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Preface

Volume 21 of Advances in Computers continues the publication of in-
depth articles of substantial current interest to computer and information
science. Subjects have been included not only because of their timeliness
but largely because they are expected to be of interest over a considerable
period of time. The publication provides an opportunity for highly regard-
ed experts in their fields to write review or tucorial articleg covering an
important aspect of their field. By its very nature Advances i Computers
permits the publication of survey articles of some length and with a per-
spective obtained by relatively leisurely preparation. Volume 21 thus con-
tinues a long and unbroken series that began in i960. Many of the articles
which have been included in the previcus voluines have had a significant
impact on the directions in which computer and information science and
technology have developed.

Included in Volume 21 are contributions on applications, on some basic
conceptual concerns, and on social and organizational impact on comput-
ing use.

In the first article, Rob Kling and Walt Scacchi point out that most
scholarly and professional examinations of the social and economic reper-
cussions of new computing developments have so far been based on a
highly simplified conception of computing in social life. In these analyses
the social context in which the technology is developed and used as well
as the history of participating organizations are generally ignored for the
sake of simplicity. It is also assumed that computing developers and users
are rational decision-makers and are generally concerned with issues that
are neither very short term nor based on narrow interests. These assump-
tions, they point out, are greatly oversimplified. Kling and Scacchi have
proposed a ‘“web model of computing’” which emphasizes the way in
which some focal computing resource is produced by a network of pro-
ducers and consumers. According to web models, the macrostructures of
broader social relations and the local infrastructure shape the kind of
computer-based service made available. These are dependent upon a set
of historical commitments. Computing developments are in fact complex
social objects constrained by their context, infrastructure, and history.

Subrata Dasgupta indicates that few areas of thought have been so de-
pendent upon language or notation as computer science. Further, this de-
pendency ever increases as the field evolves and grows. It has become
evident that the real issue in programming language design is not so much
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one of communicating with machines as it is of specifying computations in
the most exact and appropriate manner possible. In programming,
Dasgupta claims the power of languages transcends any ability to express
ideas. Languages have helped to shape our thoughts on computation, to
direct them along one path rather than another. He discusses the nature of
languages that may be used for the design and description of computer
hardware systems, with special focus on architecture descriptions as well
as on the description of microprograms. Although, as he points out, there
exist a large number of language proposals for hardware specification at
various levels of abstraction, they have not generally been widely
adopted. He believes that further applicability of these languages will de-
pend to a large extent on the development of appropriate language-based
design methods and automated systems. He states that the next decade
will see a shift in emphasis from language design issues to the problem “of
methodologies, systems, and environments for the systematic. rigorous,

and verifiable design and implementation of computer architectures.

Robert Gammill points out that microcomputers are rapidly becoming a
pervasive element of our lives. By the end of the 1980s there will be few
machines that will not contain a microprocessor. including many that we
do not presently think of as machines. such as our homes. In his article,
Gammill treats microcomputer applications, not only describing the pres-
ent and extrapolating the future but also evaluating these applications un-

der various criteria of suitability and acceptability. It is obviously impos-
sible to discuss all areas in which microcomputers play a major role, since
. they will shortly be involved in virtually all aspects of human activity. But
Gammill does treat a very wide spectrum of applications including hobby
computing, business, industry. science, the home, agriculture and rural
life. and communications. He concludes that the era of public use of mi-
crocomputers is just beginning and the promise is great. There are prob-
lems ahead and all citizens will need to educate themselves about com-
~puters. He also concludes that the future of microcomputers and digital
communications is interconnected. and it is only through the joint success
of each that the true promise of this new era will be realized.

In the fourth article data management is discussed by Giovanni Maria
Sacco and S. Bing Yao. They remind us that data management has always
been a major computer activity. Earlier data management functions were
customized for particular applications, often being no more than elemen-
tary file management systems. This approach was expensive and ineffi-
cient, particularly as the amount of data grew rapidly. They state that data
base systems were introduced to solve many of these problems. These
systems offer to the user high-level primitives for data management and
automatically perform many basic functions. Distributed data bases are
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considerably more complex than centralized ones and the field is still at
its beginnings. Their article focuses on the problem of query optimization
in distributed data base systems, and basic concepts are presented. Cur-
rent methods for centralized systems are briefly reviewed. Distributed
query processing is characterized and several major query evaluation
strategies are discussed in detail followed by a presentation of a general
framework for query optimization. They conclude in their article that
problems remain to be solved such as dependence on network topology,
initial materializations, various cost functions, the system load, and vari-
ous objective functions.

Chemistry is an experimental science which uses the language of math-
ematics augmented by graphics. It involves making measurements, data
reduction, transformation and representation, mathematical modeling
and prediction, and information storage and retrieval. The chemist, Peter
Lykos points out, is adaptable. He is accustomed to adapting new tools
offered by mathematicians, physicists, and engineers and bringing them
into his laboratory. Computers are seen as opening up completely new
possibilities for doing chemistry. The chemist in adopting computers and
their methodology thus becomes more potent and discovers new channels
of communication with people working in other disciplines. Lykos con-
siders several important applications of computers used in chemistry.
These are education, laboratory automation, modeling, data bases, and
the current chemistry establishment. Lykos concludes that the applica-
tion of computers by chemists for chemistry is entering a period of very
rapid growth. In addition, chemists are becoming increasingly important
to computer designers and vendors as a source of new design ideas and as
a channel to the iarger user community.

In the final article, James Rush discusses the increasingly important
area of library automation systems and networks. He points out that li-
braries have long been highly labor intensive and thus costly. Accord-
ingly, since the early 1960s computer support for library operations has
been looked upon as a major means of achieving increases in library pro-
ductivitv Over the last decade significant increases have been realized.
Computers have been able to increase productivity as well as to provide
new and improved library services. It is further stated by Rush that until
the advent of automation the most significant previous technological inno-
vation in libraries was the introduction of photocopiers. Rush’'s article
focuses on the advances in applications of computers and related technol-
ogies to library operations that have been achieved in the last decade or
so. He divides library operations into three major categories: (1) adminis-
tration and management, (2) technical services, and (3) public services.
He goes on to discuss operations in each of these areas as they are affect-
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ed by the use of computer technology. He concludes with a discussion of
the effects of technological advances on the future of library automation
and networks. He points out that today only about 5% of the more than
90,000 libraries in North America now.have any form of computer sup-
port, but he expects that the number of libraries using computers to in-
crease their efficiency and effectiveness will increase steadily for many
years to come. He suggests that these increases will result most of all
from radical changes in philosophy and practice in librarianship. He goes
on to review some of the technological advances that can be expected to
affect library automation and networking. Rush believes that results ben-
eficial to libraries as they are known today will not be durable because
what is being automated is, or soon will be, largely outmoded by techno-
logical advances in other areas of information science. The profession
must give serious consideration to the role of the library in an electronic
society.

Finally, I am pleased to thank the contributors to this volume. They
have given extensively of their time and effort and have made this an
important and timely contribution to their profession. Despite the many
calls upon their time and their busy schedules, they have made the effort
to write substantial review and tutorial contributions in areas in which
they are particularly knowledgeable and in which they have interest. It
has been a substantial sacrifice on their part which is greatly appreciated.
Because of their efforts, this volume achieves a high level of excellence
and it will be of considerable value for many years to come. It has been a
rewarding experience for me to edit this volume and to work with these
authors.

MARSHALL C. YovITs
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1. Introduction

Most scholarly and professional examinations of the social and eco-
nomic repercussions of new computing developments are based on a
highly simplified conception of computing and social life. This conception
focuses on certain explicit economic, physical, or information processing
features of a technology. For the sake of simplicity, the social context in
which the technology is developed and used, and the history of participat-
ing organizations, are ignored. This conception also assumes rationality
on the part of computing developers and users which is neither very short
term nor based on narrow interests. Furthermore, it sees the main reper-
cussions of a new technology as direct translations of technical attributes
into social attributes (e.g., faster data flows mean faster and better deci-
sions). This conception informs many analyses of computing and related
activities: of the payoffs of new computing developments, of the costs to
be borne by developers and the broader public, of the extent to which dif-
ferent management strategies will yield more reliable and broadly work-
able computer-based systems. We cal! an analysis of computing which de-
pends on these conceptions a discrete-entity analysis, and such a model of
computing (activity) a discrete-entity model.

Examples of published analyses which rely upon a discrete-entity
model of computing are very common, and they form the conventional
logic for understanding the social repercussions of new computing devel-
opments. Most of the accounts emphasizing the benefits of new computer
technologies rely on discrete-entity models, and criticisms of new techni-
cal developments can also be based on these models. For example, some
analysts suggest that computerized systems will ensure that decision
makers are aided by the selective ability of computers to sift through
mounds of data, while other analysts argue that computers will rapidly in-
crease the reams of data that decision makers must contend with. Despite
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these substantial differences in the conclusions reached, if the underlying
model of computer use isolates it from the actual work practices and orga-
nization of labor within which automated data systems are typically de-
veloped and used, it is a discrete-entity analysis.

Careful empirical studies of the actual outcomes of using automated
technologies such as automated information systems -have often found
that the expected direct benefits do not materialize easily (Kling, 1978;
Laudon, 1974; Colton, 1978; Kraemer and King, 1981a). In special cases,
some automated systems are simply dismal failures (Dery, 1977; Brewer,
1973); they are delayed in development or sometimes abandoned late in
development, and if they work they are irrelevant or have to be worked
around (Comptroller General, 1980). Analysts who use a discrete-entity
model explain the occurrence of difficulties in realizing the direct benefits
of new computing technologies and the occurrence of unexpected nega-
tive side effects or outright failures by attributing blame to a set of dis-
cretely identifiable causes: the operating managers were inadequate; the
computer used was too small or cumbersome; promised data were not avail-
able; users were disinterested; there was insufficient support from top
managers; etc.

We believe that when discrete-entity models are applied to analyses of
the social consequences of socially complex computer applications and
the difficulties encountered in their use, the results are often misleading.
This article explains some of the limits of the conventional discrete-entity
models and develops a richer family of models—web models —which we
believe help make better predictions of the outcomes of using socially
complex computing developments.

In contrast to the discrete-entity models, which gain simplicity by ig-
noring the social context of computing developments, web models make
explicit the salient connections between a focal technology and its social
and political contexts. In this article we indicate that many published
analyses of computing developments are based on discrete-entity or web
models. Unfortunately, most social analysts of computing (or other high
technologies) rarely make their models explicit. We have abstracted the
discrete-entity and web models from a wide variety of professional and
scholarly studies.

The contrast between discrete-entity and web models can be usefully
illusirated by a simple example drawn from another technology: automo-
biles. Suppose a traffic analyst is asked to predict the effects of building a
new freeway connecting an urban center to a rural resort and passing
through a suburban ring surrounding the city. If the analyst employs a dis-
crete-entity model, he is likely to treat demand for trips as fixed, view the
freeway as a medium for expanding travel capacity, and conclude that the
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new freeway will reduce congestion on existing highways. If he uses a
web model, he will view the new freeway as part of a larger transportation
system which is periodically congested. He is unlikely to simply assume
that travel demand is fixed. Based on the history of other highway
projects in which demand for short trips rather than total demand is fixed,
he will consider the possibility that the new freeway will help satisfy de-
mand for speedy trips. Net travel may increase. He may conclude that the
new freeway will increase the volume of net travel between the suburbs
and downtown, and between the metropolitan area and the rural resort,
but that travel times will not be appreciably decreased during commuter
rush hours and peak vacation times. In short, the planner who uses a web
model is more likely to see a technical change (or new policy) as embed-
ded in a larger system of activity, as having consequences which depend
on peoples’ actual behavior, and as taking place in 2 social world in which
the history of related changes may influence the nrew change.

In this simpie example the web model is an open systems mcdel. But
web models can be more far-reaching than simply being a version of *‘the
systems approach.’”” A politically oriented web analyst may further ask
how the proposed freeway is routed and whose iands zare crossed and
whose avoided (Caro, 1975). He may also inquire into the interests which
support the freeway and those (if any) which oppose it so as to further
understand those interests it serves (Cornehls and Taebel, 1977, Chapter
5). Web analysts examine the interaction between people and technolo-
gies as part of a larger social and technical mosaic in which the develop-
ment and use of the focal technology is embedded. In the case of technol-
ogies such as automobiles or electronic funds transfer systems, using the
technology requires one to negotiate a complex set of instituticnalized ar-
rangements as well as deal with the equipment.

By making these models explicit, we hope to shed some light on critical
assumptions which inform many published analyses of computing. The
two models reveal important emphases of these analyses. Like any ideal-
ization, they sharpen important differences; but they do not exaggerate
them. For example, no one is completely insensitive to the political con-
text in which an organization develops a computerized model. Some ana-
lysts assume that the political relationships between an organization
which uses computerized models and other groups in its environment will
significantly influence the kind of model adopted, the way it is used, and
the repercussions of that use (web emphasis) (Kling, 1978b); technical de-
tails of the model and its computer implementation will be of secondary
importance. Other analysts hold that the adoption of a computerized
mathematical model to replace manual or intuitive calculations has far
greater influence on an organization’s behavior with respect to computing
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than the political environment of the adopting agency (discrete-entity em-
phasis) (Simon, 1977). We have abstracted these two different emphases
into the discrete-entity and web models.

While we have reason to favor web analyses, we believe that discrete-
entity models are sometimes useful. Their simplicity makes them tracta-
bie. The analyst who empioys a discrete-entity model need focus only on
selected technical and economic characteristics of a new computing tech-
nology or application. In contrast, the analyst who uses a web model mus:
work much harder. He must examine the social and political context in
which the technology is developed and used, the going concerns of the
organization using it, and the extent to which financial, technical, and
staff resources support it. Sometimes these additional data yield impor-
tant and surprising findings (Kling, 1978b; Danziger et al., 1982), but this
1s an empirical matter.

Analysts who employ discrete-entity models mistakenly assume that
they are universal in .heir application. Researchers who employ web
models usually examine socially complex technologies, but they do not
have sharp, simple descriptions of the situations in which they best apply.
We shall explain their nature in this article, and we hope the reader will
develop some good intuitions about these modeis. For now, we can say
that they certainly apply to situations in which many organizations partic-
ipate in the development, maintenance, and use of a computerized sys-
tem. Large computerized systems such as air traffic controi, multiservice
military command-and-control systems, and multibank electronic funds
transfer are all in this class. But so are many smaller systems which are
developed for organizations by outside contractors or which are simply
developed within the organization through the collaboration of three or
more departments.

In this article, we explain the meaning of web inodels for understanding
the dynamics of computing development and use in organizational life.
We also examine the relative explanatory power of the discrete-entity
model and web model by drawing upon the existing research literature
and three case studies. The main question we ask about these models is
not, Which is truest? Rather, we ask, What kinds of insights does each
model give into the social dynamics of computing development and use?
We also inquire about the ways in which each model provides analytical
power for making evaluations and predictions. It will become apparent,
after we examine these models more carefully in Section 2, that they con-
ceptualize two theoretical extremes of a wide array of intermediate analy-
ses of computing developments. Particular analyses are likely to be based
on critical assumptions closest to the axioms of one or the other of these
models.
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Since web analyses examine the social and economic organization of
computing activities, it is helpful to introduce some analytical terms use-
ful for social analyses. Since these concepts are relatively abstract, we
believe that a short case study can be helpful for giving the reader con-
crete illustrations of them. This little case study —of an automated inven-
tory control system in the manufacturing firm Audiola—is introduced in
Section 3. The key theoretical concepts are explained informally in Sec-
tion 4, and are developed more formally in Appendix A. In Section 5, five
major propositions that web analysts make about the dynamics of com-
puting development and use are examined and explained by reference to
the Audiola case. In Section 6 two additional cases of computer develop-
ment and use are introduced. Section 7 examines these cases, and Section
8 concludes.

2. Models of Computing: Discrete-Entity and Web

The contrast between the discrete-entity and web models has recently
been introduced into the computing literature under a different label: rool
model versus package model (Conery, 1980; Kling and Dutton, 1982;
Kling and Scacchi, 1979a,b, 1980; Sterling, 1979). For example, Kling and
Scacchi (1979a, p. 108) characterize the tool model in which

one can safely focus on the device to understand its use and operation. In contrast. the
package metaphor describes a technology which is more than a physical device. ... the
package includes not only hardware and software, but also a diverse set of skills, orga-
nizational units to supply and maintain computer-based services and data, and sets of
beliefs about what computing is good for and how it may be used efficaciously. Many of
the difficulties users face in exploiting computer-based sys.:ms lie in the way in which
the technology is embedded in a complex set of social relationships.

In reviewing this new literature which examines the package metaphor,
we have found it useful to sharpen this characterization. We have also
found it useful to change the labels to ‘‘discrete-entity’’ and ‘‘web’ to
better reflect the differences between the two models. This section de-
fines each of these two models by five properties.

Discrete-entity models of computing assume the following:

(a) A computing resource is best conceptualized as a particular piece
of equipment, application, or technique which provides specifiable infor-
mation processing capabilities. (/) Each computing resource has benefits,
costs, and skill requirements which are largely identifiable. (ii) Computer-
based technologies are tools, and are socially neutral.



