Relating benefitsfrom using I Sto an organization's operating ...
Ragowsky, Arik;Stern, Myles,Adams, Dennis A

Journal of Management Information Systems; Spring 2000; 16, 4; ProQuest

pg. 175

Relating Benefits from Using IS to an
Organization’s Operating Characteristics:
Interpreting Results from Two Countries

ARIK RAGOWSKY, MYLES STERN, AND DENNIS A. ADAMS

ARIK RAGOWSKY is an Associate Professor of Information Systems in the Department
of Information Systems and Manufacturing and the Director of the Manufacturing
Information Systems Center at Wayne State University. He obtained his M.Sc. and
Ph.D. in information systems from Tel-Aviv University. His experience includes work-
ing as a CIO at a manufacturing company and as a consultant to manufacturing
organizations on their information systems (ERP systems). Dr. Ragowsky has pub-
lished in such journals as the International Journal of Industrial Engineering, Inter-
national Journal of CIM, Journal of Systems Management, Information and
Management, and Communications of the ACM. His current research interests are in
the value of information systems, manufacturing information systems, ERP, and stra-
tegic information systems.

MYLES STERN is Associate Professor in the Department of Information Systems and
Manufacturing at Wayne State University. He obtained his M.B.A. from the Univer-

sity of Michigan and his Ph.D. in accounting from Michigan State University. Dr.

Stern has published in such journals as the International Journal of CIM, Journal of
Accounting Education, and Journal of Systems Management. A member of AIS and

the American Accounting Association, his current research interests are in manufac-

turing information systems, ERP, and E-commerce.

DENNIS A. ADAMS is Chair of the Decision and Information Sciences Department in
the College of Business Administration at the University of Houston. He is a graduate
of Texas Tech University. He has published articles in journals such as Interfaces,
Journal of Information Systems Research, Data Base, MIS Quarterly, and Informa-
tion and Management. In addition, Dr. Adams is a coauthor of Managing an Informa-
tion System, Introduction to Business Computing, and Internet for Business. His
research interests include the effects of and techniques associated with elec-
tronic commerce and methods of valuing the “bottom-line” contribution IT makes
to organizations.

ABSTRACT: To obtain the greatest benefit from its information system, an organiza-
tion must determine which applications will provide the most benefit to organiza-
tional performance. This study reviews data collected from 310 manufacturing firms
in Israel and 197 such firms in the U.S. For each firm, data were obtained about the
benefits derived from using information systems, as perceived by a senior manager,
and the organization’s operating characteristics. Data were pooled across both coun-
tries. No meaningful relationship was found between the benefit a firm derives from
its overall information systems application portfolio and its organizational operat-

Journal of Management Information Systems / Spring 2000, Vol. 16, No. 4, pp. 175-194.
© 2000 M.E. Sharpe, Inc.
0742-1222 / 2000 $9.50 + 0.00.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissionysaaw.n



176 RAGOWSKY, STERN, AND ADAMS

ing characteristics. However, for two individual applications, the benefit derived is
linked significantly to the organization’s operating characteristics. Thus the model
relating benefits from information systems to the organization’s operating environ-
ment, first demonstrated by data collected in Israel, is confirmed by the data collected
in the U.S. The model applies across both countries, even though there may be
differences between the two countries, for example, in culture, size of businesses, and
relationship with customers and suppliers.

KEY WORDS AND PHRASES: information economics, information technology value, -
international information systems, manufacturing systems, organizational operating
characteristics.

INFORMATION SYSTEMS (IS) ARE VITAL TO THE OPERATION AND MANAGEMENT of
manufacturing firms. To obtain the greatest benefit from IS, a firm must determine
which applications can contribute the most to the company’s performance. Recent
articles have reported conflicting results about the productivity gains from invest-
ment in IS. Different studies have shown positive returns, no returns, or even negative
returns from such investments. Many prior studies focused on entire industries (or a
nation’s entire economy), and most treated the information system as a whole, ignor-
ing any particular characteristics of an individual organization that might have an
impact on the benefit obtained from using IS. Barua, Kriebel, and Mukhopadhyay [5]
found that the benefit gained from using IS should be reviewed at lower levels of the
organization, closer to the actual operations, rather than at a higher, integrated level
(i.e., total performance of the organization). Other studies [9, 21] found that different
organizations may obtain different benefits from using similar IS.

This paper explores the relationship between the benefits senior managers perceive
to be derived from IS and the “operating characteristics™ of individual manufacturing
firms. Two independent data sets are used: one from Israel and one from the United
States. The following section outlines the objectives of this research. Next, we pro-
vide some background to explain why the perceptions of managers are relevant and
why certain IS applications were selected for study. We then describe our research ques-
tions, propositions, and methodology. After presenting the results of statistical analy-
sis, we provide some interpretation, conclusions, and suggestions for future research.

Research Objectives

THE OBJECTIVES FOR THIS EXPLORATORY RESEARCH ARE TWOFOLD. First, through
the use of two independent samples, this paper suggests that the benefits derived
from using IS (as perceived by a senior manager in an organization) depend on the
organization’s operating characteristics (e.g., number of suppliers, lead time for pur-
chase order, lead time to customer). Bartezzaghi and Francesco [4, p. 46] called such
characteristics “operating conditions” and found that they have an impact on the
performance of manufacturing organizations:
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{Plerformance so defined depends on a series of production system structural
characteristics (that come from design and management choice of the system
itself, besides, of course, from a series of technological and environmental
constraints). There are some significant parameters that, taken together, de-
scribe the functioning characteristics of the production system. These param-
eters, which can be called the operating conditions, are, for example, time
variables, such as lead time and throughput time; physical measurements, such
as lot size; relative parameters such as capacity utilization, percentage of de-
fects, manpower efficiency, etc.

If an organization’s operating characteristics are found to affect the benefit derived
from using information systems, this linkage can help explain how information sys-
tems contribute to organizational performance. Our samples, one from Israel and one
from the United States, are important because they demonstrate this linkage, even
though there may be differences between the two countries as a function of different
cultures, different types of business, different relationships with customers and sup-
pliers, and so on. We found demographic differences between the companies in the
two samples: For instance, the firms in the United States tend to be larger. Nonethe-
less, the model relating perceived benefit from an IS application to the organization’s
operating characteristics is shown to hold across both countries.

The second research objective is to show that the relationship between benefits
derived from using IS and an organization’s operating characteristics is stronger for a
specific IS application than it is for the entire IS applications portfolio (considered as
a whole). These findings support the suggestion (as outlined below) of Barua et al. 5]
that benefits from IS can be measured at lower operational levels of an organization
but may be hard to identify at higher levels in the organization’s hierarchy. While
Barua et al. [ 5] used more objective data items such as income statement information,
market share, return on assets, and capacity utilization, this research makes use of
managers’ perceptions of the value IT adds to organizational performance.

Background

TO COMPREHEND THE VALUE THAT INFORMATION SYSTEMS PROVIDE to organiza—
tions, we must first understand the way a particular organization conducts business
and how information systems affect the performance of various component activities
within the organization. Information economics can be useful in making these as-
sessments. Jacob Marschak [24] wrote much of the pioneering work in the economics
of information. Marschak investigated the linkages between teams, information pro-
cessing, and decision making. He laid the foundation for much of the modern work in
information economics and the way organizations process information.

Marschak defines organizations in terms of teams. A team is a group of persons who
make decisions and are commonly rewarded as a result of their joint decisions. A
team’s or organization’s success depends not only on the individual decisions made,
but also on externalities not under their control. Externalities may include competi-
tive pressures, the price of capital and labor, regulatory issues, and other socioeco-
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nomic factors that introduce risk into the organization. Because each organization is
different, it is affected differently by external forces. In an attempt to compensate for
these external effects, organizations create systems that monitor the environment and
provide information to decision makers, thereby reducing the risk associated with
decision-making. Different organizations create different information systems to sup-
port decision-making. Marschak suggests that the decision-maker balances the cost
of inquiring against the cost of the information system. Consequently, organizations
are faced with building information systems that are cost effective with respect to the
value of the decisions those systems support in that particular organization’s operat-
ing environment.

As the level of uncertainty surrounding the decision-making process increases, the
decision-maker needs more information [21, 27, 33]. Specifically, the decision-maker
needs pertinent information about each alternative, possible state of nature to make
the best decision. Uncertainty increases if there are many possible states of nature
whose likelihood is similar. Appropriate information can reduce erroneous decisions
and consequently reduce task complexity [6, 19].

Consider a firm that has a large number of raw-materials suppliers, where differ-
ences (in prices, lead time, quantity discount, etc.) prevail among the suppliers and
where the organizational objective is cost reduction. The purchasing manager must
examine a large quantity of data to compare the suppliers and make the best purchase
decision. The manager might reduce the price of raw materials by about 15 percent by
using a computerized application to support such decisions [30, 37]. The level of
uncertainty/complexity involved with this decision process is high because of many
and diverse vendors. Implementing a sophisticated purchasing decision support ap-
plication can reduce this uncertainty. Yet, if raw material costs are only a small
portion of the total cost of producing the product, then even if the firm makes the best
decision concerning suppliers, this decision will only slightly reduce total costs and
will have minimal impact on the organization’s performance! For instance, if the
materials cost is 5 percent of total product cost, the savings will be only 0.75 percent
(15 percent times 5 percent) of the cost of the finished product. Here, a system that
helps the purchasing manager compare and evaluate more suppliers to get the best
purchase price is not particularly valuable, even though the uncertainty/complexity
involved in making the decision is very high.

There are, clearly, different kinds of information systems, with different functions.
The nature of the organizational system’s interface with the information system is
also crucial. Barua et al. [5, p. 7] suggest that the “value chain” as presented by Porter
[28] takes a closer look at how IT may affect particular activities and can provide a
starting point for detailed IT impact analysis. Porter [28, p. 33] states that a company’s
value chain comprises the “technologically and economically distinct activities that
it performs to do business.” These activities consist of primary activities (i.e., in-
bound logistics, operations, outbound logistics, marketing and sales, and service)
together with support activities (i.e., corporate infrastructure, human resource man-
agement, technology development, and procurement) and are the means whereby a
firm can seek to implement its cost leadership or differentiation strategies. The pri-
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mary activities by definition are performed at the lower level of the organization,
near or on the shop floor. Porter and Millar [29] further refine this framework into a
model that incorporates the role of the information systems application portfolio in
the organization and focuses on the value chain that is present in the delivery of
services or products. It seems, therefore, that the benefit IT can provide to the
organization’s performance is the value added to the organizational primary activi-
ties at the lower levels of the organization. Support activities, while important, tend
to have only indirect impact on organizational performance and were not considered
here. (Although Porter classifies “procurement” as a support activity, he acknowl-
edges that the purchase of raw materials can have an important impact on production.
We would classify purchasing raw materials as part of “inbound logistics,” a primary
activity.) The question to be asked is how a particular organization uses the IT port-
folio to affect the firm’s particular value chain that ultimately can affect that firm’s
productivity.

If the value of information systems is so closely tied to the organization’s activities,
the perceptions of teams involved in these activities is crucial. Marschak suggests
that the value of information produced by an information system, in support of a
decision, is that information’s value to the decision-making team.

The Conceptual Model

WE DRAW UPON THE FOREGOING IDEAS IN SEVERAL WAYS. First, Marschak’s work
supports looking at the decision-maker’s perception of the value obtained from an IS.
Second, Marschak further suggests that, to develop an appropriate IS, the organiza-
tion must consider the degree of risk or uncertainty associated with a decision, as well
as the value of the decision to the organization. Third, all of these authors suggest
that different organizations may obtain different benefits from the same IS applica-
tion. Fourth, based on Porter [28] and Barua et al. [5], the benefit IS contributes to the
organization should be identified and measured at the lower level of the organiza-
tion, where the primary activities take place (see figure 1).

Various factors influence an organization’s operating decisions, primary activities,
use of IT, and perceptions of its managers. These factors include “operational charac-
teristics” related to uncertainty and those related to the impact of a decision on
organizational performance, other organizational characteristics, and environmental
circumstances. The organization itself comprises, among many other things, primary
activities, managers/decision-makers, and information systems. Information-tech-
nology use is a function of the available information technology itself [1, 15, 16, 26]
and how well people believe they can use the technology [13]. The use of the tech-
nology affects, in different ways, the various elements of the organization’s primary
activities. How IT affects these activities depends, in part, on the operating character-
istics of the organization itself (e.g., [34]). These primary activities affect the perfor-
mance of the organization Porter [28]. In addition, the primary activities coupled
with the eventual performance of the organization, through the IS application portfo-
lio, inform management’s perceptions of the activities and the organization’s perfor-
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Figure 1. An Organization’s Operational Environment Colors the Perceptions of Performance
and Value Within It. The use of information technology affects an organization’s primary
activities as well as managers’ perceptions of the value of that technology. Each of the primary
activities in turn affects organizational performance and hence management’s perceptions of
that performance. These perceptions also affect managers’ perceived value of the information
technology.

mance. (The IS applications gather measurements of the results of primary activities
and measurements of overall organizational performance). These perceptions and an
understanding of how the information technology is used in the organization form
the basis for management’s understanding of the value of the information technol-
ogy. Hence, IT’s impact on organizational performance can be understood by evalu-
ating management’s perceptions of IT use when viewed through the lens of the primary
activities. The operational decision becomes an input to a primary activity (or a
chain of such activities); that activity leads to an output that contributes to overall
organizational performance. This model illustrates just how indirect the relationship
is between a low-level operating decision and the impact on organizational perfor-
mance, as suggested by Barua et al. [5].

In this study, we review information systems found in manufacturing organizations in
Israel and the United States. Many studies have looked for a relationship between in-
vestment in IS and the performance of the organization. Some failed to find a relation-
ship between the investment in IS and the performance of the organization (e.g., [22, 36].
Others had difficulty finding a positive relationship [23, 32]. Brynjolfsson [8] called this
phenomenon the “productivity paradox.” Later, Brynjolfsson and Hitt [11] found a
linkage between investment in IT capital and IT labor and the organization’s productiv-
ity. Examining the country level, Dewan and Kramer [17] found a positive relationship
between the level of investment in IT in a particular country, and the productivity of that
country. These findings are very important, since they demonstrate that investment in IT
does provide a positive return on investment. Yet, more investigation is needed to
document the nature of the linkages between IT investment and benefits before these
findings can be useful for information systems planning.
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Research Questions and Propositions

KNOWING THAT THERE IS A POSITIVE RELATION BETWEEN INVESTMENT in informa-
tion systems and the performance of the organization is very important for any con-
sideration of investment in IS. Without this knowledge, there would be no reason to
consider investing in these systems. In this study, look at the use of information
technology (e.g., in decision-making) from two points of view: IT’s impact on man-
agers’ perceptions of organizational performance and on managers’ perceptions of
the value of the technology. We want to explore the following propositions:

1. There is a relationship between organizational operating characteristics
and the benefit, as perceived by a senior manager, the organization may gain by
using an individual IS application.

2. There is little or no relationship between the organization’s operating char-
acteristics and the perceived overall benefit the organization gains by using the
entire IS (all the IS applications portfolio as one entity).

Research Method

A SURVEY OF 310 MANUFACTURING ORGANIZATIONS WAS CONDUCTED in Israel in
1991-92. A survey of 197 manufacturing organizations was conducted in southeast-
ern Michigan in 1997-98. Questionnaires were filled out by interviewers during
structured, personal interviews with senior managers. Table 1 summarizes the demo-
graphics of the samples.

The questionnaire contained three parts. First, senior managers were asked specific
questions about their organization’s operating characteristics (e.g., number of suppli-
ers, relative share of raw materials cost in the cost of the final product, number of
customers, average lead time to customers, number of products, number of produc-
tion lines, volume of sales, and number of employees). Next, they were asked to rank
the benefit their organization gained by using specific IS applications. Finally, they
were asked to assess the overall benefit their organization derived from using the
entire IS application portfolio. The response scale ranged from 1 to 7 (where 1 = very
low benefit and 7 = very high benefit). Ranking the benefit on semantic scales (usu-
ally, but not necessarily, ranging from 1 to 7) is a well-tested method for investigating
the perceived benefit [2]. Still, the limitation of studying the perceived benefit is well
known; it is subjective, since it reflects the value the individual associates with the
information system.

While it is difficult to gauge the real benefit of IS applications, we attempted to
obtain these data. We conducted a pilot survey in several organizations but could not
determine the real benefit the organization gains by using IS because the data on
performance differences, before and after the implementation of an IS application,
were unavailable. Accordingly, we decided to employ the perceived benefit approach.'
The use of two independent samples tends to minimize the problems associated with
using the perceived benefit provided by the respondent. The consistency in results
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Table 1. Sample Demographics

Min. Max. Median Mean St. dev.
Israel

Volume of annual 1 400 33 41.78 39.52
sales ($US million)

No. employees 10 2,400 100 200 321

United States

Volume of annual 1.5 2,200 32 93.9 226.1
sales ($US million)

No. employees K2 35,000 175 578 2,605

found for two unrelated samples may even suggest that “perceived benefit” had a
comparable interpretation in each country. It is highly unlikely that senior managers
in two different countries (and in many different organizations) would have the same
biased perceptions. Therefore, it appears reasonable to conclude that the perceived
benefit is in fact a good estimate of the real benefit.

As a senior manager, the respondent was not only a user of IS but was also able to
ascertain the benefits gained from using IS in different functional areas within the
organization. If we view perceived usefulness as the “degree to which an individual
believes that using a particular system would enhance his or her job performance”
[14, p. 477], then we can assume that a senior manager’s perceived usefulness refers to
the entire organization, and that his or her perceived value of the information per-
tains to its impact on the organization’s objectives. Obtaining responses from senior
managers provides a reliable means to measure the benefits from IS. Based on ANOVA,
we found no significant differences in the benefits perceived based on the respondent’s
role within the organization in both samples.

To avoid bias due to differences among interviewers, a principal researcher trained
each interviewer. First, the candidate interviewer observed the researcher conduct
two or three interviews. Next, the interviewer conducted two or three interviews in
the presence of the researcher, and only then began interviewing independently.
Table 2 summarizes the variables used in this study in the two samples.

Data

STRUCTURAL EQUATION MODELING WOULD HAVE PROVIDED THE MOST EFFECTIVE
estimation technique for a series of separate multiple regression equations estimated
simultaneously. However, in such situations, “theory,” prior experience, or research
objectives allow the researcher to distinguish which independent variables predict each
dependent variable. Since we were unable to justify specific causal relationships
theoretically, and since we had no prior knowledge concerning which operating
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Table 2. Descriptive Statistics for Sample Operating Characteristics

Min. Mean
Operating characteristics (Max.) Median  (St.dev.)

A: Israeli sample

Relative share of raw materials 2% 44% 43.65%
in the cost of the final product (85%) (15.31%)
Number of suppliers 1 45 177
(5,000) (526)
Average number of purchase 1 475 122.5
orders per month (3,000) (249.2)
Lead time for a purchase order 1 373 40.18
(160) (27.93)
Suppliers differences in lead time N/A N/A N/A
Suppliers price difference N/A N/A N/A
Quantity discount N/A N/A N/A
Accumulated quantity discount N/A N/A N/A
Number of customers 1 150 672
(10,000) (1,746)
Number of sales transactions 1 200 1,089
per month (9,999) (2,328)
Percentage of production 0% 82.5% 65.7%
for customers orders (100%) (38.54%)
Average lead time to 1 15 39
customers (in days) (720) (73.91)
Average number of levels 1 3 3.310
in the bill of materials (70) (4.503)
Days raw materials stay 0 60 66.27
at the company (360) (56.80)
Number of production lines 1 4 5.716
(50) (6.478)
Average number of days 1 7 25.83
to complete a work order (540) (49.87)
B: U.S. Sample
Relative share of raw materials 1% 40% 38.05%
in the cost of the final product (80%) (17.25%)
Number of suppliers 2 60 234
(3,000) (493)
Average number of purchase 1 155 439.4
orders per month (5,000) (909.5)
Lead time for a purchase order 1 14 25.54
(180) (27.96)
Suppliers differences in lead time N/A N/A N/A
Suppliers price difference N/A N/A N/A
Quantity discount N/A N/A N/A
Accumulated quantity discount N/A N/A N/A
Number of customers 1 100 1,327
(170,000) (6,842)
(Continued)
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Table 2. Continued

Min. Mean
Operating characteristics (Max.) Median  (St. dev.)
B: U.S. Sample
Number of sales transactions 1 200 10,146
per month (800,000) (80,246)
Percentage of production 0 95 72
for customers’ orders (100) (35.820)
Average lead time to 0.13 21 55.13
customers (in days) (730) (102.87)
Average number of levels 1 3 4.489
in the bill of materials (20) (4.389)
Days raw materials stay 0 20 35.46
at the company (548) (70.82)
Number of production lines 1 6 9.93
(90) (14.38)
Average number of days 1 14 60
(730) (117.1)

N/A = not applicable: dichotomous variable.

characteristics affect the benefit derived from a specific IS application, we used
multiple regression analysis to best represent the dimensionality of the construct in a
parsimonious manner. Multiple regression meets our research objective of providing
a means of objectively assessing the degree and character of the relationship between
IS applications (customer order management and suppliers/raw-materials purchas-
ing) and several operating characteristics of the organization. The assumed relation-
ship is linear association based on the correlations among the characteristics and the
IS applications. The results we find will facilitate theory development and are of
strategic importance for organizations. However, we recommend that future research
improve upon the constructs, by specifying and estimating a structural model includ-
ing hypothesized relationships among not just the IS applications and operating
characteristics we study here, but others that might be investigated.

Prior to model building, we conducted a careful analysis of the data to lead to a
more accurate assessment of dimensionality. Important issues we addressed were
dealing with missing data, identification of outliers, and testing of the assumptions
underlying the multiple regression analysis technique. The complete-case approach
was chosen to deal with missing data; we included only those observations with
complete data. The resulting samples were not reduced to an inappropriate size, as
the extent of missing data was small. We used a multivariate assessment of each
observation across our set of variables to identify potential outliers. The Mahalanobis
D? distance measure identified just a few observations that were significantly differ-
ent in each data set [18]. These outliers were examined and we decided to eliminate
those cases not consistent with the remaining cases.
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Our next step involved ensuring that the data met the assumptions underlying
multiple regression analysis. This is particularly important in our case because of the
complexity of the relationships owing to the use of a large number of independent
variables. In our initial analysis, we observed a few cases with large regression residu-
als unduly affecting the regression estimates. Statistically significant residuals, fall-
ing outside 95 percent confidence intervals, were classified as outliers. Furthermore,
a review of the values for Cook’s distance measure confirmed which observations
were influential and warranted further study based on a rule of thumb to identify
observations with a Cook’s distance of 1.0 or greater [35]. After closer examination,
we determined that all outliers represented unusual observations and decided to
remove them. We ran the regressions without these observations to determine their
effect on the analysis.

Even though large sample sizes tend to diminish the detrimental effect of
nonnormality, we still analyzed the plots to determine whether the assumption of
normality of the error distribution was reasonable for all variables included in our
analyses. Based on a frequency distribution of the standardized residuals, using a
stem and leaf display, we checked for obvious departures from normality. The re-
sidual plots indicated no reason to question this assumption since we observed that
95 percent of the residuals were between +2 and —2. The normality assumption ap-
pears to be more plausible after the outliers were removed. Although the most com-
mon way to assess linearity is to view regression residuals of the variables and identify
any nonlinear patterns in the data, we assess linearity in two ways. First, the linearity
between dependent and independent variables was examined through a visual analy-
sis of partial regression plots. Specifically, partial regression plots allowed us to
examine the pattern of residuals and determine which specific variable(s), if any,
violated the linearity assumption. This is a useful technique since we have several
independent variables. Our plots did not exhibit any nonlinear pattern to the residu-
als, thus ensuring that the overall multiple regression equations were linear. Next, we
examined a multivariate statistical test for linearity to complement the visual exami-
nation of the residual plots; we found no problems. Our analysis again is through an
examination of residual plots to diagnose the presence of unequal variances.
The residuals, analyzed for systematic behavior, showed no pattern of increas-
ing or decreasing residuals. These findings do not provide a basis for rejecting
the assumption of constancy of the residuals across values of the predictor vari-
ables. Therefore, it was not deemed necessary to apply any variance-stabilizing
transformations.

No impact of multicollinearity was evident, based on a diagnosis using the vari-
ance inflation factor (VIF). The VIF values were very small, indicative of low
intercorrelations among variables and inconsequential collinearity; no VIF value
exceeded 10.0. In addition, an examination of the correlation matrix for the inde-
pendent variables did not reveal the presence of high pairwise correlations. That
is, we found no sample correlation coefficients greater than 0.70 for two inde-
pendent variables, which is a guideline warning of potential problems with
multicollinearity [7].

J—
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Variables

USING MULTIPLE REGRESSION ANALYSIS, WE DEVELOP THREE EQUATIONS ShOWing
how organizational operating characteristics are related (1) to the benefit gained by
using “customer order management,” (2) to the benefit gained by using “supplier/
purchasing management,” and (3) to “overall benefit gained by using all IS applica-
tions.” Additional organizational characteristics could have been included in this
study, such as span of managerial control, extent of local/regional autonomy of the
operation, and age of the firm. Yet, since this study is primarily exploratory in nature,
we investigate our propositions using only one category of organizational character-
istics (“operating conditions” as defined by Bartezzaghi and Francesco [4]). Based
on the results, future research might try extending the approach to include other
organizational characteristics.

The customer-orders management system is the application that processes each
customer order (technical specifications, packaging requirements, supply time to
customer, details on long-term contracts like “blanket order,” etc.) from the date the
order was accepted by the organization until the date of delivery to the customer.
Using this application helps the organization supply orders according to the customer’s
specifications, to shorten the supply time, and to provide timely information to
customers about the status of their orders; in each case, the organization can increase
its sales. The suppliers and purchasing application manages all the details regarding
the organization’s suppliers and each raw-materials purchase order helping the orga-
nization plan the purchase of raw materials. This information enables purchasing
managers to evaluate and negotiate with vendors better, helping the organization
obtain better prices for raw materials, minimize inventory carrying costs, and reduce
disruptions to the production process from raw-materials shortages.

Results

THREE ESTIMATED MULTIPLE REGRESSION MODELS WERE USED TO TEST the first
proposition. For each IS application and the overall IS portfolio, ordinary least squares
(OLS) was used to estimate the regression coefficients (b ) in an equation of the form:

Model A: The Customer Management Application Regression
Y =b +b Dummy * Country+b X +b X +..B X +F
1 0 1 252 I | by 1
Model B: The Suppliers and Purchasing Application Regression
Y =b +b Dummy * Country +b X +b X +...B X +E
2 0 1 292 353 MR 2
Model C: The Overall IS Applications Portfolio Regression
S +bI Dummy * Country + BX +b X +...B X +E,

Note that the error terms—E , E,, and E,—in the three models may be correlated
since the same individual at each firm provided the three perceived benefit measures,
and the same independent variables are used in each model. Nonetheless, OLS still
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provides efficient estimates whose values are reliable. The reader should also note
that the respondents’ reports of the benefit from the overall IS portfolio may be
correlated with their reports of the benefits from the two specific applications we
studied. The customers and suppliers applications are part of the overall IS portfolio;
some of the observed variance in ¥, may be explained through the correlated effects
of ¥, and Y,. Still, there are many other applications in the typical manufacturing
firm’s IS portfolio. The impact of only one or two applications on the overall benefit
is likely to be slight. Given the exploratory nature of our study and the lack of any
accepted theory to suggest which operational characteristics might affect the benefit
from a specific IS application, we chose to use simple models that have straightfor-
ward interpretations in a manufacturing setting. As more is learned about the linkages
between operational characteristics and benefits from IS, a more comprehensive model
might be developed.

As shown in the first row of Table 3, we have sufficient statistical evidence to
conclude that the overall regression relationship between using the customer man-
agement application and the suppliers and purchasing application, and the set of
operational characteristics is significant at the 0.05 level of significance (F = 12.73,
p = 0.000; and F = 15.61, p = 0.000; respectively). In addition, R? adjusted = 34.5
percent indicates that the estimated regression equation does a good job explaining
the variability in customer management application and supplier application (R? ad-
justed = 39.8 percent). In each regression equation, the adjusted R? was large enough to
suggest a meaningful relationship between the organization’s operating characteristics
and the benefit derived by using each of the IS applications. These findings offer
support to proposition 1.

The models were fitted with a constant term for its predictive value only, since it
does not have a managerial interpretation. That is, there is no situation in which all
operating characteristics are absent, so the intercept has no managerial use but it does
help generate a more accurate prediction. To determine which of the operational
characteristics contributed significantly to each IS application, a separate #-test was
conducted for each of the characteristics in the models. First, we see in Table 3 that
the relationship between both IS applications and country is significant (t = 2.27, p
=0.024;t = 5.79, p = 0.000). We discuss these results below.

Customers

The “average number of purchase orders per month” (t =2.07, p = 0.039), “lead time
for a purchase order” (¢ =2.48, p=0.014), and “percentage of production for customer
orders” (¢ =11.42, p = 0.000) have significant impacts on the customer order manage-
ment application. The production of customer’s orders depends on the availability of
raw materials. As the lead-time for raw materials lengthens, planning and managing
the percentage of production of customer’s orders become more complicated and
more information is needed. When a company produces for inventory, customers buy
“off the shelf,” eliminating the need for an IS application that helps plan and monitor
customers orders. Thus, the higher the percentage of production for customer’s or-
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Table 3. The Regressions Results for the Benefit the Organization Gains from
Using Individual IS Applications
Customers’ Suppliers’
application application
Significance of the regression F=1273 F=15.61
P=0.000 P=0.000
R? 37.5% 42.6%
R? adjusted " 345% 39.8%
Constant 3.3445 1.8954
10.48 kR 6.8 R
0.000 0.000
Country: 0 = Israel; 1 = U.S. 0.4247 0.9725
2277 5.79 ™
0.024 0.000
Relative share of raw materials 0.006717 0.049865
in the cost of the product 1.43 12.02:0"
0.155 0.000
Number of suppliers —0.0000671 0.0004241
—0.35 255 ***
0.729 0.011
Average number of purchase 0.0006845 0.0003411
orders per month 2.07 *** 1.25
0.039 0.211
Lead time for a purchase order 0.007021 0.011637
2.48 AR 4'65 s d
0.014 0.000
Suppliers’ difference in lead time 0.0477 0.3678
0 = no difference; 1 = difference 0.29 258"
0.771 0.010
Suppliers’ price differences 0.2396 0.1859
0 = no difference; 1.27 1.12
1 = difference 0.205 0.266
Quantity discount 0.0324 0.2838
0 = no discount 0.17 1.70
1 = discount 0.865 0.089
Accumulated quantity discount 0.2229 0.2802
0 = no discount 1:37 1.98™*
1 = discount 0.171 0.049
Number of customers —0.0002229 0.0000189
—0.45 0.41
0.656 0.683
Number of sales transactions -0.001528 0.0000297
per month —1.84 1.49
0.067 0.138
Percentage of production 0.023811 0.001728
for customers’ orders 142 .94
0.000 0.348
Lead time for customer order 0.0018121 0.000996
1.34 0.89
0.182 0.372
(Continueq)
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! Table 3. Continued

Customers’ Suppliers’

application application
Average number of levels 0.06034 0.03063
in the bill of materials 3.65 ™" 2.14
0.000 0.033
Days raw materials stay 0.003263 0.003320
at the company 2047 2/36 **
0.043 0.019
Number of production lines 0.00797 0.000711
0.79 0.08
0.432 0.933
Average number of days to 0.004549 0.000771
complete a work order 258 ™" 0.64
0.010 0.522
N* 379 376

* Observation with missing values were omitted.
*** ¢ statistic is significant at the 5% level.
For each independent variable, within each cell we present the coefficient, ¢ value, and p value.

ders, the more benefits the organization stands to gain from using this application.
Also, as the number of purchase orders per month increases, more information is
needed to coordinate the supply of raw materials with customer orders.

Other characteristics significantly related to customer order management are “aver-
age number of levels in the bill of materials” (¢ =3.65, p = 0.000), “days raw materials
stay at the company” (r =2.04, p = 0.043), and the “average number of days to
complete a work order” (¢t =2.58, p = 0.010). The more levels there are in the bill of
materials, the more complicated are the product and its subsequent production, and
more information is needed. The differential impacts of the other two characteristics
on this application require further study.

Suppliers

Next we examine which operational characteristics were significantly related to the
benefit derived from using the “suppliers and purchasing application” in each sample.
The “relative share of raw materials in the cost of the final product” contributes
significantly to the benefit derived from using this application (¢ = 12.02, p = 0.000).
Since this application may help an organization reduce the cost of raw materials by
about 15 percent, the higher the value of this variable, the higher the potential
savings for the organization. Six other operational characteristics are significantly
related to this application. They are “number of suppliers” (t = 2.55, p = 0.011),
“lead-time for a purchase order” (¢ = 4.65, p = 0.000), “suppliers’ differences in lead-
time” (¢t = 2.58, p = 0.010), “accumulated quantity discount (¢ = 1.98, p = 0.049),
“average number of levels in the bill of materials” (r = 3.65, p = 0.000), and “days raw
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Table 4. The Regression Results for the Benefit the Organization Gains from
Using the Entire IS Applications Portfolio

Significance of the regression 0.010
R? 8.3%
A2 adjusted 4.2%

Constant 41784
14.24 ***
0.000

Country 0.1537
0.90
0.367

Relative share of raw materials 0.003474
in the cost of the product 0.81
0.418

Number of suppliers 0.0003587
245
0.015

Average number of purchase 0.0003382
orders per month 1.22
0.223

Lead time for a purchase order 0.004318
1.66
0.098

Suppliers’ difference in lead time 0/1 0.0958
0.64
0.525

Suppliers’ price differences 0/1 0.2840
1.64
0.101

Quantity discount 0/1 0.3440
1.95
0.052

Accumulated quantity discount 0/1 0.0681
0.45
0.650

Number of customers 0.00000442
0.34
0.734

Number of sales transactions per month 0.0000835
1.19
0.234
(Continued)

materials stay in the firm” (¢ = 2.36, p = 0.019). We offer these explanations. The more
suppliers there are, the more information is necessary to manage all of them. If several
vendors supply the same raw material and there are lead-time differences among the
vendors, more information is needed when planning a purchase order. The same
reasoning holds for the existence of a quantity discount. The more levels that exist in
the bill of materials, the more information is needed to purchase materials and to plan
their timely receipt. Manufacturing organizations can reduce the inventory holding
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Table 4. Continued

Percentage of production for 0.003461
customers orders 1.79
0.074
Lead time for customer order 0.001561
1.35
0.179
Average number of levels in the 0.00740
bill of materials 1.49
0.624
Days raw materials stay at the company 0.001383
0.90
0.367
Number of production lines 0.003734
0.45
0.654
Average number of days to 0.002540
complete a work order 2.09 "**
0.037
N* 393

* Observation with missing values were omitted.

*** ¢ statistics is significant at the 5% level.

For each independent variable, within each cell we present the coefficient, ¢ value (in italics), and
p value (in bold).

costs (financing, storing, insurance, etc.) by about 25 to 30 percent using computer-
ized information systems [31]. Therefore, the more days the raw materials inventory
remains in the organization, the higher the potential cost savings. When quantity
discounts apply, more options must be evaluated when planning a purchase order.

Furthermore, we found that country, measured as a dichotomous variable (0,1), was
related to the benefit derived from using the customer management and supplier
applications. Specifically, the expected benefit from using both applications is greater
for the Israeli sample than for the U.S. sample. These differences may occur because of
general differences between the countries [20], the potential differences between
businesses in the United States and those in Israel with respect to the way they do
business, the time periods in which the samples were obtained, or some other factor.
Despite these actual and potential differences, we obtained meaningful regression
results across the two countries.

Overall IS Applications Portfolio

Table 4 presents regression results relating the operational characteristics to the ben-
efit from the overall IS portfolio. There appears to be no meaningful relationship
between the portfolio of IS applications and the organizational operating character-
istics we studied. Although the regression is significant (F = 2.01, p = 0.01), the
adjusted R? is only 4.2 percent. With 393 observations, we were able to detect only a
weak link between operational characteristics and the benefits from the overall IS
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portfolio. Since we used a broad set of operational characteristics that are likely to
affect many IS applications beyond customers and suppliers (inventory control, pro-
duction scheduling, shop floor control, and others), this result supports our second
research proposition.

The benefits that IS provides the organization accrue largely by adding value to
primary activities at lower levels within the organization and depend on the
organization’s operating characteristics. These operating characteristics can be used
to plan the implementation of an individual application but not to predict the benefit
to be obtained from the overall IS application portfolio. Our results do not suggest
that there is no benefit to be obtained from the overall IS portfolio, just that the
organization’s operating characteristics do not help much in explaining that benefit.
As Marschak [25] suggests, organizations and researchers should look for the poten-
tial benefits from IS through the lens of each organization’s particular operating
environment. Our findings indicate that this search for benefits should occur at the
level of the individual application. We recognize that our findings are not detailed
enough to enable an organization actually to evaluate each IS application; at best
our regression equations explain less than half the variation in the data. More re-
search is needed on this topic. For example, one might investigate other organiza-
tional characteristics not studied here or assess the impact of organizational
characteristics on IS applications using a structural equation model. These and other
extensions of our study can provide organizations with better insights into their IS
investment decisions.

Conclusion

WE LOOKED AT 310 MANUFACTURING ORGANIZATIONS IN ISRAEL and 197 such
firms in the United States. We found significant relationships between the
organization’s operating characteristics and the benefit the organization derives from
using individual IS applications, but we found only a weak relationship between the
same organizational characteristics and the benefit the organization derives from
using the entire IS applications portfolio. Our findings are consistent with the sug-
gestions presented by Barua, Kriebel, and Mukhopadhyay [5].

Despite differences between the two countries in the expected level of benefit from
using each of two specific IS applications, a meaningful relationship was found
between operational characteristics and the benefit from each application when we
looked at the combined sample. The fact that the approach is supported by two
independent samples strengthens the approach and creates many opportunities for
both practitioners and academic researchers. Obviously, each organization may gain
different benefits from using each specific IS application as a function of the
organization’s operating characteristics. In addition, IS planning must consider the
lower levels of the organization, close to the activities on the shop floor, as was
suggested by Porter [28] and by Barua et al. [5].

For academic researchers, this study can potentially open a new stream of research.
While organizational characteristics are clearly related to the benefit the organiza-
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tion may derive by using individual IS applications, the characteristics reviewed in
this study fall short of providing a complete explanation of the benefits organiza-
tions can potentially obtain. We suggest that future research efforts focus on other
factors that influence these benefits. By identifying these parameters, organizations
will be able to plan the investment and implementation of information systems in a
way that will lead to better utilization of the information systems.

NOTES

Acknowledgment: The authors gratefully acknowledge the help provided by Toni M. Somers, the
editors of the special issue, and two anonymous reviewers.

1. Optimally, the data on the firm’s benefit from using IS would come from some objective
sources, and indeed there are studies that base their findings on objective performance measures
such as organization profit, return on investment, and the like (e.g., [10, 12]). These measures
were collected from published financial reports, which required a focus on companies whose
financial reports are in the public domain. Consequently, the samples consisted of firms that were
very big, generally Fortune 500 firms. Since we wish to obtain information from companies of
varying size, and since smaller companies are generally privately held, many of the firms in our
sample do not have financial reports in the public domain. Thus, we trade the possibility of
obtaining objective information on performance for the additional breadth in our sample associ-
ated with using companies that are not public domain.

REFERENCES

1. Adams, D.; Nelson, R.; and Todd, P. Perceived usefulness, ease of use, and usage of
information technology: a replication. MIS Quarterly, 16,2 (June, 1992),227-247.

2. Ahituv, N. Assessing the value of information: problems and approach. Proceedings of the
Tenth International Conference on Information Systems (December 1989), Boston, pp. 315-325.

3. Applegate, L.; McFarlan, W.; and McKenny, J. Corporate Information Systems Manage-
ment: Text and Cases, 4th ed. Chicago: Irwin, 1996.

4. Bartezzaghi, E., and Francesco, T. The impact of just-in-time on production system perfor-
mance: an analytical framework. International Journal of Production Management, 9, 8
(March1989), 40-62.

5. Barua, A.; Kriebel, C.; and Mukhopadhyay, T. Information technology and business
value: an analytical and empirical investigation. Information Systems Research, 6, 1 (March
1995), 3-23.

6. Benbasat, 1., and Taylor, R. The impact of cognitive styles on information system design.
MIS Quarterly, 2,2 (1978), 43-54.

7. Billings, R.S., and Wroten, S.P. Use of path analysis in industrial/organizational psychol-
ogy: criticisms and suggestions. Journal of Applied Psychology, 63, 6 (1978), 677-688.

8. Brynjolfsson, E. The productivity paradox of information technology. Communications of
the ACM, 12 ( December 1993), 67-77.

9. Brynjolfsson, E., and Hitt, L. Beyond the productivity paradox. Communications of the
ACM, 41 (1998), 49-55.

10. Brynjolfsson, E., and Hitt, L. Paradox lost? firm-level evidence on the returns to informa-
tion systems spending. Management Science, 42,4 (1996), 541-558.

11. Brynjolfsson, E., and Hitt, L. Information technology as a factor of production: the role of
differences among firms. Economics of Innovation and New Technology, 3, 4 (1995), 183-200.

12. Brynjolfsson, E. and Hitt, L. Is information systems spending productivity? new evidence
and new results. Proceedings of the Fourteenth International Conference on Information Sys-
tems, Orlando (December 1993), pp. 47-64.

13. Compeau, D.R., and Higgins, C.A. Application of social cognitive theory to training for
computer skills. Information Systems Research, 6, 2 (June 1995), 118-143.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissionyaanw.r



194 RAGOWSKY, STERN, AND ADAMS

14. Davis, F. User acceptance of information technology: system characteristics, user percep-
tion and behavioral impacts. International Journal Man-Machine Studies, 38 (1993), 475-487.

15. Davis, F. Perceived usefulness, perceived ease of use, and user acceptance of information
technology. MIS Quarterly, 13 (September 1989), 319-340.

16. Davis, F., Bagozzi, R., and Warshaw, P. User acceptance of computer technology: a com-
parison of two theoretical models. Management Science, 35, 8 (August 1989), 982—1003.

17. Dewan, S., and Kramer, K. L. International dimensions of the productivity paradox.
Communications of the ACM, 41, 8 (1998), 56-62.

18. Dillon, W.R. and Goldstein, M. Multivariate Analysis: Methods and Application. New
York: Wiley, 1984.

19. Ghani, J. Task uncertainty and the use of computer technology. Information and Manage-
ment, 22 (1992), 69-76.

20. Hofstede, G. Motivation, leadership, and organization: do American theories apply abroad?
Organizational Dynamics (Summer 1980), 42—63.

21. Johansen, J.; Karmarkar, U.; Nanda, D.; and Seidmann, A. Business experience with
computer integrated manufacturing: empirical implications for industrial information systems.
Journal of Management Information Systems, 12, 2 (Fall 1995), 59-82.

22. Jonscher, C. Information resources and economic productivity. Information Economics
and Policy, 1,1 (1983), 13-35.

23. Kauffman, R.K.; and. Weill, P. Evaluation framework for research on the performance
effects of information technology investment. Proceedings of the Tenth International Conference
on Information Systems, Boston (December 1989), 377-388.

24. Marschak, J. Elements for a theory of teams (1955). In Economic Information, Decision,
and Prediction: Selected Essays, vol. 2. Boston: D. Reidel, 1974, pp. 63-76.

25. Marschak, J. Problems in information economics (1965). In Economic Information, Deci-
sion, and Prediction: Selected Essays, vol. 2. Boston: D. Reidel, 1974, pp. 126—-164.

26. Moore G., and Benbasat, I.. The development of an instrument to measure the perceived
characteristics of adopting and information technology innovation. Information Systems Re-
search, 2,3 (September 1991), 192-222.

27. Morell, J.A., and Fleischer, M. Use of office automation by managers: how much and to
what purpose? Information and Management, 14 (1988), 205-210.

28. Porter, M.E. Competitive Strategy. New York: The Free Press, 1985.

29. Porter, M.E., and Millar, E. How information gives you competitive advantage. Harvard
Business Review, 63, 4 (July—August 1985), 149-160.

30. Salvatore, D. Managerial Economics. New York: McGraw-Hill 1989.

31. Schlack, M. IS has a new job in manufacturing. Datamation (January 15, 1992) 38-40.

32. Sethi, V.; Hwang K.T.; and Pegels, C. Information technology and organizational perfor-
mance. Information and Management, 25 (1993) 193-205.

33. Shannon, C.E., and Weaver, W. The Mathematical Theory of Communication. Urbana, IL:
University of Illinois Press, 1949.

34. Straub, D., and Wetherbe, J. Information technologies for the 1990s: an organizational
impact perspective. Communications of the ACM, 32, 11 (November 1989), 1328-1339.

35. Tabachnick, B.G., and Fidell, L.S. Using Multivariate Statistics, 3d ed. New York:
HarperCollins, 1996.

36. Weill, P. The relationship between investment in information technology and firm perfor-
mance: a study of the value manufacturing sector. Information Systems Research, 3 (1992), 307—
333.

37. Weston, F.E., Jr. Weighting “soft” and “hard” benefits of information technology. Manufac-
turing Systems, 11,7 (1993), 120-121.

Reproduced with permission of the copyright:owner. Further reproduction prohibited without permissionyypany .|



