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Information technology (IT) has been
extensively adopted in banking industries,
ranging from the introduction of automated-
teller-machines, to phone-banking, tele-
banking, PC banking and most recently in-
ternet banking. The reasons for this mas-
sive adoption of I'T" are mainly twofold: for
individual banks, I'T" can reduce banks’ op-
erational costs (the cost advantage), and fa-
cilitate transactions among customers within
the same network (the network effect). Thus
it seems perfectly safe to argue that the in-
troduction of 1T service can enhance profits
in the banking industry and hence this ex-
plains the mass rapidity in adoption.

This point of view, however, is not com-
monly shared by empirical studies. For ex-
ample, Shu and Strassmann (2005) study 12
banks operating in USA, covering data from
1989 to 1997, and find out that although IT
has been one of the most marginal produc-
tive factors among all inputs, it cannot in-
crease banks’ profits. Similarly, in more gen-
eral studies covering all industries, Bermdt
et al. (1992), Bermdt and Morrison (1995),
Loveman (1988, 1994), Morrison and Berndt
(1990) found that I'T has no significant or
even negative contribution to corporate prof-
its.

This inconsistency in empirical results
motivates us to contemplate I'T’s influence
to the whole industry, rather than to the in-
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dividual banks. It would be appealing to
ask: When all banks in the industry have
the same access to this cost-saving technol-
ogy, will the cost advantage from adopting
IT vanishes due to competition (in partic-
ular, price competition in banking indus-
tries)? Will the presence of multiple net-
works bring determinative benefits to each
bank in the industry? The purpose of our
paper is to provide the answers by investigat-
ing the equilibrium in a differentiated prod-
uct model with network effects, and iden-
tify factors affecting each effect of I'I". Then
the testable results are examined empirically
with the data from the banking industry
in Talwan, covering 47 domestic commercial

banks from 1991 to 2004,
1. The Model

To cope with the observation that banks
provide highly differentiated products, we
adopt a simple location model (see Hotelling,
1929) with two competitive banks and infi-
nitely many heterogenous consumers. That
is, let A and B be two competitive banks
in a banking industry, charging P# and P?
for service. Without loss of generosity, as-
sume a continuum of potential consumers in-
dexed by x on the unit interval [0,1]. To
simplify, assume that bank A is located at 0,
while bank B is located at 1. Each consumer
chooses the service according to her valua-
tion on service, service charges and the pref-
erence difference between her and the bank
that provides the service.

Consider that bank A and B spend E4
and EF on IT, respectively. For individual
bank, the adoption of IT can reduce the op-
erational cost (from ¢ to null), and create



a network effect to customer service. The
network effect is captured by Rohlfs’ (1974)
setting where the valuation of service is pos-
itively related to the number of consumers
in the same service. To distinguish the net-
works associated with different IT expen-
ditures, rewrite the valuation of consuming
bank i’s service by V¥(E?), which is an in-
creasing function of E¥.

Let n* and n? denote the number of con-
sumers for bank A and B’s service, respec-
tively. A consumer x’s utility is defined by
(see also Shy, 1997)

U = n*VAE-(2)-p? for bank A;
nPVE(EP)-(1-z)-p® for bank B(1)

Now consider an indifferent consumer Z,
who is indifferent between consuming ser-
vice from bank A or B, ie., ndVA(E4) —
(z) - p* = nPVB(ER) — (1 — z) — pP. I
is easily seen that for consumers z < Z,
service of bank A will be chosen; while for
consumers z > I, service of bank B will
be chosen. Thus we have n* = 7 and
n? = 1 — Z. Replace n’ in the indifference
condition, we have ZVA(E4) — (Z) — p? =
(1 -2)VE(EE) - (1 —Z) — p?, or alterna-
tively

(1 - V5(E®) - (" —p")

2— (VA(EY) + VE(ER))

Given the demand n? and n®, each bank i,
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i = A, B, chooses price p' to maximize its
profit m!, where notice that the adoption of
1T has cut the operational cost from ¢ to null,
but instead created an extra expenditure of
adoption E*.

Again, to simplify the analysis,
the calculation is omitted here. The
equilibriumn  prices  after the adop-
tion of IT are pAz(gfsz(EB)va(EA))
] pB:(‘?’*VB(EB)S*?VA(EA))_ In par
ticular, the  price  difference  p#-

pB= (VA(EA)QVB(EB)) . Moreover, the

equilibrium  demand for bank A s
ArmA

ni= ﬁigfvéij;jﬁgig . Finally, the equi-

librium profits after the adoption of IT are

A__(3-2VB(EF-VA(EAY)y 3-VAEY)-2vE(ED)

= 3 6-B(VA(EN)1VE(EB))

3-VEB(EE)_2vA(E 3—2VvA(EN VB (EB
EAJ and TTB:(( ( ?3 ( )))673(VAEEA§+VBEEB%)_
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A comparison between these the equi-
librium before the adoption of IT ( which
is omitted in this abstract) and the adop-
tion after the adoption gives the following
results. First, the adoption of I'T can reduce
the equilibrium prices. In addition to the re-
duction of operational cost, there is also an
effect from network competition, i.e., more
expenditure can not only reduce own prices,
but also reduce the prices charged by the ri-
val bank. Furthermore, if V4 >V then
bank A is the larger bank before the adop-
tion of I'T. If large bank spends more on 1T,
i.e., B4 > E® then the decrease in equilib-
rium price will be higher with large bank.
Second, we compare the demand (i.e., 2—2)
for before and after the adoption of IT. It
is obvious that, higher E* can increase the
relative size of n?, and if 4 > EF, Z—;} will
actually increase after adoption. Finally, the
profit changes before and after the adoption
of I'T is ambiguous. As described, the prices
drop down after the adoption of I'T, but the
price cut i1s more serious with large bank.
Together with the result that if 4 > EP,
2—; will actually increase after adoption, the
overall effect on revenue terms are undeter-
mined, and this leaves space for our discus-
sion on empirical studies.

2. The Empirical Study

Following Shu and Strassmann (2005),
we study the contribution of I'T" in a Cobb-
Douglas production function, using panel
data of domestic banks in Taiwan. Due to
disadvantages of government or survey data,
the data in this study is originated from
Taiwan Fconomic Journal, where the vari-



able ‘equipment cost’ can match the defini-
tion given in Bureau of Fconomic Analysis
(BEA). We will cover 20 Taiwan domestic
banks dating from 1991 to 2004,

Our estimation model is based on the fol-
lowing Cobb-Douglas function, due to Shu
and Strassmann (2005),
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The output 7 1s defined as the net sales or
revenue in the income statement, and F,
N, IN, L, and OF represent IT expendi-
ture, non-interest expense, interest expense,
staff cost, and operating expense which are
explained In previous section. Therefore,
through parameters estimation, we generate
the impact from each input variable on the
revenue. Since, we expect that IT and IT
related variables will have positive effect on
revenue, hence, oy, oy, o, oop should be
positive. One the other hand, if the coeffi-
cient turns out to be negative, it means that
the specified input has a negative contribu-
tion on revenue.

As argued earlier, the asset scales of
each bank through the period varies dynam-
ically, due to the development process of
banks, such as new establishment, merger,
As a result, the traditional
Cobb-Douglas production function, a log-
linear model, did not fit our data set. If we
adopt the traditional Cobb-Douglas produc-

consolidation.

tion function only without considering the
size effect, our empirical analysis would not
capture the whole picture. In using the ran-
dom effect the size effect will be dealt with
to an error term because they are visible.

Therefore, we modify model (1) to model (2)

WTA; = oap+ aITAETAi == Q’NTANTA-i
torNraAl NT AL + appa LT A,
+oopraAOET AL + u; +v;

In model (2), all variables are divided by
TA , total asset. We expect that the higher
ratio of IT in relation to the banks’ assets,
the higher ratio of their revenue. This situ-
ation is referred as “economies of scale” test
and /or network effect.

There are four explicit results. First, the
size of demand for IT facility is booming.
Second, based on the Shu and Strassmann’s
model, IT variable is insignificant and in-
versely related to output Third, taking into
size effect for consideration, the ratio of IT
is significantly positive related to output and
even the most marginal productiveness, ver-
ifying the network effect. Fourth, once non-
interest expense occupied a higher ratio of
bank assets it will have negative impact on
revenue, confirdming the general intuition.

As part of our empirical analysis, we
found that the number of ATM increases
steadily especially in 1994 growth rate reach-
ing 27%. ATM sets can be viewed the IT in-
put, whiles the number of bank card issued
and circulations stand for the customers’ de-
mand on IT. The latter also is appropriate
for credit card . Since 1995, the number of
credit card circulations is booming dynam-
1cally, from 3.7 million to 45 million which
is double than Taiwan total population even
much higher than employment population.

In the traditional model, I'T variable is
insignificant and inversely related to out-
put. On the contrary, in the modified model
which considers the size effect, the ratio of
1T is statistically significant at 1% level and
positively related to output. This is an im-
portant finding. That is, if we were to focus
on IT spending as an expense only, the result
may not be exciting, but on the contrary, we
treat IT expenditure as an investment, the
result would be much more encouraging.

The empirical results based on the tradi-
tional and modified Cobb-Douglass produc-
tion function and estimated by the fixed-



effect and random-effect estimations. It is
found that in the traditional model, I'T vari-
able is Insignificant and inversely related to
output. Omn the contrary, in the modified
model which considers the size effect, the
ratio of IT is statistically significant at 1%
level and positively related to output. This
Is an important finding. That is, if we were
to focus on IT spending as an expense only,
the result may not be exciting, but on the
contrary, we treat I'T" expenditure as an in-
vestment, the result would be much more en-
couraging.

Non-interest expense (N) is another
variable showing different results in both
models.  For example, in the traditional
model non-interest expense is statistically
significant at 1% level, and positively relates
to output. But in the modified model, the
same coefficlent became significantly nega-
tive. The implication of this finding is that
once the non-interest expense occupied a
higher ratio of bank assets it will have nega-
tive impact on revenue.

The emerging picture from our empiri-
cal analysis indicates that as a result of the
structural economic deficiencies, which exist,
the Taiwan banking sector has not fully uti-
lized the IT investment potentials to max-
imize their profitability. There is an over-
reliance of interest income earning streams
as the principal source of revenue for the
banks. Consequently, there is a lack of com-
petition for other non-interest financial ser-
vices, which makes competition rather weak
in other non-interest services area. This find-
ing is in line with Standard & Poor’s research
findings.
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