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ABSTRACT

Over the last two decades extensive empirical studies have been conducted
on the contribution of information technology (IT) to productivity and
other measures of firm performance. However, few theoretical studies
have attempted to explain the contingencies under which IT investments
may or may not be valuable to a firm in a competitive market. This
research proposes a duopoly competition model to study the impacts of
IT investments on firm productivity. We show that in a duopoly market, in
order for firm productivity to benefit from IT investments, in addition to
the condition under monopoly that its fixed cost has to be sufficiently
large in relation to its market size, market sensitivities are also important
factors. Moreover, the price sensitivity has a positive impact on the effect
of IT investments on productivity and quality sensitivity has a negative
impact.

INTRODUCTION

Is there an IT productivity paradox? There are plenty of empirical
studies that provide both positive support [3, 8, 9] and negative support
[1, 4, 5, 7] for answering this question. There are also studies that
suggest the answer is contingent on firm characteristics and types of
investments [6, 13, 14]. Mixed empirical results are an invitation to
seek better theories. Soh and Markus suggest that a useful approach
would be to focus less on the question of whether IT creates value and
instead focus more on how, when, and why benefits occur or fail to do so
[11]. Thus, there is a need for more rigorous theoretical studies that
analyze the impact of IT investments on productivity and other perfor-
mance measures in the context of complex interactions between the
internal and external forces that all firms have to face in competitive
market environments.

There are two theoretical studies that are particularly salient for
our focus on better understanding the role of competitive market envi-
ronments. The first, by Barua, Kriebel and Mukhopadhyay, proposes a
duopoly model to study the impact of IT investments where in terms of
IT costs one firm is more IT-efficient than the other for a given level
service offered to customers [2]. Their analysis focuses on the special
sector of the economy in which the services are not priced initially
(e.g., financial services sector) and the benefits come indirectly (e.g., in
the form of interest earned on consumer deposits or floating on check-
ing accounts). The second study, by Thatcher & Oliver, addresses the IT
productivity paradox in a more direct fashion [12]. They suggest that
“one reason for these mixed empirical findings is that the studies have
not effectively differentiated among (and often confuse) the goals of
increasing production efficiency, improving product quality and increasing
productivity.” Thus, they proposed a closed-form analytical model to
demonstrate the interactions among production efficiency, product qual-
ity and productivity under a single-product monopolist market condi-
tion. They found that while various efficiency-enhancing IT invest-
ments have unambiguously positive effects on a range of performance
measures including revenue and profits, the impact on productivity was
contingent on firms' fixed costs and market sizes.

In this study, we extend the work of Thatcher and Oliver [12] by
introducing a duopoly market model and that of Burua et al. [2] by

including both price and quality components. Our goals are to analyze
the impact of IT investments on firm productivity and to draw com-
parisons between the outcomes under duopolistic and monopolistic mar-
ket conditions. The conclusions drawn from our analysis should have
wider and more general implications for both theoretical development
and managerial practices. It is our belief that a duopoly is more reflec-
tive of market conditions than a monopoly and that firms compete on
the basis of product price and quality in most of industries. We also
argue that the effect of IT investments on the firm performance is
influenced to a significant extent by the interactions between firms and
market characteristics. In a monopoly market, the benefits of IT in-
vestments depend solely upon the firm’'s own production efficiency.
However, in a duopoly market, such benefits also depend upon how the
competition reacts to the investment decision. The benefits would be
either greater or less than if the firm was in a monopoly market. In
addition, we demonstrate that under a duopolistic market the contin-
gency for IT investments to have a positive impact on productivity are
different under monopolistic competition.

We introduce two types of market conditions in the proposed
duopolistic model. In a market in which price is a critical factor in
customers’ purchasing decisions, the demand for one firm's products or
services should be influenced by the competitor’s pricing challenge.
The goods and services in this type of markets are often regarded as
commodities. On the other hand, in a market in which quality is a
critical factor in customers’ purchasing decisions, the demand for one
firm’'s products or services should be influenced by the competitor’'s
quality challenge. This is mostly likely the case in service industries
where service providers use quality as a differentiation factor or in an
industry where a firm enjoys a distinct name brand recognition. We
demonstrate that the extent to which a profit-maximizing firm benefits
from various efficiency-enhancing IT investments is a function of,
among other things, market sensitivities to the prices and quality of the
products and services it and its competitor offer. We show that the
impact of IT investments moves in the same direction as market sensi-
tivity to price but moves in the opposite direction of the market sensi-
tivity to quality. Therefore, firms are much better off by making effi-
ciency-enhancing IT investments if they operate in price sensitive
markets than if they operate in quality sensitive markets.

The remainder of this article is organized as follows. The next
section provides literature review and describes the research background.
This is followed by an exposition of the research model. Next, we
identify the impacts of various efficiency-enhancing IT investments on
productivity. In the final section, we discuss the implications of this
research for management and conclude with suggestions for future re-
search.

THEMODEL

In a duopoly the demand (D,) function for Firm i’s product can be
written as

D =a—-b(R - AP;)+c(Q; —6Q;), (1)
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where a, b, ¢ > 0 are parameters. (P,P}) and (Q;,Q;) are the

combinations of the prices and quality levels of the products of Firms i
and j, respectively. A and 6, 0 < 6, A <1, are the cross elasticity of
substitution of price and quality, respectively.

A In terms of cost, the firms have several cost components
such as the fixed and overhead cost, the product design and development
cost, and the variable cost of actual manufacturing and distributing the
products. Following Thatcher & Oliver’'s formulation [12], the cost
function for Firm i at a given output level D, and a specified quality level
Q. can be defined as

Ci=F +fQ? +eQD;, )
where f, e > 0 are parameters that characterize the firm’s production
capabilities and F, > O represents the amortized fixed costs associated with
running the business. Similar formula can be found in IT investments
related literatures such as Barua et a. [2].

Next, we introduce productivity into our model. Before proceed-
ing to formalize the functions for these terms, we rewrite equation (1) as
follows:

Dj =a+bAP; —c6Q; —bR +cQ;, (3)
or
D; ZA—bpl +CQi , (4

where A=a+bAP; —c6Q; >0 can be defined as the market size for
Firm i. The revenue of Firm i, R, can be defined as
R =RD; =R (A-DbR +cQ;), (5)
profit,

7 =R ~Ci =(R ~€Q))(A~bR +cQ))~F - fQ? (9

and productivity, r,,

hoR
(O

which provides a best-case scenario for observing productivity gains from
IT investments, under the assumptions of instantaneous impacts of IT
investments and costless technology [12]. It could be argued that A as
defined in equation (7) does not meet the conventional definition of
productivity since the productivity of a firm is endogenous to its internal
processes and should be independent of the external market conditions
that often determined revenue. However, if we consider the market
equilibrium and assume that firms operate in a market will behave rationaly,
that is, they will not intentionally produce more than market demand,
then A in its current form can be considered as a proxy of the real
productivity of firms in our duopoly model.

Based on the theoretical framework established above, we can now
obtain the equilibrium values for price, quality, demand, cost, revenue,
profit and productivity. Given that firms choose the appropriate levels
of price and quality to maximize the profit, we take the partial deriva-
tives of equation (6) with respect to P, and Q,, respectively and set them
to zero, the first order condition for equilibrium. Solving the two simul-
taneous equations for P, and Q,, we obtain the equilibrium levels of price
and quality

P Ae(c—be)+2f]
S e—

(7

i (8)
_ A(c—be)

Q A

(9)
where A = 4bf — (c— be)2 > Qis the determinant of the Hessian matrix

for the second order condition. To ensure that the firm charges a positive
price and chose a positive quality level of product, the assumption that

c > be has to be made [12].

If Firm i chooses P, and Q,, under the Nash equilibrium of the
Bertrand duopoly model [7], Firm j would react to the market in the
same way as Firm i in terms of its choice of P and Qj. Thus:

Ble(c—be) + 2f]
- A
B(c—be)
A

where D is the same as above and B =a+bAR —cOQ; > O can be

defined as the market size for Firm j. Notice that this market size is a
function of P, and Q, the price and quality choices of Firm i. Assuming
both firms exhibit rational behavior, the Nash Equilibrium condition imply
that the response strategy of Firm j will be symmetric to the strategy of
Firm i under the one product and two firm duopoly model. Thus, in the
remainder of the paper we will focus only on the analysis of Firm i. The
results are equally applicable to Firm j.

Solving equations (8), (9), (10) and (11) for P, Q, P and Qj, we get
the equilibriums for P, and Q:

« a(e(c—be)+2f)

R = 7 (12)

« a(c—be)

Qi -

where

P = (10)

Q=

(11)

(13)

Z = 2bf (2— 1) — (c— be)(1— 6)c— (1- A)be)

and the conditions Z > Qand c-be> 0 have to be imposed to guarantee
positive price and quality levels. Substituting them back to (7), we obtain:

« _ 2a®bf (e(c—be) +2f)
' Z%F+a%f(c?-b%e?)

(14)

ANALYSESANDIMPLICATIONS

Given that productivity is defined as in Equation (14), it is straight-
forward to see the impact of IT investment aiming at reducing fixed and
overhead cost, F,

op; —2a’bfz?[2f +e(c—be)]
— = <0
oF [Fz%+a’f(c®-b%?)?
which indicates an unconditional productivity gain from such an
investment, the same as it is monopoly, Thatcher and Oliver [12].
To demonstrate the interactions among market characteristics,

changes of F, and the productivity, numeric simulations based on equa-
tion (15) are conducted and the results are shown in Table 1.

(15)

Table 1. Changes in Productivity from IT investments reducing F
(Initial values: a = 100, b = 5, ¢ = 10, e=1, and f =10; F changes from
1200 to 1000)

0/ 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

0.1 0.13 0.14 0.17 0.19 0.22 0.26 0.30 0.35 0.41
0.2 0.12 0.14 0.16 0.18 0.21 0.24 0.28 0.33 0.38
0.3 0.11 0.13 0.15 0.17 0.20 0.23 0.27 0.31 0.36
04 0.11 0.12 0.14 0.16 0.19 0.22 0.25 0.29 0.34
0.5 0.10 0.12 0.13 0.15 0.18 0.20 0.24 0.28 0.32
0.6 0.10 0.11 0.13 0.14 0.17 0.19 0.22 0.26 0.30
0.7 0.10 0.11 0.12 0.14 0.16 0.18 0.21 0.24 0.28
0.8 0.09 0.10 0.11 0.13 0.15 0.17 0.20 0.23 0.27
0.9 0.09 0.10 0.11 0.12 0.14 0.16 0.19 0.22 0.25
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Proposition 1a: In a duopoly market, as in a monopoly market,
regardless market sensitivity to price and quality changes, IT invest-
ments aimed at reducing fixed overhead cost have a positive impact
on firm productivity, other factors being equal.

Proposition 1b: In a duopoly market, for IT investments aimed at
reducing fixed overhead cost, the impact on productivity is positively
affected by price sensitivity and is negatively affected by quality sensi-
tivity.

The case for the interaction among market characteristics, changes
in the cost of research and development, and productivity, however, is
more complex. The effect of f alone can be defined in the following
partial derivative:

90l __p 1, 6C=DEIZF (20 (2= 2) +(c~ be)((L-0)c— (1- 2)be)-+ 2 [ZF (2(c-be)(L-0)c— (- A)be)) o (¢* ~b7e?)]
- [ZPF+ & 1(C -

(16)
However, the sign of (16) is ambiguously. The condition for a
negative sign is
Fe a’f(c+be)
[2bfe(2— 1) + (e(c—be) +4f)((1-0)c—(1-A)be)]Z °
if (1-6)c—(1—A)be)>o. (18)
The interaction among market characteristics, reduction of

production and operation cost, and productivity has similar characteris-
tics, as shown in the following equations:

1n

;. e a?fc(c—be? +4b%ef ]+ ZF[(c— 2b8) (2bfA — (c—be) (1— 1)be) —[4bf +(c—bec](1-0)c
oe [2%F +a’f(¢® —b%e?)? '
(19)
The conditions for a negative sign is
e aZf(c—be)? + ab%ef 20
[(c— 2be)(—2bfA + (c—be)(1— A)be) + [4bf + (c—be)c](1-6)c]Z’ (20)
and

(c—2be)(2bfA — (c—be)(1— A)be) —[4bf + (c—be)c](1-0)c< 0. (21)

Conditions (17) and (20) specify that in order for the productivity
of a firm to benefit from IT investments aimed at reducing the firm's
fixed overhead cost (f) or research and development cost (€), the firm
must have a sufficiently large fixed asset (F) in comparison to the
market size of the firm. If this is not true, then the productivity will be
adversely affected by such investments. However, these statements de-
pend on the market sensitivities, conditions (18) and (21). Numeric
simulations based on equations (16) and (18) are presented in Tables 2
and 3.

These results partially confirm what Thatcher and Oliver [12]
discovered when studying the impact of IT investments in a monopolis-
tic model, that is, IT investments aimed at reducing the costs of re-
search and development as well as variable production and operational
costs should have a positive effect on a firm's productivity subject to
the condition that the firm’s overhead costs is sufficiently large in
comparison to its market size, or such effect may become negative. But
in a duopolistic model, market sensitivities also play a key role in deter-

Table 2. Changes in Productivity from IT investments reducing f, F=1200
(Initial values are a=100, b=5, c=10, and e=1; f changes from 10 to 8)

0/ 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

0.1 0.07 0.09 0.11 0.14 0.19 0.25 0.34 0.46 0.61
0.2 0.05 0.07 0.09 0.11 0.15 0.20 0.27 0.36 0.48
0.3 0.04 0.05 0.07 0.09 0.12 0.15 0.21 0.28 0.37
04 0.03 0.04 0.05 0.07 0.09 0.12 0.16 0.21 0.28
0.5 0.02 0.03 0.04 0.05 0.07 0.09 0.12 0.16 0.21
0.6 0.02 0.02 0.03 0.04 0.05 0.06 0.08 0.11 0.15
0.7 0.01 0.01 0.02 0.02 0.03 0.04 0.06 0.08 0.10
0.8 0.00 0.01 0.01 0.01 0.02 0.02 0.03 0.05 0.06
0.9 0.00 0.00 0.00 0.00 0.01 0.01 0.02 0.02 0.03
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Table 3. Changes in Productivity from IT investments reducing f, F = 100
(Initial values are a=100, b=5, c=10 and e=1; f changes from 10 to 8)

0/ 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

0.1 -0.14 -0.18 -0.23 -0.29 -0.37 -0.46 -0.57 -0.70 -0.85
0.2 -0.16 -0.19 -0.24 -0.30 -0.37 -0.45 -0.56 -0.68 -0.81
0.3 -0.17 -0.20 -0.25 -0.30 -0.37 -0.45 -0.54 -0.66 -0.78
04 -0.18 -0.21 -0.25 -0.31 -0.37 -0.44 -0.53 -0.64 -0.76
0.5 -0.19 -0.22 -0.26 -0.31 -0.37 -0.44 -0.53 -0.63 -0.74
0.6 -0.20 -0.23 -0.27 -0.32 -0.37 -0.44 -0.52 -0.61 -0.72
0.7 -0.21 -0.24 -0.28 -0.32 -0.38 -0.44 -0.52 -0.61 -0.71
0.8 -0.22 -0.25 -0.29 -0.33 -0.38 -0.44 -0.52 -0.60 -0.70
0.9 -0.23 -0.26 -0.29 -0.34 -0.39 -0.45 -0.51 -0.59 -0.69

mining whether a firm's productivity would benefit from the IT invest-
ment. What we have shown here is that in a duopoly market, the effect,
when positive (large F), is strengthened in a price sensitive market
environment, and it is weakened in a quality sensitive market environ-
ment. The effect, when negative (small F), is weakened further in both
price sensitive and quality sensitive market environments. This leads to
our final set of propositions:

Proposition 2a: Unlike in a monopoly market, in a duopoly market,
not only fixed and overhead costs but also market sensitivities affect
the impact on productivity by IT investments that reduce the product
design and development cost and production and operation variable
cost.

Proposition 2b: In a duopoly market, if fixed and overhead costs are
sufficiently large, for IT investments aimed at reducing the product
design and development cost and production and operation variable
cost, the impact on productivity is positively affected by price sensitiv-
ity and is negatively affected by quality sensitivity.

CONCLUSIONS

In this paper we employ a duopoly model to study the effect of the
market competitive forces on contributions of IT investments to firms'
productivity and performance. We draw comparison between our results
and those under the monopolistic assumption made by Thatcher and
Oliver [12]. We discover that under duopolistic competition the ben-
efits from various efficiency-enhancing IT investments are not as un-
ambiguously deterministic as under monopolistic competition. Further,
we submit that the impact of IT investments on a firm’'s performance
depends on the market sensitivities to changes in its competitor’s price
and quality levels. We demonstrate that in a market environment where
products and services are commaodities the contribution of IT invest-
ments is usually enhanced. On the other hand, in a market environment
where perceived quality of products and services is the decisive factors
for consumers in their decisions, the contribution of IT investments is
usually diminished.

Like many analytical models, ours has inevitably its share of limi-
tations. First, from the operational and managerial point of view, it is
hard to quantify the economic and business meaning of some of the
complicated mathematical relationships. This makes the empirical veri-
fication of the model somewhat difficult. Second, the model specifica-
tions could be more generalized to include oligopoly and multiple prod-
ucts. When there are more than two players with many products in the
market interacting with each other, the model can become overly com-
plex. Game theory may shed some light on this area of future research.
And finaly, in order for some of the results to make sense, we imposed
several assumptions including the firm's ability to adjust quality and
price simultaneously. In reality the firm may not be able to change
quality in the short-run. Studies on multiple period IT investments may
be warranted.
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