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QUANTIFYING THE BUSINESS VALUE OF INFORMATION TECHNOLOGY:

AN ILLUSTRATION OF THE BUSINESS VALUE LINKAGE FRAMEWORK

ABSTRACT

Senior management’s ability to gauge the business value of investments in information technology (IT) has
been seriously hampered by a lack of analytic tools to conduct sound performance assessment. In this
paper, we present a conceptual framework called a "business value linkage" that is used to represent the
processes by which the direct outputs of an IT are transformed within the firm and its operating
environment into enhanced revenues, reduced costs and new strategic opportunities to increase market
share. Ultilizing appropriate modeling and econometric methods, we illustrate our approach by analyzing
several hard-to-measure aspects of the business value of automated teller machines (ATMs) in retail
electronic banking. The results show that the hardest to measure impacts in some cases can have the
greatest business value.




1. INTRODUCTION
1.1. Research Problem

Senior management’s ability to gauge the return on investments in information technology (IT) has been
seriously hampered by a lack of analytic tools to conduct sound performance assessment. Net present
value (NPV) and discounted cash flow (DCF) analysis are often used to estimate the return on IT
investments, however, they fail in effectively capturing the less tangible impacts of IT that can turn an
seemingly unprofitable investment into a highly beneficial one. Instead, managers are forced to make their
"best guesses” about the size of the cash flows associated with the benefits that an IT investment creates for
the firm. This hampers the analytic process and often renders the resulting estimates unusable by
management. Paralleling the importance of improved analytic tools for IT value measurement is the need
for a practical means to identify the range of possible impacts that IT can create. Managers require a
comprehensive framework that helps to ensure that they are including the "right” elements in their
evaluations. This is extremely important in conducting ex post evaluation, where the focus is on comparing
expectations and targets to actual achieved performance.

These problems were underscored by a recent editorial published in Computerworld that commented on an
Index Group survey:

Can you imagine growing your information systems budget by nearly twice the projected rate of
inflation without having the ability to adequately measure the business value of projects being
funded? ... To approve such spending increases, the perspective of CEOs on the IS function is
presumably growing in the right direction, in which systems strategies are increasingly tied 1o
the overall performance of the company and its bottom line ... However, it is unsettling that
only one in ten executives polled claim to be able to adequately assess the business value of
technology investments (COMPS8S, p.20).

In this paper, we present a framework that represents a step toward achieving this goal. We propose a
generalized "business value linkage" for IT (PARK88, KAUF88) in order to capture the processes by which
the direct outputs are transformed within the firm and its operating environment into enhanced revenues,
reduced costs and increased market share. We define "business value" as the economic contribution that
IT can make to management’s goal of profit maximization in the firm. IT can create business value in many
ways; however, the difficulties lie in measuring and validating those impacits, as the Index study results
made clear. In order to illustrate our approach, we report on an empirical study of the business value of
automated teller machines (ATMs) that captures and quantifies impacts that may be missed in more
traditional approaches to performance evaluation. We also suggest ways to answer a variety of valuation
questions likely to be raised by managers using a new evaluative framework and supporting econometric
tests.




1.2. General Approaches to Measuring IT Value

A number of prior research efforts guided us in developing a framework to identify the range of impacts
that IT can have. Porter’s framework for strategic analysis of industries and firms provided a useful starting
point (PORT80). It relates aspects such as barriers to entry, power in the buyer-supplier relationship, and
switching costs to the strategic position of a firm. Porter later extended the framework to identify where
value-added is generated in a firm, as a product is created and delivered. McFarlan (MCFA84) later
recognized the relevance of IT’s leverage on specific portions of a firm’s value chain. IT investments have
the potential to transform the basis of competition in a product area, change the balance of power in the
relationships a firm has with its suppliers, and foster innovation which results in new products. McFarlan
also argued that "the end products of information systems planning should clearly communicate the true
competitive impact of the expenditures involved." Thus, reliance on "measurable” return on investment
(ROI) would only restrict the perspective that a visionary senior manager might bring to his firm. And, this
reduces the likelihood that "softer” long run impacts of IT investments would get built into a firm’s project
evaluation procedures. Spending to achieve competitive parity is even more difficult to cost justify since it
is so difficult to measure what "remaining competitive" means in concrete terms. Kaplan (KAPLS6)
expanded on this argument, by launching a broad attack on the basics of financial analysis and managerial
accounting methods as they are applied to high-tech businesses. He argued that DCF analysis can lead to
underinvestment in computer-integrated manufacturing, especially where non-tangible benefits including
increased flexibility, faster response to market shifts, and greatly increased throughput and reduced lead
times are involved.

Clemons’ (CLEM90A, CLEM91) recent work on evaluating strategic investments in IT is suggestive of how
much conceptual progress has been made in this area of Information Systems (IS) research in the last
several years. He presented a series of case studies and seven lessons on IT valuation that bring the non-
quantifiable aspects of IT investments, as well as the mechanisms that are appropriate to justify them, into
clearer focus. One example was Merrill Lynch’s decision to allow Bloomberg Financial -- a company in
which Merrill held a stake as a minority shareholder -- to sell its bond and fixed income analytics to
investment banking and brokerage industry competitors. Instead, the problem was whether and how much
selling this service to the competition would change the basis of competition and the operation of the
market. The lesson that Clemons drew from this example was that it was inappropriate (if not impossible)
to "work with the numbers," because the decision scenario was so complex. This led him to argue in favor
of ranking "ranking alternatives” and choosing among them, even in the face of negative NPV outcomes.

In our present research, we suggest a method that will enable management to follow up on the second of
Clemons’ seven lessons for strategic IT evaluation: "to work with the numbers." Our general approach
builds on a growing body of research that was recently reviewed by Kauffman and Weill (KAUF89). They
concluded that substantial progress has been achieved through research that applies survey and
organizational research methods (WEIL90A, WEIL90B), qualitative and empirical case or field study
methods (CLEM89, CLEM90B), and quantitative analysis using concepts from economics and management




science (ALPA90, BANK90, BANK91, BARU89, KAUF90). But still the central question remains: do
investments in computers pay off (ICIT88, LOMAS87, STRA85, WEIL9S0C)?

2. A FRAMEWORK FOR MEASURING DIMENSIONS OF IT VALUE
2.1. A Business Value Linkage for IT

A common shortcoming of most analytic methods for IT evaluation is that they lack mechanisms for
quantifying the fotal value (tangible and intangible) of IT investments. As a resul, it is very hard to
determine the components of the business value or ROI of an IT investment. Our approach enables fuller
(though perhaps still not an exhaustive) identification of the potential business value impacts of IT. We
formalize the links between investment and value in a business value linkage, which can be defined by
managers. As a conceptual framework for understanding IT impacts, a business value linkage has several

important features:

* an indication of the inputs (e.g., labor, materials, capital, energy and IT) employed in the local
production environment;

* a sketch of the intermediate production processes -- inside or outside the firm -- that are influenced
by IT;

* the set of business value outputs modified by or attributable to the IT investment.

A major advantage of our approach, as we will shortly demonstrate, is that it can be employed to link an
IT investment to strategic or operational benefits for the firm.

We characterize IT investments in terms of three broad categories of impacts that provide a systematic
framework for identifying the potential benefits:!

% strategic and operational costs for existing operations;

* direct and potential revenue gains from existing and new products, respectively;

'Our classification also builds on the recent work of two authors: Berger (BERG88) and Weill (WEIL90C).
Berger advocated classifying IT impacts into three groups according to their internal/operational,
strategic/competitive, and product/service impacts. Weill classifies IT investment according to their purpose,
rather than their impacts, however the categories are similar. They include includingstrategic, operational and
infrastructural impacts.




¥ market segment and market share improvements, due to changes in a firm’s competitiveness or to
the effects that IT has in changing the basis of the market competition.

This classification is useful because it identifies the major components of 1T value that flow through 1o the
bottom line. It also offers the opportunity to examine "intermediate production” at points along a firm’s
value chain where IT has the greatest effects. This can help management to address such important
concerns as business risk reduction, organizational learning, increased response flexibility, and the
"vanishing status quo" discussed by Clemons (CLEM91), as intermediate levers on the major classes of
business value impacts. Figure 1 presents a general representation of these business value impacts and a
simplified "value path."

INSERT FIGURE 1 ABOUT HERE

As firms get more experienced, they tend to invest in IT projects that are progressively more difficult to
justify in terms of direct tangible benefits. Thus, initial corporate investments in IT are justified in terms of
their potential to reduce operating costs. Payroll and accounting system investments, for example, are often
the first automation efforts a firm undertakes and they lead to obvious cost reductions.

The primary resources that management targets for operating cost reductions include labor, materials,
capital, energy and IT. However, among this set of inputs IT is special: it gives management leverage to
reduce other costs through substitution. For example, financial services IT investments promote savings in
labor and capital (ALPA90, GOTT&89, KAUF88), while manufacturing IT investments help to cut waste in
materials and energy, while improving inventory management, quality and overall firm performance
(KEKR90, WEIL90C). The airlines’ deployment of computerized reservation systems (CRS) enabled the
industry as a whole 10 save on reservation and sales labor, as travel agents answered their own inquiries
on-line and booked tickets directly with a computer (COPESR). Airline reservation system automation
substitutes for the manpower needed to keep track of the many details related to ticket booking, load
factors, and flight schedules. There is also an efficiency gain in the use of existing resources, as employees
take less time per reservation transaction. But, when IT affects the consumption of operating resources in
a more complex fashion, it becomes more difficult to measure the impacts. We explored this kind of
problem in a recent paper on the use of IT in fast food restaurants (BANK90), and found that IT can
significantly influence the productivity of existing resource use.

Business value from IT investments also is derived from increasing revenues from existing products and by
creating new products that lead to revenue flows. This occurs when firms realize that a special
combination of organizational ingredients is present to enable "piggy-backing" off some existing or new IT




investment. Airline CRS offers a good illustration here also, Initially direct revenues did not cover costs.
It took increases in airline market shares to finally make a solid business case for the IT investments in
CRS. Today though, American and United are able to levy membership fees for Sabre and Apollo
because access is now a competitive necessity for travel agents.

The final category of value is most difficult to predict and quantify. IT is normally an indirect factor
affecting a firm’s competitive position, and this often involves changes in market share. Managers are
challenged to identify the extent to which the presence or absence of IT in a firm’s service configuration
affects the competitive balance, because it is so hard to control for other factors in a firm’s marketing mix.
Citibank’s prowess in capturing retail deposit market share through ATM deployment is a good example
here. Glaser reported that after the initial phases of the bank’s ATM and retail banking marketing strategy
were in place, the bank achieved a major gain in deposit market share: from 4% of New York City retail
deposits in 1977 to 13.4% in 1988 (GLAS88). This provides evidence that the value of ATMs lies in the
services that they provide to customers, and that customers are willing to pay for it (STEG88).

3. A CONCEPTUAL MODEL FOR ATM VALUATION IN RETAIL BANKING?

Current methods evaluate the benefits from ATMs deployed in retail banking rely heavily on
rules-of-thumb to assess performance. These rules have typically been based on transactions or usage
volume. For example, up until recently network managers used the "33% wall," a well-known industry
target that involved more than one-third of a bank’s ATM card holders performing several transactions at
an ATM each month (BMAS86, LIBB86A). For individual ATMs, an aggregate period usage criterion is
often used to distinguish between acceptable and unacceptable performance (LIBB86B). For supermarkets
and other locations where a bank may be required to initially pay the host for ATM installation, the
creation of an "acceptable level" of interchange fees may be most important (MESH86, LIBB86C).
(Interchange fees are paid by banks to one another when their customers use another bank’s ATMs.)

3.1. Valuation Problems in Electronic Banking

In contrast to operating environments which are characterized by tangible, direct outputs, special care must
be taken to capture elements of the production process which relate the investment in IT to the key
dimensions of performance in retail banking. Since a bank branch’s performance is influenced by a
number of factors, it is important to recognize that management faces an evaluation problem for ATM
technology in which nearly all of the business justification has to be based on indirect impacts.

Despite this problem, senior managers in banking tend to ask the same questions over and over about their

*For an overview of the basics of electronic banking, including ATMs, debit and credit cards, and wholesale
funds transfer in the U.S,, the interested reader should refer to LIPISS.




electronic banking operations:

¥ What impacts do branch ATMs create that justify the current high levels of investment (COATS84,
HAYNR87)?

* Are there impacts on the branch workflow so that teller labor costs are reduced or tellers are
replaced (HAYN86B)?

* Do ATMs provide a higher overall level of service to retail banking customers that distinguishes a
bank from its competitors and enable it to achieve a higher level of profitability and market share
(GLAS88, HAYNS86A, WALK77A, WALK77B)?

* How can any these and other impacts be quantified (BOND&89)?
3.2. A Conceptual Model for ATM Business Value Measurement

Our approach involves the identification of input resources and the process by which they are transformed
into service and other outputs, representing economic benefits derived by the bank. We have identified
several kinds of potential impacts that ATMs can have. However, none is adequately measured by reliance
on transaction or usage volumes alone. Although transactions and ATM usage rates are tangible at the
local ATM level, it is necessary to examine the linkages between individual ATMs and their impacts on
other segments of a bank’s value chain to determine where value is created. Figure 2 below presents a
business value linkage for ATMs.

INSERT FIGURE 2 ABOUT HERE

A key aspect of our conceptual model for ATM valuation is that the primary economic impacts only
become evident when intra-firm production and inter-firm competition are included. Intermediate
production processes link the direct (local) outputs of ATMs to their economic or business value impacts.
Our conceptual model recognizes that ATMs may help banks to achieve several important goals. First,
they may promote the retention of a retail deposit base by providing customers with convenient access to
their account balances. Second, when they are well-located, ATMs enable banks to earn revenues by
serving their competitors’ clients. Third, ATMs provide banks with value in terms of the extra product
delivery service capabilities that accrue without the corresponding increase in staff expenses. In addition, in
certain situations ATMs may displace teller labor directly.
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Thus, the process which creates business value involves four separate elements: inputs which are specific to
individual ATMs, direct outputs which are tangible at an ATM, intermediate production processes which
ATMs influence and, finally, the indirect, economic outputs. We now consider each of these elements in
greater detail.

Site Specific Inputs and Direct Outputs. At the local ATM level, a bank incurs a set of fixed and variable
costs to locate ATMs in its networks. The fixed costs are threefold: initial capital costs to set up a new site,
and period costs to provide security and a connection to the network. The latter two fixed cost
components are actually determined by network level cost considerations, since network design and
management policy make it likely that each ATM will have similar security and telecommunication
expenses. Consumption of these site-specific inputs enables the production of direct, local outputs
including a reliable level of machine availability and a number of transactions processed for the bank’s and
its competitors’ customers. The direct outputs acquire business value, however, only through the
intermediate production processes that link them to economic outputs.

Intermediate Production Processes and Business Value Outputs. ATM business value also is derived from the
contribution that an ATM can make 1o a local branch production process. ATMs enable a branch to
increase its service capabilities without increasing teller labor costs. They allow 24-hour retail banking by
substituting for labor, something that may not be economically justifiable if labor were required. Since

bank branches within a network are likely to exhibit varying levels of labor expenses and transaction
processing demand, it is appropriate to attribute differential value to ATMs based on the branch
production processes to which they contribute. Thus, identifying business value here requires models which
identify the influence of ATMs on teller productivity and teller transactions.

The second aspect of ATM business value which we consider is based on their use by a bank’s competitors’
customers. Their use results in the production of interchange revenues, which in some cases are quite
substantial. Compared to the previous two business value outputs, interchange revenues are relatively
direct outputs. They deserve special recognition, however, since the extent to which a given ATM is able
to produce interchange revenue is dependent on the location of the ATM.

An ATM can be thought of as a design characteristic of a branch’s local service delivery capability. Its
impact on the bank’s overall ability to improve its deposit share in a market -- thus lowering its overall
funding costs, since retail deposits are relatively cheap -- must be evaluated in terms of how the ATM helps
the bank to configure its service delivery capability to effectively participate in regional deposit competition
among banks. In areas where a bank has invested early in ATMs, it is possible that placing an ATM at a
branch may provide enough extra service to customers to enable the branch to improve its market share
for deposits. In markets where two networks compete with one another, network choice may play a role in
protecting deposit market share. As a result, the search for evidence that ATMs have a beneficial impact
must begin by evaluating competition at the branch and market levels.




3.3. Research Site

The research site for this research was Meridian Bancorp, a large commercial bank in southeastern
Pennsylvania. The regional network it belonged to is known as "MAC" and the major competing network
at the time we collected the data was "CashStream." MAC is among the top ten regional networks in the
U.S. in terms of monthly transactions, and number one in terms of bank-to-bank interchange volume
(KUTLSS), suggesting the relative importance that customers place on electronic banking facilities deployed
by banks in the region. Meridian also participated in a shared network of national scope.? In our field
study, we interviewed many of the bank’s staff members involved with branch and ATM operations. This
included senior managers involved in charting the future course of the bank’s networks, as well as those
responsible for carrying out many of the day-to-day tasks crucial to smooth operations. In order to
estimate the IT business value models we will soon present, data for 54 "branch operating territories”
(BOTs), which contain 78 ATMs and 87 branches owned by the bank, were obtained. We defined the
BOTs to include interacting ATMs and branches. Since some of the bank’s branches compete with one
another directly, several of the BOTs have more than one branch owned by the bank. We also identified
all the nearby branches and ATMs owned by the bank’s competitors, and assigned them to the appropriate
BOTs. Since the bank had recently undergone a merger, we took special care to ensure that only those
BQTS for which the bank had accurate data were included in this study.

3.4. Data Sets

Intemal Data: ATM and Branch Operations. The data on the 78 ATMs and 87 branches covered a three
month period during 1986. The months chosen were considered by management to be the three
consecutive months least influenced by seasonal activity, and representative of average levels of transaction
volumes. We later confirmed this by examining monthly samples of branch and ATM transaction levels.
The bank captures nearly all of the transaction and cost data we obtained on a routine basis from its
automated branch and ATM systems. What was not available in computerized reports was built up from
records kept by a unit of the bank’s operations charged with supporting ATM operations. This included
technical facts about each ATM, for example, its scheduled hours of availability, average cash on hand, the
model and the vendor. We also identified the functions, overall costs, operating hours, purpose and design
of individual ATMs. This factual background helped us to understand the scope of the bank’s ATM
business, as well as to capture the values of variables included in our business value assessment models.

Information about important branch design and business policy variables which were believed to affect
branch competitiveness for all branches within the bank’s BOTs was also obtained within the bank.
Examples of these variables included branch age, name recognition of the bank, branch size as measured
by the number of service platforms, bank type, presence of an ATM at a branch, and ATM network

*For an introduction to shared networks in electronic banking, the reader should see the following
references: BAKESS, FELG86, GIFF85.




affiliation.

Extemal Data: Population Demographics and Deposit Market Share. We also gained access to a data base of
factual demographic information based on the 1980 U.S. Census. These data described census tracts in
terms of characteristics of the population. To use this data we aggregated census tracts to represent the
bank’s 54 BOTs. Matching census tracts to BOTSs required the determination of those census tracts most
representative of a branch’s account holders’ addresses. This resulted in the construction of 54 unique and
disjoint sets of demographic data.

Demand and saving deposit market shares were built from raw savings and demand deposit data presented
in an annual publication on deposit levels for all financial institutions in the state of Pennsylvania
(DRSI87). All market share data and competitive branch BOT assignments were reviewed by bank staff for
accuracy.

3.5. A Description of an ATM and its Branch Operating Territory (BOT)

To illustrate our approach, we will apply the results of the models we estimate in the following sections to
gauge the business value of one of the bank’s ATMs. This ATM is located at a branch in a suburban BOT
which has six competing branch banks. Five are commercial banks and one is a mutual savings bank.
Nearly all of the branches are able to compete for demand and saving deposits on a relatively equal
footing. Collectively, the branches had accumulated nearly $22 million in demand deposits and over $93
million in saving deposits by 1986. The market is a fairly mature one; five of the branches are older than
twelve years. Several of the branches have deployed ATMs. We defined two kinds of BOTs based on the
balance of competing ATMs that were deployed. A MAC-dominated BOT must have greater than
two-thirds of the total number of ATM machines as MAC ATMs. By this definition, the BOT under study
is not MAC-dominated. This distinction will be important when we report the deposit market share
contribution results later in the paper.

4. THE ROLE OF ATMS IN REDUCING BANK BRANCH LABOR COSTS

Our analysis begins by estimating a model for branch teller labor consumption. It focuses on how a branch
ATM affects teller labor productivity. We next quantify the value of teller labor for which an ATM
substitutes by estimating a model which forecasts the number of transactions created at the bank’s ATMs.
This estimate requires information about the demographic and competitive environment, including whether
the ATM is located at a branch. Since ATMs are believed to cause bank customers to create more
transactions than would otherwise be the case, we are careful to only consider that portion of the
transactions that are siphoned off from the normal workflow of the branch in order to avoid "double
counting." Thus, an important requirement for the model we build is that it enable us to identify this
fraction. The estimated coefficient of the qualitative variable represents the presence of the ATM at a
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branch and will be used to identify the number of transactions processed due to the branch location. By
applying the bank’s average unit cost per teller-processed transaction, we then can calculate the value of
teller labor that the ATM replaces. In the remainder of this and the following section, we present the
branch transaction and teller labor estimation forecasting models, and then apply their results to one of the
bank’s branch ATMs.

4.1. The Branch Teller Labor Estimation Model

Our model was estimated using data for 87 branches for three months in 1986, aggregated to one quarterly
observation for each branch.* It takes into account the mix and volume of transactions handled by branch
tellers, with or without the influence of an ATM at the branch. The transaction types include deposits,
withdrawals, checks cashed, bill payments, ATM card-related transactions, official checks and miscellaneous
transactions. Due to the relatively large number of deposits and withdrawals, we collapsed these transaction
types into just two categories, with all other transactions aggregated with withdrawals.

A simple, linear model to determine whether the presence of an ATM at a branch has an influence on
teller labor consumed in the production of teller transactions is shown below.’

TELLER_HRS = B, * DEP_ ATM + B, * DEP_NOATM + B; * OTHER_ATM

+ B, * OTHER_NOATM + €

where
TELLER _HRS = the number of branch teller hours consumed at the branch during
the period;
DEP ATM = total number of branch deposit transactions, for branches with
ATMs only;

“‘Previous work in this area has been done by Mabert and Raedels (MABE?77), Deutsch and Mabert
(DEUTR0), and Moondrea (MOON?78), who applied queueing theory and linear programming to schedule
teller labor. More recently, Matta, Daschbach and Wood (MATT87) predicted the aggregate number of
transactions for a branch using customer demand and arrival rates. They also attempted to look at the impact
of ATMs on teller scheduling, but were hampered by the unavailability of data. The requirements for our
model are simpler than those of the models presented in the above references, since we are not attempting
to solve a scheduling problem.

*When we ran a similar linear model, we obtained an R? of .82, suggesting the explanatory power of the
transaction types.
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DEP _NOATM = total number of branch deposit transactions, for branches without
ATMs;

OTHER_ATM = total number of branch transactions other than deposits, for
branches with ATMs only;

OTHER _NOATM = total number of branch transactions other than deposits, for

branches withour ATMs.

Since the branches in our data set varied substantially in size and number of teller transactions processed,
we found that this linear model was susceptible to heteroskedastic error.® To ensure that our variance
estimates were not biased by heteroskedasticity, we divided through on both sides of regression equation by
the total number of transactions processed at the branch. One teller transaction type with relatively low
volumes was eliminated to avoid perfect collinearity (BELS80).

The reader should recognize the shift in emphasis of our model. In the original equation the focus was on
the change in the number of teller hours consumed when a branch ATM is present. The revised estimation
seeks to identify the variation in the productivity of teller labor. The dependent variable now is expressed as
"teller hours per transaction” (TELTRN), the ratio of teller labor hours to number of teller transactions.
The revised form of our linear model is shown below.”

SWe investigated this using the Goldfeld-Quandttest and determined that the variances of the residuals of
the smaller branches were smaller than those of the larger branches (GOLD6S5).

An alternative way to do this would be to conducta direct test for the impact of the presence of a branch
ATM on the number of teller transactions at a branch. We utilize a multiplicative model which involves the
following variables:

Teller transactions = f(competition; demographics; ATM variables)

I

f(savings deposit dollars, demand deposit market share; per capita income,
avg household head age; drive-up window, walk-up window; branch ATM,
# of MAC ATMs in BOT, MAC network dominance)

When we estimated this model, we found that the coefficient for the presence of a branch ATM was positive
and significant. Discussions with the electronic banking manager at the research site suggested that the bank’s
policy to "backfill" branches with ATMs which have a large number of teller transactions may be responsible.
Therefore, one expects, a positive coefficient for the branch ATM dummy, since this variable is a good proxy
for total branch transactions.

A second alternative would have been to look at branch teller labor consumption before and after a branch
ATM was installed. However, we were not able to obtain data to support this kind of an analysis due to the
recent restructuring of the bank.
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TELTRN = B, * DEP%_ATM + B,*DEP% _NOATM + B; * WDL%_ATM +

B, * WDL% NOATM + €

where
DEP% _ATM = percent of total branch transactions that were deposits, for branches
with ATMs only;
DEP% NOATM = percent of total branch transactions that were deposits, for branches
without ATMs;
WDL%_ATM = percent of total branch transactions, including withdrawals and other

transactions not involving deposits, for branches with ATMs only;

WDL%_NOATM = percent of total branch transactions, including withdrawals and other
transactions not involving deposits, for branches without ATMs;
TELTRN = the number of branch teller hours consumed at a branch divided by

the total number of transactions processed during the period.

The estimation results suggest that more teller labor on average is required to process a deposit when an
ATM is present at a branch. Additional detailed results of this estimation are presented in Table 1 below.

INSERT TABLE 1 ABOUT HERE

Both the DEP%_ATM and DEP%_NOATM variables were significant. We then tested to determine
whether their coefficients, B, and 8,, were significantly different from one another. DEP%_ATM was
identified as being greater than DEP%_NOATM at about the .10 level.® Our interpretation of this result
is that tellers may be processing more complicated deposit transactions, while customers handle simpler
deposit transactions at ATMs.

#We utilized the following statistic to test if the difference between B, and B, was equal to zero:

tstat = [B, - B,] / [VAR(B,) + VAR(B,) - 2*COV(B,,8,)}* = 1.62.




13

By contrast, the variables representing the other aggregated transaction types, WDL%_ATM and
WDL%_NOATM, were less significant explanatory variables for teller labor productivity and also did not
test as significantly different. The coefficients of teller transactions other than deposits were also smaller
on average than those for the deposit transactions.

In order to determine whether the decrease in efficiency of tellers at branches with ATMs results from
ATMs, we need to investigate whether the overall level of transactions arriving at the tellers’ windows is
actually affected by ATMs. We next develop a model to estimate the extent to which an ATM captures
additional transactions from the branch due to its branch location.

5. FORECASTING BRANCH ATM TRANSACTION DEMAND: ENHANCED SERVICE LEVELS
5.1. The ATM Transaction Demand Forecasting Model and Data

In this section we estimate a model for transactions at an ATM using data for 78 MAC ATMs owned by
the bank.” We included four kinds of variables in our model: population stock indicators for the BOT,
population flow indicators around the ATM, dummies for the competitive region where the ATM is located,
and ATM descriptors for the visibility, hours of availability, uptime and branch location of an ATM. The last
variable in this list will enable us to determine the fraction of its total transactions that the branch ATM
captures from the teller windows. Since not all of the transactions created at an ATM are due to the
branch, we need to separate the fraction from the base level of transactions which result for the set of
competitive, demographic and other location-specific factors describing the context of an ATM’s
production. Since we do not have information on a key indicator -- relative levels of ATM card use among
bank customers in the regions covered by our data set -- we also included regional dummies to pick up
these and other influences. The variables in the forecasting model are described in detail in Table 2.1

*Three prior studies also reported on ATM transaction forecasting models. Pool (POOL76) showed that
a large portion of the variance in transactions at a ATM can be explained by the local population
demographics. Murphy (MURP83) found that an ATM’s network and its time in place are also important
predictors of transaction levels. The network distinction is not relevant for our data set, because all our ATMs
are on the same network. More recently, Sassone (SASS87) used nine demographic factors to explain greater
than 75% of the variance in ATM transactions.

1°The variables FOOT, AUTO and VISIB described in the table represent averages of individual responses
by two senior electronic banking managers. They were asked to evaluate the variables on a five-point scale.
If their assessments were more than two points different, we asked them to jointly re-evaluate their responses.
The three region types we considered were urban, suburban and small town areas. SuburbanBOTSs were used
as the base case in our estimation.
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INSERT TABLE 2 ABOUT HERE

The form of the regression model we estimated is as follows:
log ATMTRANS = = CONSTANT + Qpcnc * log PCINC + @pgp * log POP
+ Qpopyy * log POPHH + @ qupop * log ATMPOP + Qppor * log FOOT
+ G pro * log AUTO + Qcorpquniry * COMMUNITY
+ Qurgan * URBAN + Qg5 * log VISIB + ayoyrs * HOURS
+ Quppue * UPTIME + Qpryycn 4ty ¥ BRANCH_ATM + €

Prior to obtaining the final results presented below, variants of this model were evaluated. An initial
concern we had was choosing an efficient subset of demographic and other variables from a larger database
of nearly forty variables so as to avoid biased parameter estimates due to collinearity. Raw data on
potential independent variables were examined and a number of diagnostic tests were applied to check for
the presence of collinearity (BELS80).

Similar to results from previous research, the results we present in Table 3 below suggest that a
combination of stock and flow demographics, and ATM site descriptors are useful predictors of ATM
transactions. The key result for our present analysis, however, is that the coefficient for the presence of an
ATM at a branch (related to the BRANCH_ATM variable) is positive, and highly significant. This
provides evidence that a branch location is conducive to higher ATM transaction volumes. It is also an
initial indication that branch ATMs capture transactions that would otherwise have been processed by
tellers. Since an ATM cannot handle as complicated transactions as branch tellers can (split deposits, for
example), any additional ATM transaction volume which results from its branch location would come from
the set of less labor-intensive transactions a teller processes. Thus, the results we report in this section
support our conclusion about the decline in average teller transaction processing productivity in the
presence of branch ATMs.



15

INSERT TABLE 3 ABOUT HERE

A second interesting finding was that the hours of availability of an ATM and its uptime play a small role
at best in predicting the resulting transactions. Discussions with bank managers suggested some likely
explanations for the latter results. It turns out that scheduled hours of availability are usually related to the
kind of ATM site. In a supermarket, for example, where no consumers can use ATMs after closing hours,
transactions will not be created. However, these lost transactions may be recouped by extra flows and
concentrations of people during the supermarket’s normal operating hours. Uptime plays a small role at
best due to the bank’s ability to provide greater than 97% uptime at most ATMs each month, with rare
instances of uptime performance below 95%.

5.2. A Business Value Estimate for Teller Labor Replaced by an ATM

We now discuss how the results of the transaction estimation model may be used to calculate the fraction
of total transactions that are processed by the branch ATM, instead of at the teller window. We will use
one branch ATM owned by the bank in the suburban BOT we described above. This MAC ATM
processed a total of 18,507 deposit, withdrawal and transfer transactions during the three months for which
we obtained data in 1986.

The estimate we calculated for the zeller labor value of this branch ATM is shown in Table 4 below. We
begin by applying the Qprancy_arm coefficient from the regression to the actual number of transactions
processed at an ATM. The coefficient of the branch ATM variable in our regression is .292, indicating the
incremental transactions at the ATM due to its proximity to the teller windows. This enables us to identify
the difference between the base and ATM-influenced transaction levels. Assuming the cost of processing a
cash-related transaction at the teller’s window is $.90 per transaction', then the estimated value of the
labor replaced by the ATM is $16,873.

INSERT TABLE 4 ABOUT HERE

"The figure of $.90 for an average teller transaction is net of transaction costs accruing to the bank when
a customer’s interaction with the bank teller is completed. Source: Meridian Bancorp.
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6. INTERCHANGE REVENUE EVALUATION

Another aspect of an ATM’s outputs deserves recognition for the business value that can potentially be
created. Interchange transactions within the network we investigated involved fees charged among banks;
no customers were charged. As a result a consideration of how pricing may change customers’ search
strategies for ATMs, the impacts on interchange revenues and overall usage is beyond the scope of our
current work. However, usage of an ATM by a bank’s competitors’ customers is a means by which it can
earn a steady, dependable income stream for the bank.

Using three representative months of data for 78 bank-owned MAC ATMs, we checked the stability of the
ratio of interchange transactions to total transactions (IPCT). IPCT is a metric that is useful to portray
how well an ATM does at capturing revenue-generating interchange transactions. The distribution of the
ratio of the absolute value of the maximum deviation of the three monthly IPCTs from the MEAN_IPCT
for each ATM indicated that the value at the 25% quartile was 0.011, the median was 0.026, and the value
at the 75% quartile was 0.035. The MEAN_IPCT ratio measures overall interchange rates across the
entire set of ATMs. This ratio had a maximum of 0.192 and a minimum of zero for the 78 ATMs. Thus,
more than 75% of the ATMs exhibited less than a 4% maximum absolute deviation from MEAN_IPCT,
the average interchange percent level observed across all ATMs."?

For the network we examined, three kinds of transactions involved interchange fees: cash withdrawals,
deposits and transfers of cash between accounts. Inquiry, bill payment and denied transactions did not
involve interchange fees. The prices of withdrawals (WDL) and cash transfers between accounts (TFR) are
$.30, while the price of a deposit (DEP) is §.70. Interchange revenues (IREV) for an ATM are calculated
as follows:

IREV = (Pyp, *+ WDL + Pp,, x TFR) * IPCT

Table 5 shows our calculation of the business value of annual interchange revenue for the branch ATM
that we examined above. It amounted to approximately $6,896.

INSERT TABLE 5 ABOUT HERE

Z[PCTs were found to be in only the 10-20% range for branch ATMs in our data set, suggesting that the
creation of interchange revenues at branch ATMs probably is not the sole reason the bank deploys ATMs.
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7. BRANCH ATMS AND DEPOSIT MARKET SHARE PROTECTION

The third aspect of business value we measured for ATMs is their impact on deposit market shares. In this
section we employ data which describe 191 branches (including 42 owned by the bank) that competed for
demand deposits and 255 that competed for saving deposits in BOTs that were not dominated by the MAC
network. The number of observations in each group differs due to regulatory constraints imposed on
certain kinds of banking organizations, which prevent all banks from competing for demand deposits. We
estimated a multiplicative competitive interaction (MCI) model (JAIN79, NAKA74) to identify the
importance of ATM-related variables versus other branch design and business policy variables in
branch-to-branch competition for demand and savings deposits. The MCI model is a "gravitational model"
of market share, in which a competitor’s attractive features exert competitive leverage within the BOT. A
similar application to bank branches can be found in Hansen and Weinberg (HANS79). We have extended
their research to incorporate ATM variables in our analysis.”

7.1. The Bank Branch Market Share Model

The general form of the mathematical model for the market share of branch j in territory k for demand or
savings deposits is given below (COOP88):

Be
I1 X

o ceC

MS, = —X Y

2 1 Xia

Jel, ceC

where

MS, = branch j’s deposit share in territory k;
) = the cth design characteristic of branch j in territory k;
Ji = the set of branches in territory k;
B. = estimated intensity exponent for characteristic c.

This model states that the market share of a bank branch is a function of the design decisions of its

3The MCI modeling approach is especially useful in situations where times-series data for market shares
and competitive features are not available, by simulating competition among firms which do and do not deploy
a specific competitive feature. It allows inferences to be made about the impact of a variable such as IT on
market share without requiring pre-deployment and post-deployment data.
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competitors, as well as those of its own management. The multiplicative specification enables us 1o capture
the interactions of the design choices of the branch competitors in their local markets. We do not need to
include variables in the model which describe the demographic environment that the branches compete in,
since all competing branches in a BOT face the same set of conditions. Instead, the design choices alone
distinguish the competitive capability of each branch. The design variables included in the demand and
saving deposit market share models are shown in Table 6.1

INSERT TABLE 6 ABOUT HERE

7.2. Results of the Bank Branch Market Share Estimation

In Table 7 below we present the coefficient estimates and t-statistics of the variables included in the MCI
model for BOTs that are not dominated by MAC. The coefficient estimates for the non-information
technology variables are similar in nature to the kinds of results reported in similar research on bank
branch competition. (For example, see Hansen and Weinberg’s work on bank branch competition
(HANS79).) Our results showed that bank type (savings and loan, mutual savings or commercial bank),
branch age, bank name and the presence of walkup teller counters and platform positions were all
correlated with deposit market share. Diagnostic tests that we performed indicated that collinearity among
independent variables and heteroskedasticity in residuals were not problematic (BELS80, GOLD65).

Our most important result is that branch ATMs and their association with the MAC shared ATM network
may have a positive influence on market shares for both demand and savings deposits markets, though this
effect is significant at conventional levels (at least 5% significance) only in the latter case. The usefulness
of these results, especially a positive and significant coefficient estimate for the branch ATM variable, will
become apparent in a moment, when we use it to obtain an estimate of a branch ATM’s deposit market
share protection capabilities.

INSERT TABLE 7 ABOUT HERE

Note that qualitative variables in this model are coded with ‘e’ for the presence of an attribute and ‘1’
for the absence of the attribute. These values become ‘1’ and ‘0’ in the log-linear estimation form of the model.
Additional mathematical details are presented in Banker and Kauffman (BANKS8).
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7.3. Quantifying the Deposit Protection Value of a Branch ATM

We next apply the results of our MCI model to estimate business value for the market share gain
associated with the branch ATM in the BOT discussed above. Direct estimates of the incremental impact
of an ATM can be made with the relevant coefficients from the MCI models, assuming that other branches
maintain their current design and business policy choices. This result, derived from the specification of the
MCI model presented earlier, is captured by the following relation:

= -1
MSN, = |1 + gPoavcname 15k
. MSA,

where MSA,; and MSN; are the branch market shares with and without an ATM, respectively, given
identical other characteristics. (Please refer to the Mathematical Appendix for the derivation of this
relation.) Since the branch under consideration had an ATM, MSN, the expected value of branch market
share when it does not deploy an ATM, is the only unknown in this equation. The incremental value of an
ATM in terms of market share gain is then given by A_MS = MSA - MSN.

Solving for MSN, we found that branch ATMs increased branch demand and savings deposit market shares
increased by 1.49% and 3.15%, respectively. The business value associated with these increases can be
calculated directly by applying the difference between the bank’s marginal cost of funds and the lower cost
of retail deposits, on an annual basis.”* At that time, the bank’s marginal cost of funds was 8.7% and the
market rate on retail deposits was 5.25%. Table 8 presents the variables involved in this calculation and
the results for incremental demand and savings deposit value. The ATM business value contribution was
approximately $11,220 in terms of the time value of demand deposits and $100,343 in terms of the time
value of savings deposits.

INSERT TABLE 8 ABOUT HERE

This is a remarkable result for two reasons. First, we have quantified one of the least easily estimated
business value impacts of a branch ATM and found that it far exceeds the more easily measured impacts,
the labor substitution value and the interchange revenues of an ATM. It seems that least tangible among
the set of ATM business value outputs to provide the lion’s share of ATM’s value! Second, the business
value estimates that we derived grow out of the placement of ATMs for defensive, rather than offensive

15We assume that the reduction of one ATM in the BOT would not have resulted in the any reduction of
the total market size or amount of deposits.
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reasons. Clemons (CLEMB86) has argued that ATMs have generally failed to produce competitive
advantage for the firms that deployed them. Our results support that view: if anything, our modeling

approach measures the deposit protection value of deploying branch ATMs, not their ability to help a
branch secure competitive advantage.

8. CONCLUSION

We now synthesize our findings for the business value of the branch ATM we have studied throughout this
paper to illustrate the magnitude of the various sources of business value.

8.1. Managerial Analysis: A Business Value Estimate for a Branch ATM

Table 9 presents the business value linkage components and overall business value estimate of $135,332 for
a specific branch ATM. In the case of this ATM, the one year benefit is more than sufficient to offset
most ATM site installation and operating costs. The striking conclusion is that the business value of this
ATM is primarily derived from the competitive leverage it exerts on savings deposit market share in the
BOT. In fact, we found the annual value derived from this source is nearly 75% of the ATM’s total
estimated business value.

INSERT TABLE 9 ABOUT HERE

We should point out at this point that branch ATMs do not create uniform leverage on deposit market
share. In fact, the high business value estimate for the branch ATM considered in this study is relatively
rare among the bank’s ATMs. First, not all of the bank’s branches were located in BOTs that were "not
dominated" by MAC. In prior research (BANKS88), we found that ATMs located in territories where MAC
ATM deployment was not a distinguishing competitive feature (i.e., "MAC-dominated" territories), did not
create business value from incremental market share gains. Second, even where a BOT was not dominated
by MAC, there were often enough competing branches located in the territory to blunt the market share
impact of a branch ATM.

It is also important to point out how rapidly the deposit market share gains that we estimated can be
diminished, for example, when other MAC banks choose to locate more ATMs nearby. Small changes in
bank configurations have the potential to substantially shift the equilibrium market shares, and other more
radical changes are also possible. For example, in 1987, just following the time period that our study
covers, a merger occurred between Pennsylvania’s two largest ATM networks, Mellon Bank’s CashStream
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and Core States’ MAC, giving MAC a monopoly in electronic banking network services in the state. (For
additional details, see the case study by Clemons (CLEM89).) This eliminated any incremental deposit
market share business value associated with operating an ATM connected to MAC in a BOT that was not
already dominated by MAC; MAC now dominates in every branch operating territory in Pennsylvania.

Based on our empirical results, we believe that key benefits can be quantified that would support improved
electronic banking performance and investment evaluation, and lead to more optimistic estimates of ATM
business value based on their competitive parity effects. While the tests we conducted look at branch
competition ex post, managers can use such results to develop a baseline of performance that will help
them to make more refined ex ante estimates for the performance of newly deployed ATMs.

Several extensions of our current ATM value results are appropriate. Firsi, it makes sense to attempt to
develop even more refined measures for the market share and branch labor effects of ATMs. We are
currently investigating how demographic and other descriptive features of the competitive environments
tend to enhance or suppress ATM value. Second, if additional data are available, it would be useful to
carry out a time-series analysis to determine how business value changes over time as competitors respond
to one another’s ATM deployment decisions. A third extension would involve recasting our modeling
approach to support forecasting ATM business value under changing business and competitive conditions.

8.2. Contributions to IS Research

The primary contribution of our work is our conceptual framework for linking intermediate outputs to
business value, and the modeling approaches we demonstrate to quantify the business value of IT. This
framework helps to structure a manager’s analysis of an IT investment in a way that increases the
likelihood that the "right" impacts will be included in cost-benefit analysis. It also supports "working with
the numbers” in an instance where management required numbers to distinguish among business value
levels for many operating sites.

A second contribution of this research is our illustration of the implementability of the conceptual model
for electronic banking operations, and the specific econometric models we suggested to quantify their
impacts. We believe that an empirical approach is appropriate to provide evidence to link intangible
impacts to an IT investment. For other IT valuation problems, different evaluative models will be required
which are specialized to capturing value-enhancing impacts of changing revenues and market share, and
cost-reducing impacts in a firm’s operations.

This research has allowed us to build up a significant experience base in doing IT business value assessment
with a large and rich data base. Our data set afforded us the opportunity to construct models to evaluate
three dimensions of ATM business value, and make comparisons between them. Finally, an important
implication of our findings at the research site was that electronic banking managers needed to reconsider
what should be included in a strategic database for ATM valuation.




22

REFERENCES

ALPASO Alpar, P., and Kim, M. "A Microeconomic Approach to the Measurement of Information
Technology Value," Journal of Management Information Systems, 7(2), Fall 1990, pp, 55-69.

BAKESS Baker, D. I. "Creating and Operating Shared Electronic Funds Transfer Networks:
Competitive Issues under Antitrust and Corporate Law." In Third Annual Financial
Services Institute, Practicing Law Institute, NY, April 1985, pp. 829-882.

BANKS38 Banker, R. D., and Kauffman, R. J. "Strategic Contributions of Information Technology:
An Empirical Study of Electronic Banking Networks," in Proceedings of the 1988
Intemational Conference on Information Systems, December 1988.

BANK90 Banker, R. D., Kauffman, R. J., and Morey, R. C. "Measuring gains in Operational
Productivity from Information Technology: A Study of the Positran Deployment at
Hardees Inc.," Journal of Management Information Systems, 7(2), Fall 1990, pp. 29-54.

BANKS91 Banker, R. D., Kauffman, R. J., and Lally, L. "Gauging the Quality of Managerial
Decisions Involving Information Technology Deployment,” in Proceedings of the 1991
Hawaii Intemational Conference in Systems Sciences, January 1991.

BARUS89 Barua, A., Kriebel, C. H., and Mukhopadhyay, "A New Approach to Measuring the
Business Value of Information Technologies," working paper, Graduate School of
Industrial Administration, Carnegie Mellon University, Pittsburgh, PA, January 1989.

BELS80 Belsley, D. A, E. Kuh and R. E. Welsch. Regression Diagnostics: Identifying Influential
Data and Sources of Collinearity. John Wiley and Sons, NY, 1980.

BERGS8 Berger, P. "Selecting Enterprise-Level Measures of IT Value,” in Measuring Business Value
of Information Technologies, P. Berger, J. G. Kobelius and D. E. Sutherland, editors, ICIT
Press, Washington, DC, 1988.

BMAB86 Bank Marketing Association. "PACE IV -- Payment Attitude Change Evaluation:
Consumer Use and Attitudes on ATMs, Debit Cards, Credit Cards, Direct Deposit and
Home Banking," Research and Planning Dept., Bank Marketing Association, Fall 1986.

BONDSg9 Bond, C. "ATMs Pay Out, But Do They Pay Off," Bankers Monthly, 106(12), December
1989, pp. 40-42.

CLEMS86 Clemons, E. K. "Information Systems for Sustainable Competitive Advantage." Information
and Management, 11, 1986, pp. 131-136.

CLEMS89 Clemons, E. K. "MAC -- Philadelphia National Bank’s Strategic Venture in Shared ATM
Networks," in Proceedings of the 1989 Hawaii Intemational Conference in Systems Sciences,

Hawaii, January 1989.

CLEM90A Clemons, E. K., and Weber, B. W. "Strategic Technology Investments: Guidelines for
Decision Making," Journal of Management Information Systems, 7(2), Fall 1990, pp. 9-28.

CLEM90B Clemons, E. K., and Weber, B. W. "Barclays de Zoete Wedd’s TRADE System," in




CLEM91

COAT84

COMP8&3

COPES88

COOP88

DEUTS0

DRSI88

FELG86

GIFF85

GLASS88

GOLDG65

GOTT89

HANS79

HAYNS86A

HAYNS86B

HAYNS87

23

Proceedings of the 1990 Hawaii Intemational Conference on Systems Sciences, Hawaii,
January 1990.

Clemons, E. K. "Evaluating Investments in Strategic Information Technologies,"
Communications of the ACM, 34(1), January 1991, pp. 23-36.

Coats, P. K. "Electronic Funds Transfer Networks: Modeling Their Impact on Bank
Service Geals," Computers and Operations Research, 11(4), 1984, pp. 415-426.

Computerworld, Editor. "Editorial -- The Perception", Computerworld, December 5, 1988.

Copeland, D. C., and McKenney, J. L. "Airline Reservation Systems: Lessons from
History," MIS Quarterly, 1988, pp. 353-370.

Cooper, L. G., and Nakanishi, M. Market-Share Analysis: Evaluating Competitive Market
Effectiveness, Kluwer Academic Publishers, Boston, MA, 1988.

Deutsch, H., and V.A. Mabert, "Queueing Theory and Teller Staffing: A Successful
Application," Interfaces, 10(5), pp. 63-67, 1980.

Decision Research Sciences Inc. 1986-87 Branch Directory and Summary of Deposits for the
Commonwealth of Pennsylvania," 12th Edition, Decision Research Sciences Inc., Blue Bell,
PA, 1988,

Felgran, S. D., and Ferguson, R. E. "The Evolution of Retail EFT Networks," New
England Economic Review, July/August 1986.

Gifford, D. and Spector, A. "The Cirrus Banking Network," Communications of the ACM,
28(8) August 1985, pp. 798-807.

Glaser, P. F. "Using Technology for Competitive Advantage: The ATM Experience at
Citicorp," in Managing Innovation: Cases from the Service Industries, B. R. Guile and J. B.
Quinn, editors, pp. 108-114, National Academy Press, Washington, DC, 1988.

Goldfeld, S.M., and R.E. Quandt. "Some Tests for Homoskedasticity," Journal of the
American Statistical Society, 60, pp. 539-547, 1965.

Gottlieb, C. C., and Parsons, D. J. "Information Technology and Productivity in Canadian
Banking." Working paper, June 1989.

Hansen, M, H., and C. B. Weinberg. "Retail Market Sharing in a Competitive
Environment," Journal of Retailing, 55, pp. 37-46, Spring 1979.

Haynes, R. M. Technology in the Service Sector: Lessons to be Learned from Electronic
Banking. Working Paper, Arizona State University, 1986.

Haynes, R. Using Less Data Lets Cactus Switch Handle More Customers, Cut Fees.
Banking Systems & Equipment, October 1986.

Haynes, R., and P. Finch. Does Electronic Banking Pay Off? The Cactus Switch Says
"Yes’. Working Paper, Arizona State University, October 1987.




ICIT88

JAIN79

KAPLS86

KAUF88

KAUF89

KAUF90

KEKR%0

KUTLS88

LIBB86A

LIBB86B

LIBB86C

LIPI85

LOMAS7?

MABE77

MATTS7

MCFA84

24

ICIT Research Team #2 (P. Berger, R. J. Kauffman, C. H. Kriebel, B. Swanson and P.
Strassmann). Measuring Business Value of Information Technologies, P. Berger, J. G.
Kobelius and D. E. Sutherland (eds.), ICIT Press, Washington, DC, 1988.

Jain, A., and Mahajan, V. "Evaluating the Competitive Environment in Retailing Using
Multiplicative Competitive Interactive Model," Research in Marketing, 2, pp. 217-235, 1979.

Kaplan, R. S. "Must CIM Be Justified By Faith Alone?" Harvard Business Review,
March-April 1986.

Kauffman, R. J. Assessing the Performance of Information Technologies Which Deliver
Financial Services, Unpublished Doctoral Dissertation, Graduate School of Industrial
Administration, Carnegie Mellon University, May 1988.

Kauffman, R. J., and Weill, P. "An Evaluative Framework for Research on the
Performance Effects of Information Technology Investment," in Proceedings of the 1989
Intemational Conference in Information Systems, Boston, MA, December 1989.

Kauffman, R. J.,, and Kriebel, C. H. "Identifying Business Value Linkages for Production
Processes Involving Information Technology,"in Y. H. Kim and V. Srinivasan, eds.,
Advances in Working Capital Management: Volume II, JAI Press, New Haven, CT, 1990.

Kekre, S., and Mukhopadhyay, T. "Impacts of Electronic Data Interchange on Inventory,
Quality and Performance: A Field Study," working paper, Graduate School of Industrial
Administration, Carnegie Mellon University, Pittsburgh, PA, December 1990.

Kutler, J. "MAC ATM System Widens Lead; NYCE Now Ranks Second in Volume," The
American Banker, pp. 1-16, July 1, 1988.

Libbey, M. B. "New Tactics to Drive up Debit Card Activity: Active Cards Grow," Bank
Network News: News and Analysis of Shared ATM Nerworks, 4(22), April 1986.

Libbey, M. B. "ATM Saturation Settles in for Long Haul, Bank Network News: News and
Analysis of Shared ATM Nerworks, 4(22), April 1986.

Libbey, M. B., "National Interchange Soars on Demand," Bank Network News: News and
Analysis of Shared ATM Networks, 5(3), June 1986.

Lipis, A. H., Marschall, T. R,, and Linker, J. H. Electronic Banking. John Wiley & Sons,
New York, NY, 1985.

Life Office Management Association. Capital Investments in Information Technology: Does
It Make A Difference? Life Office Management Association, Atlanta, GA, 1987.

Mabert, V. A., and Raedels, A. "The Detail Scheduling of a Part-time Work Force: A
Case Study of Teller Staffing," Decision Sciences, 8, pp. 109-120, 1977.

Matta, K. F,, Daschbach, J. M., and Wood, B. N. "A Non-Queueing Model to Predict
Teller Requirements in Retail Bank Branches," Omega, 15(1), pp. 31-42, 1987.

McFarlan, F. W. "Information Technology Changes the Way You Compete," Harvard
Business Review, 62(3), May-June 1984.




MESH86

MOONT78

MURPS83

NAKA74

PARKS88

POOL76

PORTS80

SASS87

STEGS88

STRAS8S

WALK77A

WALK77B

WEIL%A

WEILS0B

WEILS0C

25

Meshinsky, J. "Retailers Can End Up Turning Away Veritable Goldmines When Charging
Rent on Off-Premise ATMs," EFT Report: Newsletter of Electronic Funds Transfer, 9, March
1986.

Moondrea, S. L. "An LP Model for Work Force Scheduling For Banks,” Journal of Bank
Research, 8, 1978.

Murphy, N. B. "Determinants of ATM Activity: The Impact of Card Base, Location, Time
in Place and System," Journal of Bank Research, 14(3), pp. 231-233, Autumn 1983.

Nakanishi, M., and Cooper, L. G. "Parameter Estimation for a Multiplicative Competitive
Interaction Model: Least Squares Approach," Journal of Marketing Research, 11, pp. 303-
311, August 1974,

Parker, M. J., and Benson, R. J. Information Economics: Linking Business Performance to
Information Technology, Prentice Hall, Englewood Cliffs, NJ, 1988.

Pool, A. A. "Attitudes Toward Consumer Banking Packages," Journal of Bank Research,
7(1), pp- 88-92, 1976.

Porter, M. E. Compertitive Strategy: Techniques for Analyzing Industries and Competitors,
Free Press, N, 1980.

Sassone, P. Personal communication. December 1987.

Steger, P. R. "ATMs’ Worth Lies in Customer Service." American Banker, October 18,
1988.

Strassmann, P. A. Information Payoff: The Transformation of Work in the Electronic Age,
Free Press, NY, 1985.

Walker, D. A. Contrasts Among Banks with Retail Electronic Banking Machines and All
Insured Banks: 1974 Versus 1976. Joumnal of Bank Research, 7(3), Autumn 1977, pp.
159-170.

Walker, D. A. An Analysis of Cash Dispenser and Automated Teller Activity Levels and
Costs in the U.S. Journal of Bank Research, 7(4), Winter 1977, pp. 266-275.

Weill, P. "Strategic Investment in Information Technology: An Empirical Study,"
Information Age, 12(3), pp. 141-148, July 1990.

Weill, P. and Broadbent, M. "The Use of Strategic Information Technology by
Entrepreneurial Firms," in Proceedings of the 1990 Intemational Conference in Information
Systems, Copenhagen, Denmark, December 1990.

Weill, P. Do Computers Pay Off? A Study of IT Investment in the Manufacturing Sector,
ICIT Press, Washington, DC, December 1990.




26

Mathematical Appendix. Derivation of Incremental Deposit Market Share for Branch ATM

The variables MSA and MSN indicate the market shares of a bank branch with and without an ATM,
given that all other branch characteristics are fixed. Since MSN is not directly observable at a branch that
deploys an ATM, it is necessary to derive a mathematical expression for MSN to enable calculation of the
marginal market share gain for a branch which deploys an ATM.

To derive an expression for MSN, we begin by defining the following variables:

MSA, = branch j’s market share of deposits when it deploys an ATM;

MSN; = branch j’s market share of deposits when it does not deploy an
ATM;

X = the cth design characteristic of branch j, not including a branch
ATM;

X; BRANCHATM = the presence of an ATM at branch j (x is coded with the value €);

e P ]
X; NOBRANCHATM = the absence of an ATM at branch j (x is coded with a 1);
B, = an estimated "intensity" exponent for a branch characteristic ¢, not

including a branch ATM;

BprancHATM = an estimated "intensity" exponent for a branch characteristic,
branch ATM;

C- = the set of branch characteristics c, excluding a branch ATM;

J- = the set of branches, excluding branch j for which incremental
market share due to the presence of a branch ATM is being
evaluated.

Using these definitions, we can write an expanded form of the MCI model. This model distinguishes
among branch characteristics more carefully, by breaking out a term for the multiplicative effect of the
categorical variables associated with the presence or absence of an ATM.

B\ PBarancrare Pe) Parovcaire
TT " amancicane MSA 1T xic" [israncian
MSAj = ceC- —_——— J = c€C-
) Basavcns B\ Parancms 1-MSA &\ Baranc
E [H Xje )XJ.BMNCHTW * [H Xje )*;,;m::m 1 Z (H Xie ]‘;,Bm;:m
jel- \ceC- ceC- jed- \ceC-
B\ Barawcaurw B\ Barawcrarn
(H Xje ]’Jmmxcmm MSN (H Xje }‘;‘Jmm
MSN, = e 5 I
Be\ Baruvema e\ Parawcis 1-MSN B\ Pamanvcns
b (H X )‘jﬁosmnr’:mm + [H X ]ljmmn’:mm I [ X ]‘ﬁmm’gmm
Jjed- \ceC- ceC- JeJ- \ceC-

Note that the denominators in MSA and MSN are equal to 1, since the sum of competitors’ market shares
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in a given market will always sum to 1. By subtracting MSA and MSN from the respective denominators
we obtained the terms to the right of the arrows above. Dividing MSA/(1-MSA) by MSN/(1-MSN) and
then simplifying the resulting expression and rearranging terms yields the following ratio:

MSAJ. X 1—MSJ\§ _ [ X) BRANCHATM ]Pmm

Rearranging terms, we have:

1 _1=":ﬂ"-‘—“‘B w-m‘l‘.=e’mm.1-MSA£ =‘Pm~cmnr 1 -1
MSN, X NoAm MS4, MSA, MSA,

The value of branch deposit market share for a branch without an ATM, MSN, is now given by:

- =1
i i MSN. =11 + eﬂmm . 1 MSAZ
J MSA,

This enables us to calculate the incremental market share for a branch (given by MSA; - MSN;) that
deploys an ATM.




Figure 1. A Business Value Linkage for Identifying IT Impacts
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Figure 2. A Conceptual Model for ATM Value Measurement
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Table 1. Results of Branch Teller Labor Estimation
Variable Coefficient t-stat (signif.)
DEP%_ATM 0.000533 7.08 *kk
DEP%_NOATM 0.000378 6.42 * ok k
WDL%_ATM 0.000090 1.67 *
WDL%_NOATM 0.000104 2.10 * *
No. of Observations: 87
R-SQUARED = .30
Significance: *** .01 level; ** .05 level; * .10 level




Table 2.

Variables in the ATM Transaction Prediction Regression
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VARIABLE NAME

VARIABLE DEFINITION

Dependent Variable

ATMTRANS

Actual number of transactions at an ATM,
excluding inquiries and failed transactions.

Independent Variables

Population Stock
Demographics

PCINC
PoOP
POPHH

ATMPOP

Per capita income in BOT.
Population size in BOT.
Population per household in BOT.

Number of ATMs divided by population in BOT.

Population Flow
Indicators

FOOT

AUTO

Scaled rating of the amount of foot traffic in
the vicinity of the ATM (1 to 5 scale).

Scaled rating of the amount of auto traffic in
the vicinity of the ATM.

Competitive Region
Dummies

COMMUNITY

URBAN

Qualitative variable for region type: 1 if BOT

is in a small town, 0 otherwise.
Qualitative variable for region type: 1 if BOT
is urban, 0 otherwise.

ATM Descriptors

VISIB

HOURS

UPTIME

ATM

Scaled rating of the relative visibility of an
ATM in comparison to others operated by bank
(1 to 5 scale).

Qualitative variable for planned weekly hours:
1 if hours = 168, 0 if hours < 168.

Qualitative variable for machine uptime during
"prime time" banking hours, 10:00 AM to 9:00 PM:
1 if actual uptime meets or exceeds the 97%
uptime criterion, 0 otherwise.
Qualitative variable for ATM location: 1 if the
ATM is at a branch, 0 otherwise.
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Table 3. Results of ATM Transaction Estimation Regression
Variable Name Coefficient t-stat (signif.)
CONSTANT 3.93 1.73 *
PCINC 0.42 2.00 * %
POP 0.04 0.39
POPHH -0.45 -0.89
ATMPOP 0.02 0.24
FOOT 0.41 3.35 * k%
AUTO 0.43 3.07 k kK
COMMUNITY -0.32 -1.68 ®
URBAN -0.37 -2.64 * Rk
VISIB 0.64 3.60 LA
HOURS 0.08 0.46
UPTIME 0.06 0.48
BRANCH_ATM 0.29 2.40 *x
R-squared: .51
Adjusted R-squared: .42
Significance: *** .01 level; ** .05 level; * .01 level

Table 4. Annual Value of Teller Transactions Replaced by a Branch ATM
Actual Estimated Trans- Estimated Teller Estimated
ATM Trans-| actions if ATM Not Transactions ATM
actions Located at Branch Replaced by ATM Business Value
74028 74028/e~.292 = 55280 74028-55280 = 18748(5.90*18748 = $16873

Note: The figure for per transaction teller costs of §.90 is net of additional
processing that occurs behind the banking counter once a customer’s
interaction with a bank teller is complete. Source: Meridian Bancorp,
LIPIBS.




Table 3. The Value of Interchange Revenues at a Branch ATM

4932 1050 320 .253 $584.00
4683 1099 319 .249 $565.00
4719 1070 315 .255 $575.00

M ATM

(o] Transactions Interchange

N

T I I

H W D T P R
D E F C E

# L P R T v

1

2

3

ESTIMATED ANNUAL REVENUE $6,896
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Table 6. Variables in the Branch Market Share Models
DEMAND SAVINGS

BRANCH DEPOSITS DEPOSITS

DESIGN SHARE SHARE

VARIABLE MODEL MODEL DESCRIPTION OF THE VARIABLES

Dependent Variables

DEMSHARE X Branch demand deposits divided by
the sum of all deposits in BOT.

SAVSHARE X Branch saving deposits divided by
the sum of all deposits in BOT.

Independent Variables

COMMBK X Qualitative variable for commercial
bank type.

MUTSAVBK X Qualitative variable for mutual
savings bank type.

S&L X Qualitative variable for savings and
loan bank type.

HIRATE X X Qualitative variable for higher than
avg bank interest rate, as judged by
branch managers surveyed.

AGE X X Continuous with branches > 12 years
old coded as 12 years.

NAME X X 5-point scale; based on evaluations
made by branch bank managers.

WALKUP X X Qualitative variable for presence of
walk-up window at branch.

DRIVEUP X X Qualitative variable for presence
of drive-up window at branch.

PLATFORM X X Number of human, non-teller service
locations.

ATM X X Qualitative variable for branch ATM.

MAC X X Qualitative variable for MAC member.




Table 7. Deposit Market Share Results -- Not MAC-Dominated BOTs

Demand Deposits Saving Deposits
Variable
Name Coefficient t-stat (signif.) Coefficient t-stat (signif.)
COMMBK 2.09 6.91 LA R i i
MUTSAVBK ey e 0.98 3.50 Fkow
S&L ——— ———— 0.47 2.91 L
HIRATE 1.66 2.64 * %k 0.12 0.72
AGE 0.76 3.96 *hk 0.63 4.55 *kk
NAME 1.44 2.57 LA A 0.79 4.47 *okx
WALKUP 1.22 2.57 *kk 0.28 1.78 * %
DRIVEUP -0.38 =0.97 =-0.18 -1.52
PLATFORM 0.53 3.41 k& 0.56 4.62 LA
ATM 0.14 0.92 0.27 2432 * %
MAC 0.35 2.24 * % 0.46 3.93 *kx
R-squared: .41 .33
Adjusted R-squared: .38 .30
Significance: *** _0l1 level; ** .05 level; * .10 level




Table 8. Incremental Market Share Calculation: Variables and Results
Demand Savings

Variable Deposit Deposit

Name Model Model Description of Variable

DEPOSITS $21,827M $92,333M Actual observed level of
deposits in the BOT.

B .143 .272 Coefficient of the

ATM branch ATM variable.

MSA .1259 .1498 Actual market share of
branch with ATM.

MSN .1091 -1141 Estimated market share
of branch without ATM.

A Ms .0149 .0315 Estimated incremental
market share attributed
to branch ATM.

A_DEPOSITS $325,222 $2,908,490 Estimated change in
retail deposit volume.

A s $11,220 $100,343 Business value of A_MS
(assuming spread of 345

basis points between
marginal cost of funds and
deposit interest cost).
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Table 9. A Summary of the Business Value of a Branch ATM per Quarter
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Source of
Business Value

Business Value Estimate for a Branch
ATM in a non-MAC-dominated BOT

Dollar Value

Percent of Total

of Contribution Contribution
Costs of Branch
Labor Replaced $ 16,873 12.5%
Creation of Interchange
Transaction Revenues S 6,896 5.1%
Incremental Value of
Market Share for:
* Demand Deposits $ 11,220 8.3%
* Savings Deposits $100, 343 74.1%
Total Estimated
Business Value §135,332 100.0%




