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ECONOMICS AND MANAGEMENT INFORMATION SYSTEMS

CHARLES H. KRIEBEL
Graduate School of Industrial Addinistration

Carnegie-Mellon University

and

JEFFREY H. MOORE
Graduate School of Business

Stanford University

ABSTRACT

Without exaggeration the basic challenge of management is
economics: how to choose to employ scarce productive
resources to accomplish limited objectives effectively. It is
well recognized today, and increasingly so in post-industrial
societies, that information, broadly defined, is a strategic
economic resource that must be managed if it is to be
productive. A comprehensive literature has developed .in the
discipline of economics which concerns information,
information systems and information-related phenomena of
import to management and the development of management
information systems (MIS). Although this literature is vast,
this overview attempts to relate some of this work to MIS and
MIS research. We highlight results in three general areas:
1) those which concern the effect of information upon economic
markets external to the firm; 2) those which concern issues
of information and its relation to decision making and the
internal organization of the firm; and 3) those which concern
questions of allocation and control of information resources
within the firm. In particular, attention will be directed to
interpretation of the major results related to the effect of
information upon markets and upon individual decision making,
team theory, agency theory, decomposition theory, resource
allocation and pricing, incentives, and information
evaluation.

INTRODUCTION to the firm; 2) those which concern
issues of information and its relation to

Although the now classic MIS research decision making and the internal
article by Mason and Mitroff (58) organization of the firm; and 3) those
highlighted the importance of which concern questions of allocation and
understanding both behavioralist and control of information resources within
rational-economic viewpoints in the the firm. Although the relevant economics
conduct of MIS research, there has been literature encompassed by these three
considerably more emphasis on the former areas is vast, we will attempt to

in current work. However, the MIS highlight some of the salient results
researcher interested in economic issues relevant to MIS researchers and
is faced with a vast amount of published practitioners attempting to integrate
research by economists in a bewildering these aspects of economic theory into
number of topical areas. In an attempt to their thinking about MIS. Necessarily,
rectify the problem, this paper examines commentary will be brief and interested
some of the major themes in economics readers are referred to the articles
which we believe are not only relevant to listed in the bibliography to obtain

scholars interested in MIS research, but better understanding of the mathematical
also to practitioners interested in models employed by economists in these
understanding economic issues and their areas.
application to MIS. Our presentation will
center on results in three general areas: The paper is organized as follows.
1) those which concern the effect of After providing some background material,
information upon economic markets external attention is directed to the first general
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area, namely the effect of information on non-technical, but abstruse, book is full

exchange economies and production of economic ideas useful for theories of
economies. This is followed under the MIS. In particular, Arrow develops
second general area by consideration of analogies between information channels and
the economics of information applied to managerial decision making by considering
individual decision making within the an information system as a form of channel
firm, which is then extended to the involving irreversible managerial
multi-person case under the topic of investment in its.development and whose
organizational design. Within intended use is in the context of highly
organizational design, consideration is uncertain payoffs. He conjectured that in
given to team theory and a variation of it such a context the private incentive of
known as decomposition theory. The second decision makers to invest in new
general area concludes with a summary of "channels" may be very low relative to the
relevant game theoretic models and their potential organization-wide benefits of
implications for MIS research. Finally, its deployment. If one considers an MIS
the third general area focuses upon to be a kind of "channel" the analogy is

pricing and incentive issues in allocating quite suggestive of further MIS reserach
and controlling formalized MIS services ideas.
within the firm.

A useful non-technical framework for
examining the relationship of information

BACKGROUND to economic decision making is found in
Marschak (55). This surprisingly

In order to fully appreciate recent prophetic article first identified
research in the economics of information societal trends toward the "knowledge
and its application to MIS one must first economy" and devel oped in a
have clear understanding of the framework straightforward way the jargon frequently
embedded in the traditional competitive associated with the information economics
market model at the level of an area. Indeed, much of today's research in
intermediate micro-economics text. economics of information can be traced to
Although many textbooks would qualify as the pioneering work by Marschak in this
background reading in this area, a very and other articles by him (52, 53, 54, and
useful and appealing presentation is given 57).
in the first few chapters of Sharpe (80)· Readers interested in a useful
This text summarizes much of conventional discussion of some of these fundamental
micro-economic theory and gives an economic issues, applied specifically to a
interesting application of it to the computer related problem, are referred to
economics of computers. Unfortunately, Emery (25). Finally, a theme of research
much of the data on computers utilized in involving empirical study of mamagerial
this text is dated. decision making in economic contexts with

the use of alternative information systems
Another framework important in is summarized in Dickson et. al (20).

understanding the economics of information This collection of studies shows how some
is provided by what has come to be called simple ideas related to economics of
"communications theory", based upon the information can be useful in developing
pioneering work of Shannon (79). Useful MIS research themes in this area.
notions related to information encoding
and channel capacity are presented there.
Although communications theory per se has EFFECT OF INFORMATION UPON ECONOMIC
not had significant impact uponm research MARKETS
themes in the economics of information,
Shannon's ideas embodied the first attempt An ongoing theme in current economics
to quantify information content and literature involves models of a
methods of encoding information to achieve competitive economy in which information
a given level of reliability. Much of the is explicitly treated endogenously.
terminology associated with communications Although these models are often
design originated with this work. mathematically complex, the underlying
However, Shannon-oriented theories ignore motivations are quite straightforward: to
the crucial value-of-information question examine the effect of information upon
by tacitly assuming that all.information efficiency and allocation issues within
is equal-valued to the decision maker, an the traditional competitive market
unduly restrictive assumption. While this framework. One example of this is found
might be useful for the engineering design in Ackerloff (1) who examined the 1
of reliable and efficient communication misallocations that can occur when sellers
channels, it remained for Arrow (7) to and buyers have differential information
extract meaningful interpretations of it about the "quality" of products. In
in the context of decision-making economic particular, he demonstrates the Paretotheorypand organizations. This

inferior movements that are made in a
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competitive economy when buyers have better off in terms of their expected
incomplete information, concerning the wealth after revelation of the public
true state of traded commodities. In this information. In addition, because most of
case a Pareto inferior movement means that these results depend critically on the
at least one person, the buyer, is worse assumption of homogeneity of traders'
off after the trade than before. prior beliefs (prior to the revelation of

information), one must very carefully
In the context of "pure exchange" define the assumptions relevant to how

economies in which no production of goods information affects decision making.
occurs, considerable research has been
directed at the impact of the information More important to MIS research, is the
on market equilibria. Development of the ancillary development in these models of
theory can be found in, for example, the distinction between the private and
Hirshleifer (37) and Ng (66). Marshall social value of information. Both
(57) provides a good summary of this Hirshleifer and Marshall emphasize this
research. Although models differ, the distinction. It can be shown in these
underlying theme is that in a models that even though the public
State-preference model of a pure exchange revelation of information is socially

economy the public revelation of valueless, there is nevertheless an
information, even if costlessly obtained, expected gain ex ante to an individual
is at best socially valueless. While this wishing to acquire the same information
may seem surprising, the underlying privately. That is, there is no value to
rationale is reasonably clear: under a publicly releasing the information, but a
linited definition of social welfare, single self-serving individual could
involving consideration of Pareto superior obtain benefit from privately acquiring
movement in the competitive equilibrium, the same information and using this
if information is publicly disclosed about informational advantage to condition his
uncertain future or otherwise unobservable trading prior to everyone else learning
"states of the world" prior to trading, it. The insidiousness of this result is
then at least one trader Will be made clear; if there is private gain to a
strictly worse off than he would be if trader by.acquiring information, then all
trades were effected prior to the traders will invest in information systems
uncertain future state but without the to obtain signals about uncertain but
information. Moveover, those (rare) relevant states of the world. However, if
situations in which public information is everyone obtains this information then it
released yielding a net (windfall) gain to becomes "public" and therefore at best no
all traders occur on17 in the economically improvement occurs and society is the
uninteresting case in which no change in loser from excessive investments in MIS.
t r a d i n g o c c u r s over t h e It is important to note that this result
no-public-information case. Since public holds even if there are "insurance"
information is never completely costless markets allowing (risk-adverse) traders to.
to obtain in practice, society is made hedge against the occurrence of
strictly worse off, even in the windfall undesirable states of the world. If such
case, because resources must be devoted to hedging is (costlessly) allowed then the
gathering and disseminating the public release of potentially adverse information
informationt harms no one (in an ex ante sense), since

everyone is "insured' , but society is out
While this result may not at first be the cost of the information gathering

considered relevant to MIS in process itself. Again, these results
organizations, it clearly does highlight appear to hinge critically upon two
several non-obvious issues related to the assumptions: homogeneous beliefs by
impact of information. First, one must be traders about states of the world (all
careful in defining criteria when dealing traders have the same probability
with the impact of information; the distributions over states) and the absence
non-usefulness of public information of productive technology (no production of
result hangs critically on the common goods is conditional on the information).
assumption by economists that
interpersonal comparisons of These latter results have direct
"well-offness" among undominated economic implications for MIS in organizations.
equilibria are not considered. Public First, these models suggest that the
information is "valuable" only if a Pareto development of MIS in the public sector
superior movement in the competitive for the accumulation and disclosure of
equilibrium occurs. That is, if the "public information" is not necessarily
revelation of public information would always desirable, at least under the
make at least one person worse off in his restrictive Pareto dominance criteria.

trading prospects, then the information is Second, these results highlight a notion
considered socially harmful by economists which has much broader implications for
even if many other traders would be made MIS; namely, that there may be in
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practice substantial differences in the INFORMATION, DECISION MAKING AND INTERNAL
private incentives by managers to acquire ORGANIZATION
additional information for decision making
from that which is more broadly or INDIVIDUAL DECISION MAKING
socially desirable. The implications for
the over investment in MIS are obvious and The impact of information upon
there may be direct parallels between decision making by a single individual is

these results as applied to, for example, now a common topic in management science
a divisionalized organization in which the textbooks. Since most management science
individual managers from their narrow textbooks treat topics, such as Bayesian
pers pective have incentive to invest revision and the expected value of perfect
excessively in MIS in light of what is information, they will not be surveyed
best from overall organizational here. However, useful summaries of this
objectives. and related ideas can be found in Marschak

(52), Stigler (89) and Arrow (5)·
On the other hand, more recent Discussions of the behavioral impact of

research in this area has produced information in economic decision making
counterexamples which challenge the social can be found in Simon (81,82), while an
uselessness of information result, even in interesting empirical application of the
the case of pure exchange economies. impact of information upon economic
Models developed by, for example, decision making can be found in Chervany
Verrechia (93) and Ohlson (71) focus upon and Dickson (12).
the homogeneity of beliefs assumption in
these early models. Verrecchia has shown, Less well known in the individual

for example, that in the context of decision making literature and of
"sufficiently heterogeneous" beliefs that immediate relevance to MIS researchers is
the result does not hold. Moreover, it is the work on comparisons of information
commonly agreed that in an economy structures. Seminal contribution to this
involving production, as well as exchange, literature was make by Blackwell (9), but
in which the revelation of information can since it was published in a statistical
affect not only trades but also productive journal, its relevance to economics and
opportunities, that public information MIS went largely unnoticed until recently·
need not be socially valueless· However, Although not explicitly documented, as
even in this context there are likely to such, in the information literature. A
be differential incentives to acquire concise, readable summary of it is given
information from what is socially
optimal.

by McGuire (60) for the case of discrete
signals. Marschak and Miyasawa (50)
present the full theory with some

In a contrasting vein, Wilson (95) extensions, the reading of which requires
developes several simple models to considerable mathematical dexterity·
illustrate how the acquisition of
information can dramatically affect Essentially, Blackwell views an
outcomes when production of goods can information system (structure) as a device
occur. In a novel approach to formulating which produces "signals" about

models, he demonstrates that under unobservable states of the world to a
uncertainty a producer faced with a decision maker. He then incorporates this

constant returns to scale productive signalling, via the information system,
technology could nevertheless through the into a Savage-rational model of decision
acquisition of information exhibit in the making in the standard way. In this

marketplace economies of scale. That is, context the function of the information
the combined affects of production and signal is to modify the decision maker's
information permit the organization to unconditional prior probability over which
achieve economies of scale even if the of the states will obtain by conditioning
underlying production technology has no on the observed signal. This is then used
such economies. The implications of this to calculate expected payoff over
and similar models to our understanding alternative actions, given the observed
the role of MIS are obvious and this is a signal, so as to determine the payoff
fruitful area for further studies. maximizing action given the signal.
Interested readers are also referred to Blackwell assumes that the dexision maker
Hurwicz (38) and Alchian and Demsetz (2) must select one of several alternative
who have developed, somewhat technically, signal generating information systems
additional models illustrating the before observing the specific signal. To

richness with which information can affect do this the payoffs resulting from the
the comparative statics of economic optimal actions, given the possible
models. signals that could be generated from each

of the alternative information systems,
are weighted by the decision maker's prior
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probability of observing the signals in research into organization design from the
order to compare the relative payoff of sociologists by viewing organizations
the alternative information structures. primarily as formalized, impersonal, goal
This allows the decision maker to rank seeking systems which, under
order the information structures according decentralization, can be parti tioned into
to the expected payoffs derived from a collection of goal seeking subsystems
utilizing them. Blackwell then goes on to according to some rules of hierarchy. The
ask the question "Under what conditions thrust in this research has been to
can alternative information structures be examine models of such organizations from
rank ordered without going through the a normative perspective so as to, for
process of determining payoff maximizing example, examine effects of alternative
decisions for each candidate structure7." hierarchies upon the problem of
In addressing this he develops the notion coordinating the interacting subsystems.
of "fineness" of an information structure. In this more narrow economics arena,
Loosely speaking, one (costless) organizational design refers to the
information structure is finer than application of economic theory in
another if the first structure yields a multi-person organizations in which the
more precise description of which of the effect of markets, if any, is indirect or
states will occur than the second. Not minimal. The operative question is "What
all information structures can be ranked structures and decision making procedures
by the fineness criterion. Basically, his should be adopted in order to make
theorem establishes that one information rational decisions, in some sense, in the
structure is generally preferred to absence of complete markets?". Background
another if it can be shown to be finer. reading in this area can be found in
While this is intuitively obvious (the Hirshleifer (34,35,36), Hurwicz (38,39,40)
finer structure tells you as much and and Arrow and Hurwicz (6). Advanced
possibly more about which of a set of treatment of the economics of internalstates has occurred), the value of organizations are given by Spence (88),
Blackwell's Theorem is the concrete Stiglitz (90), and reading in McGuire and
operationalization of the concepts Radner (59). More broad base and less
employed. In addition, the real practical mathematical treatment of the
value of Blackwell's Theorem appears to be philosophical issues related to the
those situations when it does not apply. economics of organization design can be
The MIS implications of this case are found in Williamson (94), Grochla and
developed in detail elsewhere, Moore Szyperski (29), Heal (30), Galbraith (27),
(64). and Marschak (56). Most of these authors

attempt to address organizational design
ORGANIZATIONAL DESIGN from two perspectives: 1) that of

organizational design as regards
Organizational design refers to the centralization versus decentralization

class of problems in which the with particular emphasis upon
organizational structure itself is treated specialization and incentives in
as a controllable variable which is decentralized environments and 2) resource
causally related to organizational allocation in decentralized organizations.
performance by some criteria. Although More will be said about resource
there has been no definitive work in allocation in a subsequent topic.
addressing the 0211211 design of
organizations even in the economics Decentralization is of interest to MIS
literature, the models which have been because in almost all cases authors have
developed in organizational design have defined decentralization in terms
direct and immediate implication for MIS. critically related to information
Organizational design is a somewhat economics. That is, firms are viewed as
confusing rubric, largely because there is decentralized if discretionary decision
a considerable body of sociological making authority is delegated to
literature which examines the behaviorally subsystems within the organization, there
oriented aspects of the design of is some degree of informational autonomy
organizations. Useful background reading among the subsystems and, finally, that
of this literature is essential if MIS the decision made by one subsystem
researchers are to intelligently apply the influences the goal attainment by other
economics of information models related to subsystems. Organizational design'
organization design. Background reading theories encompass a wide range of
on the behavioral aspects of alternatives from the somewhat
organizational design can be found in uninteresting case of a fully centralized
Cyert and March (15, 16)· An extensive organization, which contains no
summary of recent work in this area can be subsystems, to the fully separable
found in Moore (65). organization in which identifiable

subsystems do not interact. The interest
Economists have differentiated their in these models from an MIS perspective
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stems from the fact that these models much of the work has been unified in a
necessarily identify quite concretely the book by Marschak and Radner (51). An
nature of the information flows, example of an interesting team model would
distributed computation, managerial be one in which agents in a decentralized
incentives and detailed bureaucratic organization each independently observe,
procedures as components of the via an MIS, noisy signals relevant to
organizational design process. That is, their own economic environment, but the
although the motives of economists have environments are correlated such that
been to compare organizational designs or intelligent "sharing" of the observed
to address resource allocations, the information could through cooperation
informational "byproducts" of these models improve oprganizational payoff over what
are of considerable interest in developing each of the agents would genetrate acting
theories of normative MIS design which can autonomously. The major question in this
stand the test of rigor. Furthermore, case is "What should be observed and what
many of these alternativs models have should be communicated (two central
proven to be sufficiently rich in questions of any MIS design) in order to
structure to capture one or more optimally, in some sense, make
observable tenents of actual managerial decisions?". An interesting, if
behavior in organizations, at least as it oversimplified, example of such a team
pertains to formalized decision making theory model can be found in Radner (73).
procedures. For example, versions of In this model Radner examined the relative
these models can not only illustrate but value of s e v e r a l alternative
demonstrate the optimality of the need for organizational designs, such as fully
increased communication as organizations autonomous decision making, complete
with high interaction among subsystems communication among agents, partitioned
decentralize their decision making. More communication, decision by committee and
importantly, the exact nature of the management by exception cases. All
messages among various subsystems and the involved alternative information
signals from the environment, as structures for observation and
components of the MIS, are operationally communication in a simple organizational
defined and their economic value can be setting for a single time period. An
imputed in some cases. Although interesting application of similar
organizational design models have been concepts in team theory to empirical
largely ignored by MIS researchers, there research can be found in MacCrimmon (49).
have been many specific models proposed
which are relevant. For e xpository The mathematical programming approach
convenience alone, a game theoretic to organizational design is closely
paradigm will be offered to examine related to team theory and is based in
organizational design. Team theory and concept on the decomposition of
decomposition theory will be used to mathematical programs as representations
illustrate cooperative game models, while of the fundamental decision making problem
a brief discussion of incentive compatible faced by a decentralized organization.
models and agency theory will be used to The approach taken in this literature is
illustrate applications of non-cooperative to examine alternative ways of breaking
game theory. down the overall problem faced by the

organization into a series of smaller
Team theory was originally developed problems whose composite solutions yield

by Marschak (53,54). Marschak defines an the solution to the overall organizational
organization to be "a group of persons problem. MIS interest in this approach is
whose actions agree with certain rules stimulated by the organizational
that further their common interests" and a implications drawn from the alternative
team as "an organization in which its methods of breaking down or, more
members have only common interests." That precisely, decomposing the overall
is, team theory models 1) eliminate problem. That is, if the overall problem
non-cooperative behavior from multi-person can be decomposed in alternate ways, each
organization models, concentrating instead of which induces a diffe rent
upon the design of communication networks organizational structure, then the problem
and the specification of decision rules of organizational design is to evaluate
for the agents in a decentralized the desirability of one versus another of
organization when scarce resources must be these decompositions. Again, from an MIS
allocated to competing uses; 2) assume standpoint these decompositions are of
the goal of the organization is interest primarily because of the
expressible as a single non-separable iterative solution procedure commonly
objective function; and, finally, 3) associated with decomposition models.
assume uncertainty in environmental After each iteration information must be
variables affecting outcomes is present. communicated among subordinate agents and
Example·models incorporating these ideas between subordinate agents and a superior
can be found in Radner (72,73,74) while in order to begin the next iteration. The
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analogy between these models and concepts Zeckhauser (87), Amershi (3), and
of management control and coordination via Mirrelees (61). Incentives and incentive
information and communication systems is compatible control of decentralized
obvious. organizations in this context have been

studied by Groves (30), Loeb (48) and
Background reading in this area can be Demski and Feltham (18). The interesting

found in Batimol and Fabian (8), Burton and case of a collection of principals without
Obel (11), Ruefli (77) and Jennergren necessarily identical tastes who must
(41). MIS readers of this literature must reach a common decision under uncertainty
be careful to see beyond the narrow was studied in a seminal study by Wilson
resources allocative focus of these models (96).
in order to concentrate upon the normative
MIS implications. A specific example of While there are insights useful for
how these models can be utilized to MIS in examining these models, there would
evaluate alternative information systems appear to be numerous areas in which the
is given by Freeland and Moore (26). In models themselves could be applied in
this model it was shown that a highly further understanding MIS related issues.
plausible and intuitively appealing For example, the application of agency
information system in which subordinate theory of incentive compatibility models
agents communicate "bids" for desired to. the contracting for software

resources can be shown not to work in the development or to the design of MIS
sense that the overall organizational systems themselves fits nicely with the
problem would never be solved unless a assumptions commonly employed in these
richer information system were utilized. theories. Extensions of these and similar
By richer it is meant that non bid-related models to the case of the single principal
messages must be allowable for the imposed and multiple agents are currently underway
coordination to be effective. An and could provide a richer context for
empirical application of decomposition modeling information systems in
theory to study the effects of alternative hierarchical organizatons.
information systems can be found in Moore
(62).

ALLOCATION AND CONTROL OF INFORMATION
Non-cooperative game theory makes the SYSTEMS

same assumptions as in team theory except
that the agents do not share a common Information systems for management, as
goal, thereby inducing non-cooperative well as other environments, require

behavior. Fundamental background reading investments in resources. This fact

is, of course, von Neumann and Morgenstern immediately raises questions regarding how
(97). Although the published literature the use of these resources should be
in non-cooperative games is sizeable, one allocated and controlled within the firm.
segment of it, agency theory, is of Typically, such questions focus on the
immediate relevance to MIS. Agency theory formal information systems in existence or
considers the special case of two, or under consideration and the organizational
possibly more, individuals in which one unit, such as an EDP or MIS department,
individual, the principal, hires another "officially" assigned the primary
individual, who possesses technology or responsibility for providing information
expertise, to act as his agent in the processing industry, the output of an IS
conduct of some decision making task. department is an intermediate means to
Since it is assumed that the agent does some other.'final purpose of the consumer
not necessarily share the same objectives or principal in the firm. For example, an
as the principal, these models cover a IS report provides the basis for a
wide range of practical situations. management decision. Thus, it is
Furthermore, in most cases the principal well-recognized in principle that the
is unable to completely be informed about "true costs" of IS are those incurred
some aspect of the agent's problem, such indirectly through the realized or lost
as his utility function or the exact opportunities of the consumers, and as
nature of the resources or expertise such, they are "hidden" from the

offered by the agent. The goal in agency accounting system in place. Nonetheless,
theory is often to establish contracts resource allocation and control in
which induce incentives for the agent to practice usually translates into

act in complete accordance with the monitoring, estimation and recovery of

preference of the principal, despite direct costs. Many of these direct costs

initially conflicting objectives, or to are relatively fixed (e.g., physical
devise penalty or sanction schemes to equipment and labor), although a number of
prevent decision making by the agent which them do vary with IS output and some

would not be in the interests of the outputs are discretionary (e.g., systems
principal. useful references in this area development).
are given by Ross (75,76), Spence and
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In a series of articles (17, 28, 69, Under the normal assumptions on
70) Nolan has surveyed contemporary EDP "well-behaved" demand and cost functions,
administrative practices by a number of the optimal pricing and investment policy
organizations, especially management may be characterized as follows, In each

policies with regard to control. For period where capacity is not binding,
example, despite recognition that IS is a produce the amount demanded and set price
support function and the IS department is equal to marginal variable costs at total
a cost center, in some firms EDP is output. The difference (or present value
organized as a profit center; in other of the difference) between a "market
firms EDP costs are allocated as (pure) clearing price" based on the aggregate
overhead. Nolan hypothesizes that the (inverse) demand function and the marginal
supply (or availability) of EDP services variable cost at a given output level (and

in an organization experiences different in a given period) can be interpreted as
and distinct "stages of growth" (28,70) in the marginal opportunity cost (or value)
response to various characteristics of of capacity at that output level (and time
user demand and the environment. To period). When there is slack, this
manage EDP effectively, he advocates that marginal (opportunity) value is zero· In
control policies as reflected by chargeout each period where capacity is binding, set
systems or resource pricing, should be total output at capacity and set price
flexible and adapt to the conditions of a equal to the marginal variable cost at
given stage· For example, management capacity plus the future worth of the
might subsidize prices during early growth marginal (opportunity) value of capacity
and full-cost or monopoly price services for that period. The investment criterion
in excess demand stages to contain is to purchase capacity up to the point
expenditures. Under a chargeout system a where total marginal (opportunity) value
customer is charged for service on a of it is equal to its marginal (purchase)
job-by-job basis according to some formula cost over the planning horizon.
as a function of resources used and unit
prices (e.g., see 42). Some observations are worth nothing on

even this simple case analysis because the
Rather than rely on conventional results in more realistic but complicated

wisdom exclusively, we can productively models are similar, notwithstanding the
consult economic theory for some insight algebraic details. First, there is no

on these issues. First, given the support price discrimination by user - a desirable
status of the IS department one should feature. (Under a profit maximization
seek an objective which maximizes the net criterion there will be price

discounted value of this group's output discrimination in favor of users with
to the firm. That is, if one measures greater demand elasticities.) Second,
this value only as the department's there is differential pricing to reflect
profits (or the producer's surplus), it is peak and off-peak demand periods, wherein

well-known from economics that the firm peak demand consumers pay a premium.
will incur a loss in benefits or welfare Third, if the operating and investment
(what economist's call "consumers: cost functions are linear, then marginal
surplus"). Thus value should be measured costs equal average costs and the cited
as the sum of the producer and consumer decision rules will recover total costs·
surplus. A second consideration at the Note in this instance that the total
outset is whether or not the IS department investment cost is recovered from the
is a monopoly in providing services or if peak-demand period users only.

More

organizational customers have access to generally, however, the cost functions
external suppliers. Typically, in most would be non-linear which means that the

large organizations the monopoly situation optimal policy is for the firm to
(or a variant on it) prevails with subsidize IS use. If operating costs are
exceptions being made for unique a pseudo-concave function of output, a
capabiblties, such as access to a dynamic version of the basic model yields
commercial databank. the following behavior: At low output

relative to capacity marginal costs are

How should services be priced? The significantly below average cost and users
answer to this question depends on how are heavily subsidized. As output (use)

much of the real world complexity one expands, marginal and average costs
wishes to capture in a model of the converge, and the amount of the subsidy
environment (44, 45, 67, 68, 83-86). For reduces. At the point where marginal
example, consider the simplest of worlds costs equal and/or exceed average costs,
in which we have a single productive it is optimal for the firm to expand
resource, a single output, a known, fixed capacity in order to recapture consumer
planning horizon over discrete time surplus -- returning to the high subsidy
periods, and known demands in each period. situation.
We wish to determine prices in each period
and how much resource capacity to procure·
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The basic model has been generalized welfare of a given of potential IS output.
in (44). In that analysis, the This might be viewed as the individual's
assumptions are: heterogeneous resource * reservation price" for the commodity,

capacities by age (or vintage); costs as a 1.e., he would be willing to pay up to or
function of system load, capacity and less than that price and not more. If
resource age; resource replacement; and these reservation prices were public they
an infinite planning horizon. (Rental vs. could be used to set priorities and
purchase decisions are also included allocate output, since in the aggregate

within the framework as a special case; they constitute the "true value" to the

see also 80). Among the results we obtain user population. But for selfish reasons

is the determination of a natural planning
individuals have no natural inclination to

subhorizon which is finite and corresponds
reveal them and to the contrary, it may be

to the duration of time and individual in their self-interest to lie. Can a
resource is actively employed in scheme be designed through which an

production. The analysis also shows that individual maximizes his own welfare by

when it becomes optimal to dispose of a revealing his true "reservation prices7"
particular resource vintage it is optimal Dolan (21-23) has investigated this issue
to replace all of that resource vintage's in the context of congested service
capacity (or equivalently, to "write off„ systems and the cost to users of delays in
all of its economic value). receiving service. He shows that a

"Priority price" should be based on
A number of other models have appeared "marginal delay cost which services at any

in the economics literature dealing with time impose on other users." Harris, et
various aspects of pricing for the al. (32) have also studied the'general

allocation and control of information problem in the presence of asymmetric
services in computers - communications information and divergent preferences
networks, (e.g., 19, 24, 78). Space (i.e., between users or divisions and the

limitations preclude a review of this work resource allocating authority or

here. A review of some of this literature headquarters). They show that for a
can be found in Moore (63). In most of particular (linear) model structure,
these cases, as above, the analyses certain forms of (rank ordered) transfer
postulate the existence of user demand pricing schedules are optimal
functions and output cost functions (or (cost-minimizing) allocation mechanisms.
equivalently production and expenditures In general, these issues merit further
functions). There is reasonably good research as a basis for enhanced

evidence available in the literature to organization design.
support the contention that IS production
and cost functions can be developed,
(e.g., 14, 45-47, 80). There has also CONCLUSION
been empirical work done at the industry
and the firm level in identifying and Even under the space limitations of
estimating demand functions, (e.g., 10, this brief survey, it should be clear that
13, 14). The evidence is somewhat less there is substantial interaction between
satisfactory at the intraorganizational MIS and economic theory. The relative
level for payments or individuals. Some inattention to economic issues related to
work has been done by Streeter (91, 92) on the impact of information by MIS
IS demand by "computer-dependent workers; " researchers is serious. Although
however, demand by the general consumer behavioral theories related to such things

(the manager or professional) has not been as cognitive information processing,
studied in any depth. One obvious problem implementation of MIS, and management of
here is identifiability, since many (if the MIS design process are important to
not most) general consumers are passive our understanding of this complex topic,
agents in their interactions with IS. in the final analysis the goal of an MIS
Another issue concerns the definition and should be improvement in decision making
measurability of IS outputs in general, effectiveness. We believe that

i.e., in determining what to include or incorporation of economic theory into MIS
exclude. In the area of MIS we do not research should be central to achieving
have a convenient metric as a basis for that goal.
quantifying output and communicating
requirements.

REFERENCES
From some of the recent literature, it

appears that a productive way to approach 1. Akerloff, G. The market for "lemons":
the individual demand problem may be qualitative uncertainty and the market
indirectly through the mechanism Of mechanism. Quarterly Journal of

incentives. That is, assume individuals Economics, (August 1970).
are rational and that each knows
(personally) the value or impact on his

27



2. Alchian, A. and Demsetz, H. 16. Cyert, R.M. and March, J.G.
Production, information costs, and Organizational design. New Perspectives
economic organization. American Economic in Organizational Research Cooper, W.W.,
Review, (December 1972). Leavitt, H.J. and Shelly I.I., M.W.

(Eds.), John Wiley, (1964).
3. Amershi, A.H. Agency theory:
clarification, consolidation and 17. Dearden and Nolan, R.L. How to
extensions. Stanford Graduate School of control the computer resource. Harvard
Business Research Paper, (July 1980). Business Review, (November-December 1973),

-64-83.4. Arrow, K.J. Control in large
organizations. Management Science, 10, 3, 18. Demski, J. and Feltham, G. Economic
(April 1964), 397-406. incentives in budgetary control systems.

Accounting Review, (April 1978).
5. Arrow, K.J. The value of and demand
for information. Decision and 19. Deschamps, P.J. Second-best pricing
Organization, McGuire and Radner, (Eds.) with variable product quality: a
North-Holland Publishing Co. Amsterdam, quantitative decision rule and an
(1972). existence proof. Nouvelle Serie No. 128,
6. Arrow, K.J. and Hurwicz, L. Universite Catholique de Louvain, (1976).
Decentralization and computation in
resource allocation. Essays in Economics 20. Dickson, G.W., Senn, J.A. and
and Econometrics, Phouts, R. (Ed.) Chervany, N.L. Research in management
University of North Carolina Press, Chapel information systems: the Minnesota
Hill, NC, (1960). experiments. Management Science, 23, 9,

(1977), 913-923.
7. Arrow, K.J. The Limits of
Organization. W.W. Norton and Company, 21. Dolan, R.J. Incentive mechanisms for
(1964). priority queuing problems. Bell Journal of

Economics, 9, 2, (Autumn 1978), 421-436.
8. Baumol, W.J. and Tibor, F.
De compo s ition, pricing for 22. Dolan, R.J. Pricing in congested
decentralization and external economics. systems. Working Paper (September 24,
Management Science, 11, 1, (September 1975), Graduate School of Management, The
1964), 1-32. University of Rochester.

9. Blackwell, D. Equivalent comparisons 23. Dolan, R.J. Priority pricing models
of experiments. Annals of Mathematical for congested systems. Unpublished Ph.D.
Statistics, 24, (1953), 265-72· dissertation, University of Rochester,

(1976).
10. Bower, R.S. Market changes in the
computer services industry. Bell Journal 24. Dunn, D.A. et. al. Economics of
of Economics, 1, 2, (1973), 539-590. computer communication networks (Eighth

Semi-annual Report). Report No. 2
11. Burton, R.M. and Obel, B. The (January 1977), Program in Information
multilevel approach to organizational Policy, Engineering-Economic Systems
issues of the firm - a critical review. Department, Stanford University.
Omega - International J. Management
Science, 5, 4, (1977), 395-414. 25. Emery, J.C. Managerial and economic

issues in distributed computing.
12. Chervany, N. and Dickson, G. An Information Processing, 77, B. Gilchrist
experimental evaluation of information, (Ed.), IFIP, North-Holland, Amsterdam,
Overload in a production environment. (1977).
Management Science, 20, 10, (1974),
1335-44. 26. Freeland, J.R. and Moore, J.H.

Implications of resource directive
13. Chow, G.C. Technological change and allocation models for organizational
the demand for computers. American design. Management Science, 23, 10, (June
E£onomic_Review, 47, 5, Tl-9-6-7-1-, 1977), 1050-1059.
liflifl-65:

27. Galbraith, J. Designing Complex
14. Cotton, I.W. Microeconomics and the Organizations, Addison-Wesley, Reading,
market for computer services. ACM Massachusetts, (1973).
Computing Surveys, 1, 2, (1975), 95-ll IT

28. Gibson, C.F. and Nolan, R.L. Managing
15. Cyert, R.M. and March, J.G. A the four stage of EDP growth. Harvard
Behavioral Theory of the Firm. Business Review, (January-February 1974),
Prentice-Hall, Englewood Cliffs, NJ, 76-88.
(1961).

28



29. Grochla, E., and Szyperski, N. (Eds.) Proceedings 1972, 31, Part 1, AFIPS Press,

Information Systems and Organizational (1972), 115-122.

Structure, W. De Gruyter, (1975).
43. Kriebel, C.H. Evaluating the quality

30. Groves, T. Incentive compatible of information systems. Chapter 2. in

control of decentralized organizations. Szysperski, N. and Grochla, E. (Eds.),

Discussion Paper Number 166, The Center Design·and Implementation of
for Mathematical Studies and Management Computer-Based Information Systems

Science, Northwestern University, (August Sijthoff and Noordhoff International

1975). Publishers bV, The Netherlands, (1979),
29-43.

31. Groves, T. Incentives in teams.
Econometrica, (July 1973). 44. Kriebel, C.H., Atkinson, A.A. and Zia,

H.W.H. Optimal investment, pricing and

32. Harris, M., Kriebel, C. and Raviv, A. replacement of computer resources. Naval

Asymetric information, incentives and Research Logistics Quarterly, (December

intrafirm resource allocation. Working 1977), 537-547.

Paper 31-79-80 (Revised July 1980).
45. Kriebel, C.H. and Mikhail, 0. Dynamic

33. Heal, G.M. The Theory of Economic pricing of resources in computer networks.

Planning, American Elsevier Publishing Gaisler, M.A. (Ed.) Logistics, 1, North
Company, New York, (1973)· Holland/TIMS Studies in the Management

Sciences, (1975), 105-121.

34. Hirshleifer, J. Economics of the
divisionalized firm. Journal of Business, 46. Kriebel, C.H. and Raviv, A. An

(1957), 96-108. economics approach to modeling the
productivity of computer systems.

35. Hirshleifer, J. Internal pricing and Management Science, (March 1980),

decentralized decisions. Management 297-311.
Controls: New Directions in Basic
Research, Bonini et. al. (Eds.), 47. Kreibel, C.H. and Raviv, A.
-------

McGraw-Hill Book Company, New York, Appliction of a productivity model for
(1964). computer systems. Working Paper 51-79-80,

(September 1980).
36. Hirshlei fer, J• On the economics of
transfer pricing. The Journal of 48. Loeb. Coordination and Informational

Business, 22, (1956), 172-184.
Incentive Problems in the Multidivisional
Firm. Unpublished Ph.D. dissertation,

37. Hirshleifer, J. The private and Northwestern University, (1975).
social value of information and the reward
to inventive activity. American Economic 49. MacCrimmon, K. R. Descriptive aspects

Review, 61, (September 1971), 561-574. of team theory: observation,

communication and decision heuristics in

38. Hurwicz, L. On informationally information systems. Management Science,

decentralized systems. Decision and 20, 10, (June 1974), 1323-1334.
Organization, McGuire and Radner, (Eds.)
North-Holland Publishing Co., Amsterdam, 50. Marschak, J. and Miyasawa, K.

(1972). Economic comparability of information
systems. International Economic Review,

39. Hurwicz, L. Optimality and 2, 2, (June 1968), 137-174.
informational efficiency in resource
allocation processes. Arrow, K.J., 51. Marschak, J. and Radner, R. Economic

Karlin, S. and Suppes, P. (Eds.) Theory of Teams. Yale University Press,
Mathematical Methods in the Social New Haven, (1972).
Sciences, (1959), Stanford: Stanford
University Press. Chapter 3. 52. Marchak, J. Decision-making:

economic aspects. International
40. Hurwicz, L. The design of mechanisms Encyclopedia of the Social Sciences, 4,

for resource allocation. American Crowell Collier and MacMillan, New York,
Economic Review, (May 1973). (1968), 42-55.

41. Jennergren, L.P. Decentralization in 53. Marschak, J. Elements for a theory of

organizations. Handbook of Organizational teams. Management Science, 1. (1955),

Design, Nystrom, P. and Starbuck, (Eds.) 127-137.
Oxford University Press.

54. Marschak, J. Towards an economic
42. Kreitzberg, C. and Webb, J. An theory of organizatin and information.
approach to job pricing in a Thrall, R.M., Coombs,C.H. and Davis, R.L.
multi-programming environment. FJCC (Eds.) Decision Processes Wiley, New York,

(1954).
29



55. Marschak, J. Economics of inquiring, 69. Nolan, R. L. Controlling the costs of
communicating, deciding. American data services. Harvard Business Review,
Economic Review, 58, 2, (May 196ar;Jirl- (July-August 1977), 114-124.

56. Marschak, T. Centralization and 70. Nolan, R.L. Managing the crises in
decentralization in economic dat processing. Harvard Business Review,
organizations. Econometrica, 27, (1959), (March-April 1979), 115-126.
399-430.

71. Ohlson, J.A. Efficiency and the
57. Marshall, J. Private incentives and social value of information in exchange
public information. American Economic economies. Unpublished working paper,
Review, 63, (June 1974), 373-390. University of California, Berkeley, (April

1980).
58. Mason, R. and Mitroff, I. A program
for research on management information 72. Radner, R. Team decision problems.
systems. Management Science, 18, 5, Annals of Mathematical Statistics, 33,
(January 1973), 475-87. (1962), 857-81.

59. McGuire, C.B. and Radner, R. (Eds.) 73. Radner, R. The evaluation of
Decision and Organization, North Holland, information in organizations. Proceedings
Amsterdam, (1972). of the Fourth Berkeley Symposium on

Mathematical Statistics and Probability
60. McGuire, C.B. Comparisons of University of California, Berkeley, 1,
information structures. Decision and (1961), 491-530.
Organization, McGuire and Radner, (Eds.)
North-Holland Publishing Co. Amsterdam, 74. Radner, R. Normative theories of
(1972). organization: an introduction. C.B.

McGuire and R. Radner, Decision and
61. Mirrlees, J. The optimal structure of Organization, North Holland;-C1972F·
incentives and authority within an
organization. The Bell Journal of 75. Ross, S.A. On the economic theory of
Economics (1976). agency and the principle of similarity.

Essays on Economic Behavior Under
62. Moore, J.H. Effects of alternate Uncertainty, Balch, M.S., McFadden, D.L.
information structures in a decomposed and Wu, S.Y. (Eds.), North Holland,
organization, a laboratory experiment. (1974).
Management Science, 25, 5, (1979),

--485-497. 76. Ross, S.A. The economic theory of
agency: the principal's problem. The

--

63. Moore, J.H. Economics of distributed American Economic Review, 63, 2, (May
--

information systems, a survey of research. 1973), 134-139.
Stanford Graduate School of Business
Research Paper, (1979). 77. Ruefli, T.W. Analytic models of

resource allocation in hierarchical
64. Moore, J.H. On the general multi-level systems. Socio-Economic

impossibility of separating MIS design Planning Science, 1, (1974), 353-363.
from decision choice. Stanford Graduate
School of business Research Paper, 78. Sato, Y. A dynamic model of a
(1980). computer services market. Report 1,

Program in Information Policy,
65. Moore, J.H. Organizational design, a Engineering-Economic Systems Department,
survey of research. Unpublished working

Stanford University, (January 1977).

paper, Stanford Graduate School of
Business Research Paper, (May 1979). 79. Shannon, C.E. and Weaver, W. The
66. Ng, D. Information accuracy and Mathematical Theory of Communication,
social welfare under homogeneous beliefs. University of Illinois Press, Urbana,
Journal of Financial Economics, 2, (March (1949).
1975), 53-70. -

80. Sharpe, W. The Economics of
67. Nielsen, N.R. Flexible pricing: an Computers, Columbia University Press,
approach to the allocation of computer (1969).
resources. AFIPS Proceedings, FJCC,
(1968). 81. Simon, H.A. Theories of bounded

rationality. Decision and Organization,
68. Nielsen, N.R. The allocation of McGuire, C.B. and Radner, R. (Eds.), North
computer resources--is pricing the Holland, (1972).
answer?. Communications of the ACM,
(August 1970), 467-474. .

30



82. Simon, H.A. Models of Man, Wiley, New 90. Stiglitz. Incentives, risk, and
York. (1957). information: notes toward a theory of

83. Singer, 'N., Kanter, H. and Moore, A. hierarchy. Bell Journal of Economics,
(Autumn 1975).

Prices and the allocation of computer
time. AFIPS Proceedings, FJCC, (1 968). 91. Streeter, D.N. Productivity of

84. Smidt, Flexible pricing of computer
computer-dependent workers. IBM Systems

services. Management Science, (June 1968),
Journal, 3 (1975), 292-233.

B581-B600. 92. Verrecchia, R.E. The impact of
publicity disclosed information. Stanford

85. Smidt, S.. The use of hard and soft
money budgets, and prices to limit demand G2aduate School of Business Research

for centralized computer facility. AFIPS Paper, (1976).
Proceedings, FJCC, (1 968).

93. Williamson O.E. Markets and

86. Smidt, S.. Flexible pricing of Hierarchies: analysis an-li-a-n-tl-Er ust
computer services. Management Science. implications. New York, Free Press,

14, 10, (June 1968). (1975).

87. Spence, A.M. and Zeckhauser, R. 94. Wilson, R.B. Informational economies
Insurance, information, and individual of scale. The Bell Journal of Economics
action. The American Economic Review, and Management Science, 6, (Spring 1975),
(1971). 184-195.

88. Spence, A.M. The economics of 95. Wilson R.B. The theory of syndicates.
internal organizations: an introduction. Econometrica, 36, (January 1968),

Bell Journal of Economics, (Spring 1975). 119-132.

89.. Stigler, G.J. The economics of 96. Von Neumann,· J. and Morgenstern, 0.

information. Journal of Political Theory of Games and Economic Behavior
Economy, 62 (1961), 213-225.

Princeton University Press, Princeton, NJ,
(1943), (3d ed. 1953).

31



AN EXAMINATION OF THE INTERACTION BETWEEN TECHNOLOGY,
METHODOLOGY AND INFORMATION SYSTEMS:

A Tripartite View

R. J. WELKE

MCMaster University
Hamilton, Ontario

B. R. KONSYNSKI

University of Arizona
Tucson, Arizona

INTRODUCTION both the success with which it performs
its functions and the satisfaction it

In this paper we set out to explore derives from doing so. The individuals
the interaction between technology, are said to assume jobs which are in turn
methodology and information systems. Our comprised of tasks. The assignment of
original purpose in doing so was to review individuals to jobs constitutes the
the co-evolution of technology and organizational structure of the
methodology and their interactions. user-system, the assignment of tasks to
However, in exploring the interactions, it jobs constitutes the work structure.
became evident that even within a fixed
time frame of methodological and A task, for our purposes, is initially
technological advancement there are viewed as a black-box transformation
important interactions which need to be which, when triggered, employs external
understood if information systems are to inputs and/or internal knowledge, to
be developed which are both "user- produce an output or response. One can,
successful" and technologically sound. of course, decompose tasks into sub-tasks
Thus a second purpose of this paper is to recursively, assuming that the internal
highlight what some of these interactions structure of the task can be determined to
are, how they impact on an information some level.

systems outcome, and the need for further
research in this area. Tasks, at a given level of analysis,

can be classified along a number of
To accomplish these somewhat lofty dimensions; we elect two:

objectives in the short space of this
paper, it is necessary to erect a simple 1. Decomposible v. Non-decomposable
(but expandable) framework by which these (Definable v. Non-definable)
interactions can be explored. The device
chosen is to relate the notion of an 2. Data-oriented v. Non-data-oriented
information system to two systems: a user
system and a (computer-based) By "decomposable" we intend a task
data-processing support system (DP which is capable of being decomposed into
system). An information systems labelled sub-tasks; i.e., it possesses a
methodology is then taken as the means by determinable structure. At some point in

which one alters, over time, the content the decomposition, we reach a point at
of both the user system and the which one can no longer discover sub-tasks
data-processing system so as to introduce (although there may be an underlying "deep
into the organization a "new" information structure"); we call this a non-

system. decomposable task. This invokes a
sub-criteria: is the task definable or
not? This gives rise to the following

CLARIFICATION OF CONCEPTS labels assignable to a task at any point
in analysis: decomposable (structurable),

USER-SYSTEM .non-decomposable-definable (programmable),
non-decomposable-non-definable

We take, as the target for IS (indeterminate).

development, a user-system. A user-system
we define to be one or more individuals By "data-oriented" we mean data as
co-operating on the accomplishment of one potentially processable by the then
or more functions in an organizaion. The existing data-processing system. This
user-system is said to have criteria by might be data used to trigger the task, to
which it implicitly or explicitly measures supply external input to it, to alter its
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