debt/Equity Ratio) 96.7% 93.1%
R&D Stock $1.94 Bn $3.81 Bn

years (e.g., software, templates, training); and
(2) current IS spending is a good approximation
of IS spending in the last three years. This
allowed us to convert the annual flow of 1S
labor to a “stock” of IS labor, comparable to
Computer Capital, which is an accumulation of
spending over time. The actual computation is:

IT Stock = Computer Capital + 3 * IS Labor

where the factor of three represents the
assumed setvice lite of the asset created by 1S
Labor. This measure was used in earlier work
to study the relative contributions of 1T in vari-
ous subsectors of the economy (Brynjolisson
and Hitt, 1995).

To the extent that IT Stock fails to capture the
full range of IT expense, cur results can only be
interpreted as applying to the components we
were able to measure. However, if the unmea-
sured components were to be correlated with
the parts of IT we incorporated in our analysis,
then our estimates would partially reflect this
broader definition. This is likely to be true for
other types of hardware or software expendi-
tures, although it may be less true for invest-
ments in less tangible components such as
“organizational technology.” An extensive dis-

cussion of the impact of omitted IT spending
can be found in Brynjolfsson and Hitt (1996} in
the context of productivity analysis,

There are a number of other limitations of this
data set. First, the IDG data were self-reported,
which could lead to errors in reporting and
sample selection bias. However, the large size
of our sample helped mitigate the impact of
data errors. The high response rate (68 per-
cent) suggested that the sample would likely be
reasonably representative of the target popula-
tion, and we found that the included firms did
not appear to differ substantially from the target
population in terms of size or profitability mea-
sures {return on equity, return on assets, total
shareholder return). In addition, the total annual
values were generally consistent with a survey
done by CSC/Index (Quinn, et al., 1993) and
aggregate computer investment data by the
Bureau of Economic Analysis.

Second, estimation procedures were used {or
some items, particulary the value of PCs and
terminals and labor expenses (see Table 1).
However, a range of alternative estimates
were tested for these values, and the overall
results were found to be essentially
unchanged. Finally, the three-year average life
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assumption for tre 'T capital created by 1S
labor was only an approximation, it was oho-
sen to be hetwesn the life of Computer Capiial
assuimed by the Burean of Economic Analysis
(seven years), znd the life of 1S iabor if it were
only an armual expense {one year) (Burean of
Economic Analysis, 1923) This assumption
appeared reasonable berause the compe-
nents of 18 laber spanned a range of activities
such as software development, soflware main-
enance and snhancement, vser suppoit, and
hardware installation that ranged in useful life
from less than a year to the life of & system.
In general, ithe coelficiont esliimates in the pro-
ductivity analysis did nct vary much as this
assumplinn was changeo over the ranges of
one {o seven yoars, although the implied rates
of return to 1T investment cid change some-
what. In other analyses, the coefficients do
change somewhat because e mean of IT
stock changes, bul overall, the besic conclu-
slons remain fhe same,

Production furniction appreach

The production furiction aoproach was applied
1o this data se! using the same methods
employed Dby previous rasearchers
(BrynjoHsson anc Hitt, 1383; Lichisnhery,
1995; lLovewan, 1294). Using the
Cobb-Douglas praduction function, thres inputs
were related, measure in constant 1820 dol-
lars: Tota! IT Stock {C), Norn-Computer Capita!
(K), and Lakor (1) t firm Value Added (V.32
Dummy variables ware also used o confrol {or
ihe year the :)bsewatim wes made {0y, and
the industry (2-dicit 5IC level} or sector of the
economy in which & firm operates {Dj):

- o
Vi=exp| 3 5 + 2,0 b p By
{ il
Hinterestingly, the sverage Fe age o 842 sysioms *DP”‘
od in Swansor and Reath {1288) is 6.6 y=a-s, which
uite closa o our sevan-yaar upper bound

12 whiig this approa ot the oy ethod used for con-
ducting productivity arafysss, # is by far the most common
in the context of calowl: 25 and rarging!
products of inp uvation has the
virtues of simpl g of this

136 MIS Quariedylunz 1308

_Copyright © 2001 All Rights. Reseved.

After taking logarithms
o, we had the fnflowing

log ¥ -'-'ED_, 'r'}’:”[ RlogCH By lop K5 tog L e
'

=
i“ ‘hi s specification, py repre
asticity of iT Siock, which @
cemage incroase in oulput pro
percent increase in 1T Stock Dividing the alas-
ticity by the ratio of IT Stock in Valvs Added
provides an gstimsie of the gross marginai
progduct of iT (which can be interoreted 25 2
izte of return befors costs of invaestment are
subiracted).

sants ihe owiput

]

Unbiased estimates of ihe paramsters o2- be
oblained by Ordi gisares (CL
provided the error term s uncorrelated with the
regresso! s HO‘ sar, following Bryriciisson
d

b
%]

ard Hitt (1933) we also employed lie
Qﬁpmng r»re!:-}t%d legression (ISUR; to

srhance estimation effiniency Hy incorpoEting
the fact that the productivity of particular firms
is likely tc bg correlated across tiie.
Fuithermore, we lested the assumption hat
v error term s uncorrelated with the regr

sors by complting Twe Stage Leagt 3
estimates (28L8} with lagged values
independent variables as ingtiuments 13

Hiz of thiz analysis are presentad in

l2 3. When «ustrles ana vesrs ware
estimated m‘uhwcc_a v, w2 found that the
it elasticity of IT Stock was 0883, imphy-

a gross marginal pioduct of approximately
9 percent.i* The a'asticity was sim for
tba ISUR analysis (using secior dummy vari-

0]

i

agproach includa the use of more G
FUCH 83 tho Translog o7 using d'ﬂe\'?ﬁ
suph 25 stachastic produ nhon ‘.'ron%r

mp’m function fn- i

=uUch as subshiuhon bems‘gn i ..')Ld:“— or e
cigs of various firms {soe a.g., Banker and Maindiatic,
1388, Caves and Barton, 1980; Lze ond Bamiz, 1394),

BFor srample, the
woidk! be the 1887 -
and Labor £xpenses, @ S
2ummy variables These e far o perioct instrirants

14 The marginal prodins iz ecual 1o ific clastisiy um:‘r" by
the perceniags of IT in Value- d, whici 15 .0230.
Tharefore, the gross rhargins! ban
94.9 percant.
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Table 3. Production Function Analysis

OLS on
oLs ISUR 2518
Estimates Estimates Sample 28LS
IT Stock .0883* .0897" .0696" .0479*
(-0118) (.00920) {.00940) (.0219)
Non-Computer Capitat 212¢ 225* .181* .128*
(.0125) (.00864) (.0159) (.0269)
Labor .663" .630" 725" 812+
{.0231) (.0112) (.0218) {.0415)
Dummy Variables Industry & Sector & Industry & Industry &
Year Year Year Year
N 1109 1109 765 765
R? 97.2% 94.2-95.1% 97.0% 97.0%
*-p<.05.

Notes: Heteroskedasticity-consistant standard errors used for OLS and 2SLS. Multiple Rz measures
are presented for ISUR because a sparate R2 is computed for each year.

ables) although the standard errors decreased
somewhat, indicating a gain in estimation effi-
ciency. The gross marginal product for clther
capital and labor were 7.8 percent and 1.22
respectively, which is approximately what
would be expected for inflation-adjusted esti-
mates of these figures,'s and was not inconsis-
tent with estimates of production functions per-
formed by other researchers on a comparable
set of firms (e.g., Hall, 1993a). Considering the
standard error for our estimate of the gross
marginal product of IT Stock, we found strong
support for the hypothesis that IT has con-
tributed positively to total output {p<.001). This
is consistent with hypothesis H1a. To calculate
the net returns, it was necessary to subtract an
estimate of the annual cost of capital.

15 Note that because labor expense s an annual cost, a
zere net return would require a gross return of 1.0. That is
why the returns to labor appear much different than the
retutns to capital, which represent an accumulation of
spending over fime and have an inflation adjusted cost on
the order of five-10 percent.

16 This appearad 10 be substantially higher than a “reason-
able” estimate of the capital cost based on the
Jorgensonian cost of capital (Christensen and Jorgenson,
1969). The Jorgensonian cost is a function ot the risk-free
1ate, a fisk premium, depreciation charges, and capitai
gains or losses. Following Hall {(1993b) we used six per-
cent as the risk-free rate and assigned & risk premium of

Strikingly, even when we assumed that capital
costs were as high as 69 percent per year,16
we rejected the hypothesis that the net return
to IT Stock was zero (p<.05), contradicting
hypothesis H1b.

It is possible that the high rates of return were
a result of a misspecification of the productivity
equation. Rather than IT causing increased
oulput, unexpectedly large output could moti-
vate increased investment in IT. If this were
ihe case, our estimates would show positive
productivity benefits of IT even if the actual
contribution were zero. This type of bias was

three percent. The Bureau of Economic Analysis (1993)
assumes computers depreciate over a period of seven
years, while IS Labor stock depreciates over {hree years.
Weighting the two over the sample average compaosition
gives an average life of 4.6 years or a depreciation rate of
22 percent per year. Finally, holders of IT Stock face capi-
tal losses of approximately four percent per year because
the guality-adjusted costs of new computers (and there-
fore the value of old computers) declines at 19 percent
per year {(Gordon, 1987), and the costs of IS Labor
increase by four percent per year. Accounting for the
above factors yields a total cost of capital of 35 percent
per year. However, it should be noted that other factors,
such as taxes, the benefits of leaming, the options value
of investments, and unmeasured costs and benelits can
substantially affect the true costs of capital, although they
are difficult to quantify.
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lhe equation by Two
ithougs this resulied in
of the sample
ra needed for the
same fnrm ] adqars ye:-‘ re. While oirr 2508
than our
baee OLS ard IE‘ "% : 't hzh the
difference is accountad for by s3 g & differ-
ences (see Table 3} Afte: .au;cwur:ting for these
changes wa were unable to rejest the aull
hypothesiz that cur estimatas of the elasticity
of IT Stock were vnbiased vsing the Hausman
specification lest (Hausman, 1978;, alibpugh
the coefficiant on Mon Cemputer Capital did
change signiticently. Qverall, this set of est-
mates suguests that our basic resulls yegard-
ing the high marginal product of iIT were not
due to simulianeily issues.

These resiifs are consistent wi
ses by Brynjelfsson and Mit ; &
1966) and Lichienberg (1995, which alsc pro-
vide further methodolegical discussion and
robustness checks. In addition, this anzlysis
provides an exact baseline that was used a5 3
comparisen against the business profitahility
results presented below to highlight the Jiffer-
gnces cauvsed by modeling changes as
cpposed to date Jdifferences.

Business profitability analysis

Cur business profitabiiity mods! fo !lcws inths
tradition of the existing 'T mer? ¢ on pusi-
ress value [Ahituv and uilam 293 s‘uoa» any!
Kim, 198%; Harris and Katzf 1888,
Strassmann, 1920 Weill, 1552}, While thers is
not g single standzrd formi for the sstmating
relationship, we begen by estimating a2 simple
correlation, aazentially repiicating
Strassmann's (19907 widely ciied made! on our
data and then axdending his mode! o includ
additional contic! varianles. Following the
established convsntim in the iiterature of
using ratios of iT {0 various size maasures, we
7 The zctual cholee of denominzter for tre 17
does noi affect the resy'ts substantiativ. However, there is
a possible negaiive bias wher sales s used as tha
denominator: hresagsthes of the cortibiution of 1T, an
unexpectedly good erles jigure will ingrease prefits bt
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contrct variables +¢

ne three magswres of profl
1 for presize definitinng) cong
study have been employed in p t
(1) Heturr on Asse's {EOA) (Parua. ¢
1325; Cron and Sobol, 1283;
1990; Weill, 1852, which mezaur
iively a firm bas stilized s existing phys!
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measure atiracting increasing interes! i”. the
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1993 Strassmann, 19900, which theorstiza

hes the discounted value of fulure -,Jrofits
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Si our Jase case analysis the results of
trasemann (19807 were rephoated by comput-

g the cerrelation of IT and profitabiiity for
each year of our samgle (Table 4a). Cwvarall,
this simple analvsis was generally inconciu-
sive, althouoh, # anyihing. it suggests the pog
Hrb;.v'asy of a neqative relationship. 'n year-by-
year ragressions, only four of the 15 cosfii-
cizrts were statistically sigeificant. but the
inajority were mgatwe Berause muitiple
yoare were available, we also ca!cu!med the
airzlysis pooling &ff f’m vears ard including
conbrol variables for the year \Tahﬂe 4h), The
pooled anaiysis shows sigrt ‘ gatt
effects for twoe measures (RDA Tota! Pe urn;
However, the low 1% in all three regression
indicaies that these analysag exp air
tvaly sinall portion of the orofiiability m
variznca, Vurthermore, the relat ;e!j i ’h
the total returs regressior ! ey & ic,"z:“
of the year dumimy variables, which mcr tain 21
percent of the variance of this measure. The
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Table 4a. Sign and Significance Levels of IT Stock Coefficient
in Single-Year Profitability Regressions

Return on Return on Total
Assets Equity Return
{1 Year) {1 Year) {1 Year)
1988 -* - +
1989 -* - -
1990 =Y - -*
1991 - - -
1992 - + -
*-p<.05.
Table 4b. Business Profitability Analysis
Return on Return on Total
Assets Equity Return
(1 Year) (1 Year) (1 Year)
IT Stock per -.00130" -.000668 -.00256*
Employee (.000306) {.000700) (.00122)
Dummy Variables Industry & Industry & Industry &
Year Year Year
N 1109 1109 1109
R 3.3% 2.5% 21.8%
Profit Measure
Mean 7.6% 19.5% 12.1%
Stl. Deviation 7.4% 19.5% 27.6%

*-p<.05; Heteroskedasticity-consistent standard errors in parenthesis.

magnitudes of the coefficients on IT suggest
that even large changes in IT have small
effects on profitability. For instance, a 10 per-
cent change in the IT Stock to employees
measure implied only a 0.09 percent change in
ROA. One interpretation of these results is that
firms are using approximately the correct
amount of IT: by the envelope theorem, no first
order improvements can be made by raising or
lowering spending on an input that is at its
optimal level.

Because these estimates did not control for
barriers to entry or other factors that may
affect returns independent of the use of IT,
they present the possibility of a spurious corre-
lation. Two different approaches have been
employed for extending these models. Weill
(1992} and Barua, et al. (1995) extend this

basic mode! by incorporating firm specific vari-
ables that are unique to a particular theory or
group of firms under study. Because these
variables are not publicly available, we were
unable to replicate this approach. An alterna-
tive, found in the broader literature on busi-
ness profitability, was to identify generic vari-
ables that are likely to affect profitability and
incorporate these variables in the model.
Capon, et al. (1990) survey this literature and
summarize the key predictors of business
profitability.

We thus incorporated all the variables identi-
fied by Capon, et al. (1930) as having a signifi-
cant impact on firm profitability that were avail-
able for the firms in our data set. A number of
these related to characteristics of particular
industries, such as concentration and barriers
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to entry Gr
change rel ¥
industry-leve! varizhlas were incorporsisd by
including durnmy variables for each industny,
Other variables identified characteristics of
particular firms. From these, we included
growth, market shase, capila! investment, and
debt for almost all the firrms in our sample, as
well as research and development expendi-
tures (R&D) for about hall of the firms {further
description of these variables is included in
Tahle 1, and summary statistics appear in
Tahle 2). Several other patentially informalive
variables werg either completely unavailable
from public sources {e.g., relative piice, qual-
ty} or available for very few frms in our saingle
{e.g., acdvertising!,

. Assuming these factors
towdy, the effects of those

The resifts of this extonded analysis are pra-
sented in Table & (without R&D). As in the sar-
lier analysis with industry controls, none of the
IT coefficients ware significantly different than
zere, although we found significant effects of
many of the contre! variables. Sales growth
had a positive contributics, while debt (as
measured by Debt to Equity Batio) had 2 neg-
ative effect, bott of which are consistent with
prior research. The signs were mixad for mar-

atways significant. Compared with the prey
anzlysis, while the gverall fit was mproved, the

t-clatistics on the 17 cocfficient appearad to

sion the t-statistics dropped from 2 to .4). This
suggests that mary of the signdficanrt affects
found in the eartier models may have Seen
paitially caused by 2 failure (o adaquately con-
irol for firm differences. When B&DR was includ-
=¢ ii the regression (reducing the usable sam-
rl2 to 455}, we found that R&D had & corsis-
tently positive effect {significant in the PDA
and ROE regressions!, but that thers was no
changs in the signs or significance of other
coeifficients. We also found simil

Har results for 2
related spacHication in which a dummy var-
able was included for each firm {rather than
industry), which ¢
firmi characterist

istics,

Taken in totality, the vesults showed Fitlz avi-
dence of an impast of iT on supranorms! prof-
fiability, which is consisten! with our hypothesis
12 andd mauch of the prior literature. However, it
is interasting to ncte that the majority &f our
zralyses showed negative but insignificant
effects, suggesting the possibitity of 2r overall

e

Tabile 5. Profitability Regressions With Extended Firm-Specific Contrel Yariables

Raturn on Feturn on Total
Assets Eqquily Return
) (1 Year} ) (1 Yeas) (1 ¥ear; |
IT Stock per - 000402 600158 -000533
Employee (.00036C) (.O00RAS) (001193
Cepitat Intensity 204" 459" Tlzme
(0536} (.188) (G278 )
DebbEquity Ralic -.0235 T -.0194* -.0358" '
(oo23cy | (.000112) (0108
Market Share - 000257 00313 -.0318
(.0336) (.103) (158}
Sales Growth 18 | asor - 487"
(0180 (0674) (.0851)
Dummy Variablee indusiry & Industry & industry &
Year Yaar Year
N o 1045 1045 1 o4s
Re 45.2% ) 35.2% T T |

*.p-.05; Heteroskedasticity-consistent standard errors in parenthesis.
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negative effect of IT on profitability. It should
be stressed that these models (both here and
in the broader literature) are based on less rig-
orous theory than are the production function
models, and, therefore, the failure to find a
strong result may simply reflect inadeguate
modeling. Two alternative perspectives for
interpreting these results are presented in the
Discussion section below.

Consumer surplus

In order to estimate consumer sumplus for our
sample, we used the index number method
proposed by Caves, et al. (1982) and applied
by Bresnahan {1986). For a general utility
function (the translog), the increase in ¢on-
sumer surplus between two periods (, t+1)
was a function of the ratio of IT Stock to Value
Added (s}, the Price of IT Stock (p), and Value
Added (V) in the reference year, as follows:

Surplusy = %{SHI + 5:}* 10g[PL)f__J* v
i1

The intuition behind this equation was that it
represents the area under the demand curve
between two price points. To apply this equa-
tion, we further assumed that the quantity of IT
could be adjusted between years by purchas-
ing more or less depending on prices. The pri-
mary difficulty with this analysis was that it
required two important assumptions: {1) that

Information Technology Value

the increased purchases of |T are caused only
by a decrease in prices and not by an exoge-
nous shift in the entire demand schedule, and
(2) that benefits received by upstream produc-
ers from their 1T purchases are “competed
away” and ultimately received by end con-
sumers in the final product markets. The impli-
cations of these assumptions is discussed fur-
ther in the conclusion. But overall, miner
changes in these assumptions are unlikely to
alter the general conclusions of this section.

Since IT Stock was a composite measure of
two types of spending with different price
changes over our sample period, it is important
to understand the relative impact of each. The
price of computers was dropping dramatically
over this period — about 20 percent per year.
However, the price of IS labor (as well as the
quantity purchased) was flat or increasing in
real terms over this same period. The net
impact of these two changes was that despite
the rapid decrease in the cost of computers,
the overall cost of IT was declining at a much
slower rate, averaging only 4 percent per year.

Annual surplus for the firms in our sample was
computed as shown in Table 6. Overall, we
found that IT Stock created significant value
for consumers. Over our sample period, the
price change in IT created $14.5 billfion ($3.6
billion per year} in value above the cost of [T
investment for the firms in the sample. This is
consistent with hypothesis H3 and is propor-

Table 6, Consumer Surplus Analysis
(Constant 1990 dollars)

IT as a Share Surplus
of Value Price of IT* Using

Year IT Stock Value Added Added (1990=1) 1892 Output
1888 $48.3 Bn $677.0 Bn 7.14% 1.064 na
1989 $52.9 Bn $639.0 Bn 8.27% 1.031 $2.09 Bn
1990 $74.5 Bn $861.9 Bn B.64% 1.000 $2.18 Bn
1991 $88.6 Bn $844.2 Bn 10.5% .959 $3.37 Bn
1992 $98.1 Bn $848.5 Bn 10.6% .8e2 $6.85 Bn

* IT price is a current period dollar weighted average of the price of Computer Capital and the price of

1S Labor.
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fionzal to the consumer sirplus calculation for
the economy as 2 whole thal was pedomiea
oy Brypjolfsson (1825). 1 show!d be neled that
the above sumlus calcuwdation assumes that the
nat marginal benefit of the nput (IT) is zevo.
Our findings of axcess rehirn {0 1T in i‘-"»-; oo
ductivity analysis sugoest that consum
plus is substantially larger,

Discussion -~ Reconciling
the Resuiis

To summarize the empirica! resulis. we found
evidence that IT investment bac a significant
impact on firm cutput. Our production function
sstimates of the productivity of 1T Stock sug-
gested a gross margina! product of nearly 93
percent, implyiig positive nel retums for most
sstimates of the cost of capital. These resulis
are consistent with recent studies on iT and
productivity by Brynjolfsson and Hitt (1993,
1995; 1896} ar:d Lichienberg (1993). When
axamining profitability 25 the dependent vari-
able, we found no evidence thal IT use lad to
supranormal profits, but found some evidencs
of a small negative impact oa pro!itabié'fy This
is similar to previcus ressarch that typically
iound no relationship between T and business
profitability {(Ahiluvy and Giladi, 1993, Barua, o
al., 1995; Strazsmann, 1930). Finaily, using the
consumer surplis approach, we estimated the
total henefit to consumers o be substantial
The increase in suiplus (above costs) was
betwesr $2 bhiliicn and $7 bilion per year. This
is consistent with previous approaches o that
used industry- or economy-level daia
(Bresnahan, 1286; Brynjolisson, 1586).

It is important 10 recognize that these resulls
apply to ibe “sverage” firm, While IT appea.rs
to have been productive for the average fir

many firms undoubtedly made unpmdums&e
investments in 'T. Similarly, while there was
na disgernible contribution to supranarmal
profits for the average firm, the high standerd
errors of the estimates sugges! that some
firms were obtgining significant compatitive
advantage whils others ware pol. While the
data were cot su'ficiently detalled to refiably
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Thie most siriking aspect of the gmpirical
resuits is that |T Sinex apgea 5 to be correlat-
ed with zubstaniiz! increases in net oulnul and
consumer surphis, but unrelated fo sugranor-
ma! business prefitability. These findings were
based on data from the same finims, over the
saine Bme peried, using the same meagies o
i, so the conventionzl sxplaration of ‘noom-
parzble date sels does not apply. Baloy
possi b!e exaiana*a*% are offerad for this lind-
ing, one that takes the emplrical results 2t faoe
valie an«;! is based on ar slaboration of the
dreory, and ona that shregses the need for now
economatric models and dats,

W

Productivily without profit?

The theoretical discussion in the senom! 3action
asserts that profits, productivity, and consumer
value are not equivelant. Information technology
is commonty charasiarizad 28 reduc
coordination costs nvelved in locating so
ate. low-cost products and services, and swilch-
ing produstion {o new suppliers (Malone, 13871
Such ar ingrease in efficiency (and therefors
productivity) can be shown to intensiy ~mpn i
fion by lowsaring harr ars to entry and el
tha market ingthiclencies that e”abh”v\ !
maintain 2 degres of monopoly over thelr o :s-:
tomiers {Bakos, 10081). One effest of ¢
increaset! compeliticn s o reduce prices '-r_-
for firm culput A seoond effect is that fims *Wi’
work 10 squesze oul “al” by reducing their i
sumption of other inputs such s ovdie grjy SEpE
twi and labor (Caves and ¥repps, vS‘oi
Bocause productivity celoulations are parformer!
afler removing he 2 fec@' of pricg changes
reduction in input wilization and any dirent oon
tnbutlrm: of i7 o cutput will appear 85 produc-
tivity increases regardless of changes i aidma!
orices. However, the lower price pald
will directly reduce profitability, poss
thar any cost savings achieved thro
ralization.’® Thus, under this thes

.\.;

the

*21n our o!'aptn,c analvsis the aolia! distinclion 5 some-
ons ror |||du‘<‘w
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nario, the result can be higher productivity and
consumer value, but tower profits.

There is some evidence that this theoretical
story is consistent with business praclice. In an
in-depth study of the banking industry, Steiner
and Teixeira (1991) found that while IT
seemed to be creating enormous value, it was
simultaneously intensifying competition and
destroying profitable businesses by enabling
entry and radically lowering prices. This reduc-
tion in prices coincided with massive layoffs in
the financial services sector. Clemons and
Weber (1990} discovered a similar outcome in
their analysis of the “big bang,” which intro-
duced a computerized system for matching
buyers and sellers in London's stock market. it
is important to note that the fundamental 1tech-
nologies involved (e.g., ATMs and automated
stock trading) were ultimately available to all
competitors in an industry, so investing firms
were unable to appropriate the full value they
were creating.’® Jensen (1993) makes a relat-
ed argument about how technology-based pro-
ductivity improvements in the tire industry cre-
ated massive overcapacity, consolidation, and
exit from the industry for 2 number of firms.
However, in each of these cases, large bene-
fits were created for consumers. Thus, there is
some theoretical and anecdotal support for our
econometric finding that IT can create value (in
terms of productivity and consumer surplus
gains) without improving profits, although a

were exact, the dummy variables included in our peror-
mance regression would control for differences in the
rate of price change across industries and eliminate
empirically the negative effect on profitebility. However,
because in practice the effective competitors of the firms
in our sampte did not map perfectly on to the 2-digit SIC
code definltions we used and the indusiry dummy vari-
abtes did not account for differences in price changes
within industries over time, some of the residual price
changes were still reflected in our estimates,

19In principle, the dummy variables we included for each
industry in the basic profitability regressions should have
partially controlled for the effect of industry-wide 1T
spending on profits. As menticned in an eatier footnote,
imperfactions in the match between true competitors and
2-digit SIC codes and the fact that the dummy variables
ara invariant over time lead 1o less control for spurious
industry effects. As a result, to the extent that a firm's IT
budget is correlated with its competitors’ spendirg, the
coefficient on IT will in part reflect the indirect effects of
higher cveralt industry spending on IT.

inforrmation Technology Value

definitive finding is dependent on specific com-
petitive conditions that cannot be fully exam-
ined in this study.

Measurement and modeling
problems

The issues of measurement and modeling
shortcomings are probably the most frequently
cited problems with empirical research. By
considering over 1100 observations and trian-
gulating on IT value using three modeling
approaches, the measurement problem may
be mitigated somewhat. However, we still
believe modeling weaknesses cannot be ruled
out as explanations for the resulis of each of
our models.

First, a key assumption of the proeduction func-
tion approach is that inputs “cause” output.
Yet, it may also be true that output “causes”
increased investment in inputs, since capital
budgets are often based on expectations of
what output can be sold. If this is the case, we
may have overstated the contribution of IT,
although without a detailed model of the
reverse causality, we cannot estimate the
magnitude of this bias. While no direct evi-
dence of such simultaneity was found in our
Hausman tests, this may simply reflect the
inadequacy of our instrument list.

Second, while the gross retums to 1T appear to
be very high, the net returns would be much
more difficult to calculate, especially given that
significant maintenance “liabilities” may be cre-
ated whenever computer projects are under-
taken (Kemerer and Sosa, 1991). While we
rejected the hypothesis that the net return to IT
Stock is zero, additional unmeasured expens-
es (such as IS spending outside the central
department or costs of IT related organization-
a! change) could reduce the net returmn to close
to zero. This would be consistent with econom-
ic equilibrium as well as the lack of correlation
between {T and supranormal business profits.
This suggests that future research should seek
to identify “hidden” costs (which may be orga-
nizational) not currently considered part of the
costs of iIT. On the other hand, other factors
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such as options valus might lower the aco
nomic cost of IT capiial, and unmeasured ben-
efite from IT such a5 greater product quality
may not have bﬁe:* {ully reflected i our oot
mates of IT's grass marging! prosuct. In addi-
tion, the cost of !.1 may be parially driven by
our assumption of ine averags e of IS Labor,
although earlizr siudiss have found similar
results for only the Compuler Capital portion of
IT Stock. The bollom line is that the precise
net return cannct be determinegd with cortainty.

Third, the oorsumer surpius appreach
assumes that the demand curve is stable pver
time, so that increases in the quentity pur-
chased san e dirsctly attributed to declines in
price. In reality, # is hkely that diffusion of tha
compuier “inpovation” would have ‘ed to somo
increase in quar even il prices had not
declined. althcugh Cuwrbaxani a2nd Mendelsen
{1990) found thas by the 168Cs, the vast maior-
ity of the increase in the quantily of computers
purchased could be altributed to orice
declines, not diffusion. 'n ary event. as shown
by Brynjolfsson {12%8), our consumer swphis
gstimates are likaly underestimates i the
extent that they do not account for diffusion,
and, therefore, our finding of sionificant value
would only be strengthened if diffusion wers
explicithy modeled.

We are most soncemed by e fourth modeling
weakness: the possibiiity that the Insignificant
resialte in the profitabliity regressions may sim-
ply be due to the fact that these imodels are
comparatively blunt instruments. 1"ast models
on smaller data sets have usvally been unable
to explain more than absut 10-20 percent in
the variance of profitability measures, as meaa-
sured by B2, This also helds true Tor our base
analysis, although we were able to obtain
some improvemeamt by adding addiﬁ{m:{' cor-
trol variables.20 As noted by Ahituv and Giladi
(1993), IT is just one Hem in 2 multitude of fans-
tors that affect firm retums, and many of these
other factors are not controlled for in the
model. This means that the aiofilability regres-
sions will tend to bave !ow statistica! powser
20py gontrast, &0 M2 of 856 percent or more has besn
achicved for both praduction function analtysas and con-
sumer surplus analvsas {a.g., Srynjolfesen, 1826
Brmiotfeson and Hid, 1283; 1385, 1998).
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ftability, and the eflect ot IT on consume Uk
plus. Our empiricg! examinalion ronﬁs"'"m" that,
ke any multidimensiona! object, iT's value oan
lock different depending on the va nE'age pmf.'
chosen. While we found evidence that [T may
be increasing pmduc’ivily Ei“‘d CONSUMET &




no inherent contradiction in the idea that IT can
create value but destroy profits.

From a managerial perspective, it is important
to understand how investment in [T affects the
bottom line. Cur theorstica! discussion sug-
gests that it is possible for firms to realize pro-
ductivity benefits from effeclive management
of IT, without seeing these benefits translate
into higher profitability. This theoretical predic-
tion Is also borne out by our empirical analysis.
Taking the theory literally, our profitability
results suggest that, on average, firms are
making the IT investments necessary to main-
tain competitive parity but are not able to gain
competilive advantage.

This analysis suggests two potential insights
for managers. First, when cost is the centrat
strategic issue in an industry, our productivity
results suggest that IT investment may be one
way to pursue a cost leadership strategy, pro-
vided that the cost reductions cannot be emu-
lated by other firms. However, for industries
whare cost is not the central strategic issue or
where there are few barriers to adoption of IT,
firms are unlikely to create lasting competitive
advantage simply by spending more on IT.
This raises the second issue: managers seek-
ing higher profits should lock beyond produc-
tivity to focus on how IT can address other
strategic levers such as product pesition, quali-
ty, or customer service. While IT can potential-
ly lower the cost of providing these services,
attaining competitive advantage may involve
using IT to radically change the way products
or services are produced and delivered in a
way that cannot be duplicated by competitors.
This may be possible by leveraging existing
advantages with IT or using technology to tar-
gel other segments of the industry where com-
petition is less intense. The key to improving
business profitability may lie less in achieving
productivity gains, and more in pairing the ben-
efits of IT with an available market opportunity.
Again, our resuits on business profitability sug-
gest that, on average, IT spending alone is not
determinative of success.

From a research perspective, by clarifying the
issues and results in the existing literature on
IT value, we hope to provide a mechanism for

information Technology Value

extending this literature substantially in the
future. Because the value of IT was unknown,
most of the previous literature focused on esti-
mating the overall contribution of IT. Little is
known about the distribution of benefits across
individual firms, what characteristics of firms
and industries determine which types of IT
investment are productive, and which firms are
effective or ineflective users of IT. Future
research should go beyond estimating the
“average” effects of IT and focus on differenti-
ating successful and unsuccessful strategies.
By identifying “best practices,” either in terms
of specific characteristics or as overall strate-
gies of specific firms, managers can be provid-
ed with the information they need to fully
exploit the value of IT.
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