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CHAPTER 1:
INTRODUCTION TO THE RESEARCH

1.1. Introduction

The purpose of this research is to explore and describe the use of computer networks by
aerospace engineers. Computer networks, also called electronic networks, are defined in this
study as telecommunication links that connect computers to each other or to other devices,
allo;vving users access to remote resources through such applications as electronic mail, file
transfer, and remote log-in. Aerospace engineers, the community of interest in this research,
are engaged in research, development, design, testing, and manufacturing related to a wide
variety of aerospace technologies, from commercial aircraft to guided missiles to space
equipment.

This research investigates computer networking from a user perspective. This means
that it seeks to describe the manner in which electronic networks are currently used by
aerospace engineers to facilitate communication and assist in the performance of their work
tasks. Further, the study explores factors associated with network use, and impacts of network
use, from the perspective of members of the aerospace engineering community. The ultimate
goal of the study is to increase understanding of the work, communication, and networking needs
and behavior of aerospace engineers so that more effective networking systems, services, and
policies can be developed for members of the aerospace engineering community. Results may be

applicable to other scientific and technical work as well.



1.2. The Research Context: Aerospace Engineering and Computer Networks

The aerospace industry is of vital importance to the economy of the United States. It
employs 1.3 million people, and its total annual sales amount to over $117 billion. Over $24
billion was spent on aerospace research and development in 1990, most of that by the Federal
government, who is the largest customer for aerospace products (Aerospace Industries
Association, 1991). Aerospace belongs to the high technology sector of American industry. It
encompasses military and commercial segments and is dominated by a handful of large
companies. Competition is fierce, and the billion dollar investments that these firms make are
fraught with risk. The development of a new product may take decades and sales depend more
on meeting rigid performance and schedule requirements than on product pricing (Bluestone,
Jordan, & Sullivan, 1981).

Aerospace engineers work in all stages of product development and are employed in
industry, government, academia, and other not-for-profit settings. The major work specialties
comprising aerospace engineering include structural design, avionics, aerodynamics, propulsion,
electronic systems, and material and processes. Aerospace engineering work also varies
according to primary job responsibility (e.g., management, science, or engineering) and
engineering subfield (e.g., chemical, mechanical, or electrical). Finally, aerospace engineering
work can also be described in terms of the kinds of tasks and activities which the typical
engineer performs on a day-to-day basis. There is tremendous variety in the work day of most
aerospace engineers. As is the case with engineers in other industries, many aerospace engineers
define problems, come up with new ideas, solve problems, review the work of others, produce
reports, perform calculations, conduct experiments, and negotiate with customers and co-
workers. In order to perform these tasks, aeroépace engineers require a variety of business and
technical information that includes fundamental design concepts, criteria and specifications,
quantitative data and practical know-how. Much of this information comes from co-workers

and in-house documents.



Currently, a number of aerospace engineering organizations are exploring the ability of
computers and electronic networks to improve the performance of engineers. They hope that by
facilitating communication, improving coordination, and allowing shared access to important
data and tools, electronic networks will decrease both the costs and time needed to bring
products to market and will facilitate the production of higher quality products that better
meet customer needs. Due to proprietary and security concerns, and the need to maintain and
transfer large volumes of critically important data, many engineering organizations have
implemented their own private, high-speed networks that are used only by their own
employees.

Today, aerospace engineers can use networks for distributed access to rapidly-changing
information about project requirements and progress. They can receive electronic data collected
by remote instruments and use networks to analyze those data with the help of remote
computers. Networks facilitate the shipment of documents and designs and are used to
automate the manufacturing process. Electronic data interchange (EDI) is used to exchange
orders and invoices with vendors and suppliers, and contracts with clients and customers.
Aerospace engineers can also use networks for information retrieval in connection with both in-
house and commercial or government databases. Finally, some engineers in the aerospace
industry use electronic networks for a Qariety of communication purposes. Computer-based
message systems such as electronic mail (e-mail), bulletin boards, and conferences can be used to
call on the expertise of others, locate resources, schedule and coordinate work, and exchange
information. Such systems can be used to contact project team members, managers, people in
other departments or divisions, colleagues in outside organizations, customers, and funders.

Many of the benefits of networking that individual aerospace organizations seek are
also important on a national scale. Proponents of national networking assert that Federal
investments in high-speed networks will pay off in terms of improved national productivity,

scientific and technical advances, and economic competitiveness. The use of networks in



engineering has itself received increasing attention. In introducing the High Performance
Computing Act of 1991 (Congress. Senate, 1991), for example, then Senator Albert Gore of
Tennessee remarked that networked supercomputers are used by engineers to design better
airplanes. The bill itself asserted that the development and use of high-performance
computers and networks is essential for maintaining and enhancing industrial productivity in
the United States (Section 2.a.2). The High Performance Computing Program (HPCC) initiated
in the Executive branch also aims at improving national engineering outcomes. The HPCC "is
driven by the recognition that unprecedented computational power and capability is needed to
investigate and understand a wide range of scientific and engineering ‘grand challenge’
problems” such as aerospace vehicle design and microsystems design and packaging (Office of
Science and Technology Policy, 1991, p. 2). The Clinton/Gore administration has continued to
foster policies in support of national networking, first under the rubric of the National Research
and Education Network (NREN) and, more recently, in connection with the development of the
National Information Infrastructure (NII). And anticipated engineering uses and outcomes from
computer networking continue to receive Federal attention.

Although the use of electronic networks in the aerospace industry is increasing, the
financial stakes are high, and many benefits are expected on both an organizational and
national level, no empirical studies of the use of electronic networks have dealt exclusively or
extensively with aerospace engineers (or any other group of engineers). Reports of what the
technology can do have appeared in the popular and technical literature. Several aerospace
firms have described some of their experiences with network implementation. The Federal
government invests millions of dollars to study and improve the technical capabilities of
national high-speed networks. But very little is known about the users of these systems,
including aerospace engineers. What kinds of aerospace engineers use networks? Which
network applications do they use? To perform which job functions? Under what circumstances?

What problems and constraints do they encounter? What effects do they perceive and



experience? In spite of large financial investments and promises of strategic competitive
advantages, very little is actually known about the use and impact of electronic networks in the

aerospace industry.

1.3. Scope of the Current Research

Based in part on expectations of improved engineering effectiveness and efficiency, both
individual aerospace engineering organizations and the Federal government are making large
investments in computer networking to support R&D, economic competitiveness, and technology
transfer. Federal policy makers, network system designers and service providers, and
workplace managers are struggling to implement effective systems and develop appropriate
policies to govern network implementation and use. But little empirical information has been
gathered that can be used to help in understanding the impact of network investments, designs,
and policies on aerospace engineering work. Thus, many major investment, design, and policy
decisions are being made solely on the basis of educated guesses about the contribution of
electronic networking to the aerospace engineering work and communication.

In general, technical and financial issues related to networking initiatives receive the
bulk of attention from network implementers, while social and behavioral issues that also
impact the degree to which networks will effectively support the activities of the intended
user communities are inadequately examined (McClure, Bishop, Doty, & Rosenbaum, 1991).
Aerospace engineering efficiency and effectiveness, at both the organizational and national
level, will not be optimally enhanced by the implementation of electronic networks until the
manner in which networks facilitate aerospace engineering communication and work tasks is
better understood. The success of institutional and national networking endeavors will depend
on the development of network features, policies, and support programs based on solid

knowledge of aerospace users' needs and habits and substantiated links between network use



and engineering outcomes. Without such data it will be difficult to develop and implement
effective policies and services or predict the results of networking investments.

This gap is addressed by the current study, which gathers data that describe the
current uses of electronic networks by aerospace engineers and explore the relationship between
electronic networks and engineering communication and work. The data collected address the
following research questions:

1) What types of computer networks and network applications are currently used by
aerospace engineers?

2)  What work tasks and communication activities do aerospace engineers use
computer networks to support?

3)  What work factors are related to the use of computer networks by aerospace
engineers?

4)  What are the impacts of network use on aerospace engineering work and
communication?

Empirical data on perceptions and behavior related to work, communication, and network use
have been gathered from aerospace engineers through site visits, interviews, a national
telephone survey, and a national mail survey. Engineers represented in the study occupy
different types of jobs in a variety of settings. Following national employment trends in the
aerospace industry (National Science Foundation, 1987), most of the study’'s subjects are
employed by industrial organizations, and few are employed primarily in such activities as
research, marketing, and manufacturing.

‘All networking applications relevant to engineering work are considered. These
include, for example, electronic mail, information retrieval, remote access to computing
resources, and file transfer. Wherever feasible and appropriate, network use is tied to
particular work tasks and communication activities. Network impacts and factors affecting
network use are derived primarily from the reports of aerospace engineers participating in the
research, and both positive and negative factors and impacts are explored. Work-related

factors influencing use were expected to encompass such things as primary job responsibility,



type of organizational unit, aerospace subfield and product, and the degree to which computers
are a part of one's work, as well as situational characteristics such as the need for secrecy,
accuracy, extensive interpersonal interaction, or reference to physically-encoded knowledge.
Networking impacts emerge as both perceptions and behaviors, in such forms as degree of use,
perceived importance of various network applications, perceived increases or decreases in work

and communication efficiency and effectiveness, and changes in work or communication patterns.

1.4. The Research Approach

The conceptual and methodological approach of this research begins from the premise
that in order to maximize the value and utility of electronic networks, they must be designed
with the needs and goals of their users in mind. The user-based conceptual and methodological

approaches exemplified by the current study are described below.

1.4.1. User-Based Approaches to the Study of Information and Communication Activities
Information seeking and use is a cognitive activity that takes place within a complex
social matrix. In recognition of this, a number of researchers from a variety of disciplines have
applied user-based approaches to the investigation of information and communication
activities. These approaches have been used to investigate the information needs and uses of
particular communities of users and are often intended to improve the design and evaluation of
particular information systems and services. In such work, special attention is often given to
individuals' needs, goals, actions, and settings. Understanding the user context is important
because it not only uncovers problems with existing systems and services, it elucidates
underlying needs in a way that can guide the development of new generations of systems. It
also points to improvements in policies—as opposed to technology features per se--that could
significantly enhance the effectiveness of systems and services. Finally, user-based approaches

tend to reveal ways in which new technologies are changing the way people work and leamn, as
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opposed to simply recording ways in which new technologies are automating people's standard
activities.

The current study is not based exclusively on any single theory or method developed in
past research. The phenomena of interest—engineering work and communication, network use,
factors associated with network use, and networking impacts—have been studied from the
perspectives of a variety of social science disciplines, including library and information science,
communications, sociology, psychology, management. Even within each of these disciplines
there is no unified theory of computer-based communication and its relationship to knowledge
transfer and the conduct of work; nor is there complete consensus on appropriate definitions for
concepts or methodological approaches. Across disciplines, there is even greater variation in
the conceptual and theoretical base for studying network use in work communities. While user-
based research arises in all of these disciplines, and shares the general characteristics and
concerns described above, results have not yet led to conclusive evidence about the nature and
impact of network use, and theory remains underdeveloped.

Thus, this study draws its assumptions, goals, and methodological techniques from
several relevant sources, integrating them in a manner appropriate to its own particular
purposes. It also builds on the approaches and techniques that the researcher has used
successfully in earlier work on scientific .and technical information transfer. Previous research
that has been most influential in shaping the conceptual and methodological approaches of the
current study is highlighted below and discussed more fully in Chapter 2, which also describes
relevant results from previous research on engineering work and networking.

In an earlier study, the researcher explored the impact of electronic networks on
scientific work and communication from a user perspective (McClure et al., 1991). This study
reported on the use of different network applications to support particular research activities,
on technical and non-technical problems and issues experienced by users, and on perceived

impacts of network use on the conduct of research and on formal and informal scientific



communication. This study produced results that were used by Federal policymakers and
network service providers to inform the development of network services and policies and
predict the impact of networking on scientific research; these are also the goals of the current
study.

The work of other networking researchers also contributes significantly to the current
study. Sproull and Kiesler argue for the importance of considering social and behavioral
factors in the investigation of networking. Their influential work in the area of electronic
communication (see Sproull & Kiesler, 1991 for an overview) is based on the assertion that
although organizations may implement networked systems in the hope that they will increase
the speed or decrease the costs of work, the broader impact of networks depends on how they
affect the nature of work and the environment in which work is performed. Hiltz's pioneering
work on the use of electronic networks in scientific environments (see, e.g., Hiltz, 1984) has
demonstrated the importance of examining, in tandem, individuals' behavior and perceptions
in order to arrive at an understanding of networking use and impacts that is both practically
and theoretically useful. The current research is also related to previous studies of networking
impacts that address the relationship of computer-mediated communication (CMC) to task and
social aspects of work (e.g., Foulger, 1990; Steinfield, 1986a).

A number of pioneering studies of information needs and use also inform the approach
adopted by the current research. Taylor's (1991) theoretical investigation of "information use
environments” emphasized the importance of understanding the context in which information is
sought, conveyed, and applied. Context for professional groups, including engineers, is defined
by Taylor as a combination of the nature of work problems, solutions, and settings associated
with particular types of jobs. Taylor assumes, in other words, that members of a profession
share tasks, goals, and needs in a way that influences their use of information. The current
study is also close, conceptually, to empirical research on scientific and technical

communication and information exchange conducted by Allen (1984) and Garvey (1979). These



researchers identified and described communication sources and channels used by engineers and
scientists, respectively, and connected them with various work tasks and outcomes.

A shift in emphasis toward the study of cognitive and situational variables
surrounding information needs and uses, and away from users' personal characteristics and
specific system features, has been advocated by a number of communications and information
science researchers, most notably Dervin and Nilan (see Dervin & Nilan, 1986 for their
discussion of this approach). Following their arguments, the current study also devotes special
attention to understanding what there is about a particular situation that encourages an
individual to use networks in fulfilling an information need. In terms of the four programs of
research in scientific communication identified by Lievrouw (1988), the current study is closest
conceptually to what she terms "user studies” (where information is treated as a commodity
whose value depends on user needs) and “lab studies" (where information is treated as a
construction, and value resides in the meanings and perceptions of individuals).

Many information and communication system designers ignore three important aspects
of user-based design: the personal characteristics of users, the particular tasks and activities
that networks are to support, and the social matrix in which these tasks and activities are
carried out. There are, however, a number of researchers who advocate user-based approaches
to system design. Galegher and Kraut (1990) argue that understanding the user's work and work
environment is a critical factor in the design of information and communication systems. They
note that "the history of experience with telecommunications and computer-based information
systems contains many instances of expensive technological failures that are at least partly
attributable to designs that do not mesh well with the social and behavioral systems in which
they are to be used” (p. 4). Wixon, Holtzblatt, and Knox (1990) also insist on the importance of
understanding how new technology "supports, extends, and transforms users' work” and of
adopting research techniques “that yield an understanding of real customers [i.e., users] solving

real problems in the real world (p. 330). Similarly, Gould, Boies, and Lewis (1991) emphasize
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the importance of first understanding the work and work environment of those people for whom
productivity-enhancing information systems are designed.

Finally, the current study also draws on a number of important sociological studies of
scientific and technical work and communication for its conceptual approach. Such studies
demonstrate that scientific and technical work and communication does not take place in a
vacuum but is embedded in a web of personal and political motivations (Charlesworth,
Tumbull, & Stokes, 1989; Gilbert & Mulkay, 1984; Latour & Woolgar, 1979).

In summary, a number of user-based approaches have been applied to the study of
information and communication activities and technologies. The current research applies
appropriate assumptions and techniques from this body of work to the study of the use of
electronic networks by aerospace engineers. Based on the demonstrated utility of this body of
work and on the lack of user-based investigations of networking, this study argues that it is
vital that network service providers and policy makers undertake systematic empirical
evaluation of networking from a user perspective. It also asserts that decisions about network
implementation should not be based exclusively on technical, economic, or political
considerations. We know relatively little about the users and uses of networks in terms of how
networks are integrated into the work lives of those people whose activities they are meant to
support. Few user-based evaluations of networks have been done that are systematic, empirical
investigations of network users' behavior and perceptions, and that provide insights into

critical success and failure factors in networking.

1.4.2. Developing a User-Based Model of Networking in Aerospace Engineering

Broadly speaking, the goal of this research is to describe and explore the ways that
electronic networks are being integrated into the work lives of a particular community of users.
It is based on the premise that the use and impact of electronic networks on aerospace engineers

is related to the nature of their communication and work. Thus, the emphasis of the study will
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be on the identification of characteristics of work and communication activities, environments,
and situations that are associated with network use. Since network use is examined within the
context of work and communication, social and behavioral determinants and effects of new
communication technology will be given special attention.

Figure 1-1 presents a model of the aerospace engineer's use of electronic networks that is
used to identify and organize concepts and issues important in this study. The model represents
the study's focus on those network uses, impacts, and factors associated with use that operate
within the context of the aerospace engineering work environment. According to the conceptual
model, an aerospace engineer may use electronic networks--given a particular set of
circumstances that are combined in the work environment-to access the variety of resources
required to accomplish a particular work task. The model depicts the environment within
which individuals use networks as a complex blend of social, behavioral, technical, and
situational factors.

The conceptual model is based on descriptions of engineering work and communication
that have appeared in the literature. This literature is reviewed in Chapter 2. Reports of the
information seeking and use behavior of engineers (e.g., Allen, 1984; Gould & Pearce, 1991;
Kaufman, 1983; Kremer, 1980; Pelz & Andrews, 1966; Pinelli, 1991a; Rosenbloom & Wolek,
1970; Shuchman, 1981) describe the engineering resources needed by engineers to perform their
work. These resources include people, such as colleagues, engineers in other organizational
units, customers, vendors, and ébnsultants. They also include a wide range of print and online
information resources such as trade journals, technical reports, parts lists, technical
specifications, budgets and schedules, designs and design histories, laboratory
notebooks,manuals, and textbooks. Finally, engineering resources include tools for
experimentation, analysis, and performing calculations.

Engineering resources are used in the performance of a wide range of engineering tasks

and activities. These are described in information science and communication sources, in
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popular and professional descriptions of the work of engineers, and in sociological and
historical scholarship devoted to the study of technology (see, e.g., Adams, 1991; Buhl, 1969:
Florman, 1987; Kamm, 1989; Kemper, 1990; Ritti, 1971; Taylor, 1991; Vincenti, 1990).
According to these sources, the kinds of tasks and activities that engineers perform include
identifying problems, conducting experiments, writing proposals, analyzing performance data,
scheduling and reviewing work, building prototypes, and writing documentation and technical
reports. These sources also describe various social, behavioral, technical, and situational
aspects of the engineering work environment. They suggest that the use of engineering resources
and technology and the performance of engineering tasks and activities cannot be separated
from the work environment in which they occur. Engineering work, for example, is typically
conducted within strict time and resource constraints, involves extensive and intensive
teamwork, and is subject to personal and political influences.

This study asks questions and adopts techniques appropriate to its user perspective and
to the concepts and issues it explores. It employs a user-based approach to investigate the
relationships between networking and aerospace engineering communication and work. This
means that it does not focus on technology or organizational issues, but investigates network use
from the perspective of individual engineers. The research relies on their own descriptions of
their work tasks and communication behavior rather than on existing classification schemes or
on the opinions of people other than those engineers who actually participated in the
investigation.

The data collection activities pursued in this study are inductive and cumulative.
Preliminary activities included site visits, a telephone survey, and individual interviews with
aerospace engineers. Experience gained in each activity was used to select specific methods and
refine instruments used in subsequent data gathering stages. While the research questions are
answered primarily with data collected in the national mail survey, the in-depth, semi-

structured interviews with aerospace engineers are used to enhance the depth of the study's user
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perspective. The interviews are used, in other words, to identify network uses, impacts, and
factors affecting network use that are most meaningful from the point of view of aerospace
engineers. Thus, the interviews are important in improving both the validity of the survey

results and one’s ability to interpret them.

1.5. Study Sponsors and Advisors

This study is sponsored by the National Aeronautics and Space Administration
(NASA) and the Department of Defense (DoD), under the umbrella of their Aerospace
Knowledge Diffusion Research Project (Pinelli, Kennedy, & Barclay, 1991). The Center for
Survey Research (CSR) at Indiana University was under contract to provide technical advice
and production assistance; technical advice was provided by the Project’'s NASA investigator
as well. The researcher selected all approaches and techniques used in the study, designed and
developed all the instruments, and oversaw the coding and statistical analysis of survey data.
CSR staff conducted the preliminary phone survey; produced, mailed, and collected the mail
questionnaires; coded and entered survey data, and performed requested statistical analyses.
Staff at the Library Research Center at the University of lllinois at Urbana-Champaign also
performed statistical analyses associated with the mail survey results. Computer software
was used in the telephone interviews to automate data collection and analysis and was also

used in the statistical analysis of mail survey results.

1.6. Benefits of the Research

This study contributes to existing knowledge about both the use of electronic networks
and the nature of engineering work and communication. Systematic study of these domains is
relatively recent, so findings from the study may be used to stimulate the development of

theory. The study also provides examples of user-based techniques for studying information
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and communication technologies that may be useful to other researchers. As networks evolve
and as the size and heterogeneity of the networking community increases, it will become
increasingly important to gain experience with the conduct of user-based research in the study
of computer networking, in order to gain insights into the needs and activities of different
communities of users (Bishop & Bishop, 1994). The current study will help to identify, develop,
and refine of user-based methods for the investigation of electronic networking.

Findings from this investigation are also intended to be of practical value. Electronic
networks seem to offer many opportunities for facilitating and improving engineering work. But
the medium and its use require careful scrutiny in order to realize projected benefits. Results of
this research will provide baseline data on the current use of electronic networks by aerospace
engineers. Perhaps more importantly, results will suggest reasons why networks are used, or not
used, by aerospace engineers in the performance of particular work tasks. It is only recently
that networking has become widespread enough for these data to be meaningful, i.e., indicative
of future use patterns. This information can be used by Federal policy makers, network system
designers, network service providers, and engineering managers as a basis for informed decision-
making related to network investments, design features, implementation strategies, and
management and use policies. Although the context for the current study is aerospace
engineering, many of the results obtained, hence many of the study's benefits, are also expected
to be relevant beyond the domain of aerospace. This is because the research will describe many
needs, écﬁviﬁes, goals, and constraints that are generic to engineering work, communication,
and network use. Findingg unique to the aerospace industry are fairly easily interpretable as
such.

This study also produces benefits for professional engineering societies and for the
library community. Findings can help information service providers and intermediaries who
work with aerospace engineers better understand the information seeking and use behavior of

their clients. Recent years have seen an upsurge in the number and variety of electronic
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information resources available to aerospace engineers. Many new systems incorporate
mechanisms for the exchange of both formal and informal information. In these systems,
information professionals have a new opportunity to improve service to their clients. But to do
so, it will be important to become more familiar with the nature of work and communication in
aerospace engineering and with the range of uses that engineers are finding for electronic
networks. Thus, findings from the study should help in the strategic planning of new
information systems and services in aerospace engineering environments.

Finally, the benefits of this research will be extended by disseminating the results as
widely as possible. As noted above, one of the goals of user-based research is to bring users'
needs and problems to the attention of those people who are in a position to resolve them. Thus,
it will be important to bring results of this study to the attention of both institutional and
national policy makers and service providers in engineering, networking, and information
communities. Study participants will receive a synopsis of research findings and conclusions.
Study sponsors (NASA and DoD) will receive a final report. Opportunities will also be sought

to present results to a broader and more diverse audience.
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CHAPTER 2:
UNDERSTANDING THE USE OF ELECTRONIC NETWORKS
IN THE CONTEXT OF AEROSPACE ENGINEERING WORK

2.1. Introduction

The major goals of this study are to describe the current use of electronic networks by
aerospace engineers and to explore relationships among network use and aerospace engineering
work and communication. Reviewing what is known about the aerospace industry, engineering
work and communication, and the use of electronic networks in science and technology
environments sets the stage for the investigation by:

1)  Providing background information needed to achieve an understanding of the

major phenomena of interest in this study, i.e., aerospace engineering work,

communication, and network use;

2)  Providing an overview of research approaches that have been used to investigate
these phenomena; and

3)  Describing the current state of knowledge related to these phenomena and
revealing gaps that the current study hopes to fill.

This investigation can be broadly classified as social science research. It seeks to understand
the way that aerospace engineers work and communicate and the way that electronic networks

—an emerging technology that facilitates both information processing and communication—are
currently perceived and used by aerospace engineers. Further, this understanding may be used
by network designers and managers at all levels to develop systems and policies that are better
suited to the tasks and needs of the engineering community and, hence, more effective. The
phenomena and issues that are relevant to the aims of the current study have been investigated
by a variety of disciplines, including information science, communications, management, and

sociology. This investigation draws from and hopes to contribute to knowledge in these areas.
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Thus, the literature reviewed in this chapter is derived from all of these disciplines and
incorporates social, behavioral, and policy perspectives.

Some work has appeared in the literature that explores the nature of engineering work
and communication, but only a small portion of this focuses on the aerospace industry
specifically. Further, no user-based empirical studies of networking appear to have been
conducted that deal extensively or exclusively with engineers in any field. Thus, this chapter
must cast a somewhat wider net in seeking what is known about the major phenomena of interest
to this study: the chapter includes both popular and scholarly work on networking and on the
nature of scientific and technical work, knowledge, and communication, drawing out that which
appears particularly relevant to the aerospace engineering environment.

This chapter begins with a brief overview of the aerospace industry and aerospace
engineering jobs. The next section describes the nature of engineering work and knowledge,
focusing on findings and issues most applicable to aerospace engineers. The chapter then
provides an overview of findings from studies of scientific and technical communication that
were conducted before the use of electronic networks became widespread, but which may have
implications for understanding the use of networks by aerospace engineers. It concludes with an
overview of descriptions and studies of computer networking in the scientific and technical

community, focusing on findings related specifically to network use and impact.

2.2. The Aerospace Industry

2.2.1 Introduction

The purpose of this section is to define the study’s use of the terms “aerospace industry"
and "aerospace engineering” and to identify characteristics of the industry that may play a
role in the use of electronic networks. It is also important to understand the nature and structure
of the aerospace industry and the nature of aerospace engineering in order to assess the

applicability of study results to engineering work in other industries.
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2.2.2. Nature and Structure of the Aerospace Industry

The aerospace industry encompasses firms which produce aircraft, space veh;cles,
guided missiles, or particular parts and accessories of any of those products; it also includes
individuals and organizations conducting research in any of a broad range of areas related to
flight in or outside the atmosphere (Pinelli, 1991b). The Standard Industrial Classification
(SIC) system developed by the U.S. government can be used to broadly enumerate the range of
products and activities typically considered to comprise the aerospace industry (Aerospace
Industries Association,1991, p. 12). Major parts and accessories related to propulsion include
propellers, engines, and propulsion units. Aerospace equipment and systems produced include
those used in flight for communication, search and detection, and navigation and guidance. The
general term "avionics” is often applied to such systems, which are virtually all computerized.
Other equipment and electronic systems are used on the ground, for training and simulation.
Another group of aerospace industry products are those collected under the rubric "dynamics
and control.” These include aeronautical and navigational instruments and measuring and
controlling devices. These classifications suggest the incredible diversity of products
manufactured by aerospace firms, which may vary from a single type of seal to an entire
aircraft.

The aerospace industry is unusual in a number of ways, as compared to other U.S
industries. The nature and structure of the industry have been described in a number of sources
(e.g., Adams & von Braun, 1962; Bluestone, Jordan, & Sullivan, 1981; Goldman, 1985; Phillips,
1971; Rae, 1968; Steckler, 1965). The aerospace industry includes both military and
commercial segments. The U.S. government is the largest customer for aerospace products. Due
to the incredible complexity, major investment, and extreme risk associated with the
production of major aerospace systems and products, the industry is dominated by a small
number of commercial firms (Bluestone et al., 1981). Two firms, Boeing and McDonnell Douglas,

account for almost one half of the industry's production, which is estimated to value about $127
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billion in 1991 (Dept. of Commerce, 1991, pp. 22-3). Other major U.S. firms are Northrup,
General Dynamics, Lockheed, and Grumman. These firms typically "bet the company" each
time they embark on the development of a new airplane or space vehicle (Newhouse, 1982).
Other firms of various types and sizes act as suppliers to these major players by contributing
particular components, parts, and accessories that are used to assemble the final product. These
include major corporations such as General Electric, IBM, and United Technologies, in addition
to a wide range of smaller firms. A number of aerospace engineers in academia, not-for-profit
R&D labs, and private firms act as consultants to the firms that manufacture these aerospace
technologies.

The aerospace sector is faring well in terms of international competitiveness, with the
trade surplus expected to equal about $32 billion in 1991 and is, on the other hand, increasingly
characterized by international industrial cooperation (Dept. of Commerce, 1991, p. 22-1).
Nonetheless, the industry's financial performance is lower than the combined average for all
manufacturing firms (p. 22-3), pointing to a need to improve operating efficiency.

The aerospace industry leads all other industries in terms of R&D expenditures, which
were estimated at about $25 billion in 1988 (Aerospace Industries Association, 1991, p. 102).
The U.S. government funds the majority of this work, but funding has dropped somewhat in
recent years due to cuts in the U.S. defense budget, and is expected to continue to decline over the
next five years. The major government funding sources are the National Aeronautics and Space
Administration, the Department of Defense, the Department of Commerce, and the National
Science Foundation (National Science Board, 1989). Due to cuts in U.S. defense spending, many
major firms have recently experienced layoffs and are engaged in restructuring their operations
toward nonmilitary products.

Aerospace is generally characterized as a high technology industry, in terms of both its
means of production and its output. Computer systems are used to control aircraft, space

vehicles, and missiles; many components and subsystems are also computerized. In addition,
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computer systems are used to train aerospace personnel, to design and manufacture aerospace
technologies, and to conduct research. As a whole, therefore, aerospace firms seem to adopt
information technology earlier than do firms in a number of other industries (Shuchman, 1981).

This brief overview of the nature and structure of the aerospace industry highlights
several key points about the industry that may have an impact on aerospace engineering work
and communication patterns and, therefore, on the use of electronic networks by aerospace
engineers. For example, because aerospace firms engaged in manufacturing major systems and
components are large, complex, high-risk, and diverse organizations, extensive
intraorganizational communication is needed. Extensive interorganizational communication is
required where the primary contractor relies on a number of smaller firms to produce particular
parts and accessories. Because the government plays a major role in setting R&D agendas,
regulating the industry, and purchasing aerospace products, strong communication links exist
between the industrial and government sectors. A large part of this communication is devoted to
negotiating and documenting compliance with complex and formal procedures related to
government reporting schedules, specifications, and documentation production. Extensive
formal reporting requirements are needed because of the complexity, uniqueness, and lengthy
development time of many aerospace products. They are also needed because product failures
can lead to the serious losses in terms of both human life and equipment in which millions of
dollars have been invested.

The aerospace industry is highly competitive and engages in extensive military work.
Thus, both proprietary and security concerns will drive the communication behavior of
aerospace engineers and the development of communication systems intended for use in the
aerospace industry. R&D expenditures in the aerospace industry are enormous. This points to
the importance of studies aimed at understanding communication efficiency and effectiveness,
since R&D is largely a communication activity. The extent of R&D in aerospace also indicates

the industry’'s reliance on both scientists and engineers. The extensive use of advanced
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technology in aerospace signals that aerospace engineers may have greater need for and access

to advanced computing and communications infrastructure than do other kinds of engineers.

2.2.3. Aerospace Engineering

This section defines "aerospace engineering” as used in this study and describes the
basic work activities of the aerospace engineer. In practical terms, aerospace engineering is a
label that is applied to a very heterogeneous group of activities, and "is sometimes used more to
designate all engineering activities in the broad industrial sector known as aerospace than to
apply to a specifically defined field of engineering" (Kemper, 1990, p. 257). That is the scope
of the term that will be adopted in this research. A degree in aerospace engineering implies a
focus on aerodynamics, but the industry also employs significant numbers of individuals whose
education and training is based in mechanical, civil, electrical, materials or other types of
engineering. According to the Occupational Outlook Handbook prepared by the Department of
Labor (1990, p. 64):

Aerospace engineers design, develop, test, and help produce commercial and

military aircraft, missiles, and spacecraft. They develop new technologies in

commercial aviation, defense systems, and space exploration, often spedializing

in areas like structural design, guidance, navigation and control,

instrumentation and communication, or production methods. They also may

specialize in one type of aerospace product, such as passenger planes,

helicopters, spacecraft, or rockets.
This succinct description highlights the great diversity of aerospace engineering work.

~Practicing engineers in the aerospace industry can be located in industry, government,

academia or other not-for-profit labs. Many aerospace engineers are engaged in management
activities. Kemper (1990, p. 257) and others note that because the aerospace industry is on the
cutting edge of technical knowledge, it has always been closely associated with scientific

research; thus, a comparatively large number of aerospace engineers are engaged in scientific

activities. The National Science Foundation reports that in 1986, there were about 110,500
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aerospace engineers employed in the United States. This figure represents about 5% of all

engineers (National Science Foundation, 1987).

2.2.4. The Aerospace Industry: Summary and Conclusions

This section identified basic characteristics of the aerospace industry and aerospace
engineering. The current research describes the way that electronic networks are used to support
aerospace engineering work and communication. Clearly, the university aerospace engineer
involved in research on the aerodynamic properties of wing foils will be involved in activities
which differ from those of the corporate aerospace engineer who manages the manufacturing
division of a large aerospace firm that produces jet engines. The work of the aerospace engineer
who designs circuit boards for guided missiles will, in turn, differ from that of the engineering
researcher or manager. Because of this diversity and its impact on communication patterns, it
was important to analyze the results of the current research in terms of various work-related
dimensions, such as respondents' primary area of work specialization, type of employer, type of
engineering product or process, and major job function. The diversity inherent in the work of
aerospace engineers, if combined with the ability to isolate the peculiar characteristics of the
aerospace industry and to analyze network use along various work-related dimensions, also
means that results of the current study will allow inferences about the use of networks by
engineers employed in other industries who perform functions similar to those of the aerospace

engineer.

2.3. Engineering Work

23.1. Introduction
The basic features of the aerospace industry and jobs performed by aerospace engineers
have been described above. This section explores the nature of engineering work in greater

detail, but to do so it must step outside the aerospace realm. Whereas the previous section
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highlighted unique characteristics of aerospace engineering, this section discusses aspects of
engineering work that are common to all fields. What is engineering work like? What tasks
and activities are performed by engineers on a day-to-day basis? These questions are explored
in the management, information science, and science and technology policy literature, and also
in literature that deals, broadly speaking, with the nature of the engineering profession. These
questions are important because the primary aim of this study is to describe relationships
among work tasks, communication activities, and network use as they occur in engineering
environments. Therefore, it is critical to describe engineering work as realistically and
specifically as possible and to explore the way that communication facilitates various work
tasks.

This section describes engineering work processes on both “macro” and “micro” levels
and highlights the diversity inherent in engineering work. Florman, an engineer who has
written extensively on the nature of the profession, proclaims that (1987, p. 64) "the essence of
engineering lies in its need and willingness to embrace opposites. Empiricism and theory,
craftsmanship and science, workshop and laboratory, apprenticeship and formal schooling,
private initiative and government venture, commerce and independent professionalism,
military necessity and civic benefit--all of these and more have their place." For a variety of
perspectives on the history and nature of engineering work, see Adams (1991), Kamm (1989),
Noble (1982), Pletta (1984), and Schén (1967). The next section describes the engineering process
at a macro level and relates this to the tasks and activities that the individual engineer is
likely to perform on a day-to-day basis. It also describes some of the goals and constraints

inherent in engineering work.

2.3.2. AMacro View: The Engineering Process
The characteristic activity of engineers is making things. Expressed more formally,

engineering is usually defined as the application of scientific knowledge to the creation or
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improvement of technology for human use (Kemper, 1990, p. 3). The term “technology” as used
in the context of describing engineering work encompasses tangible products, systems, and
structures. It also includes intangible entities, such as processes. Because engineering is
essentially the construction of manmade objects, engineering work is often described, at the
macro level, as a process that originates with the first idea for a new or improved technology
and ends when the technology is put into use.

The National Research Council (1991, p. 17) describes what it calls “the product
realization process"” as extending "over all phases of product development from initial planning
to customer follow-up.” Phases included in this process are: definition of customer needs and
product performance requirements, planning for product evolution, planning for design and
manufacturing, product design, manufacturing process design, and production. The technology
transfer process is also often described as encompassing stages that move from research to
commercialization (see, e.g., Ballard et al., 1989; Bishop & Peterson, 1991; Marquis & Gruber,
1969; Pinelli, 1991b). In his book on the engineering profession, Kemper (1990) describes the
major functions that are traditionally regarded as parts of "the engineering spectrum"” (p. 23),
including: research, design and development, testing, manufacturing/construction, and sales.
Similarly, Roadstrum (1967, p. 12) notes that people doing engineering work may be occupied in
research and development, design, manufacturing, testing, and marketing.

Based on nearly four decades of experience in private-sector engineering, Hughes (1990,
p- 170) describes the "generic new product introduction cycle" as beginning with market
evaluation and the development of competitive tactics and progressing through the
development of technical specifications, product/process definition, testing and refining, field
testing, production, and delivery. This description of engineering work provides the foundation
for Hughes' recommendations for improving the management of the engineering process. Other
models in the management literature focus on particular stages of the engineering process, such

as R&D, design, or manufacturing. To provide a context for her discussion of engineering
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information systems, Mailloux (1989, p. 239) notes that "conceiving, planning, estimating,
designing, prototyping, testing, evaluating, and implementing are steps in a continuum from the
first idea to the final physical object, " and that "these steps are necessarily carried out within
and as part of a managed, complex effort that usually represents a significant financial
outlay.”

These descriptions of the major stages in the engineering process apply generally to all
kinds of engineering, including aerospace engineering. Pinelli (1991b, p. 12) uses a model of
what he calls "the aerospace innovation process” to describe the information processing system
of aerospace scientists and engineers. His model resembles those described above. It depicts
five basic stages: research, design and development, manufacturing and production, marketing
and sales, and service and maintenance.

A great deal of empbhasis in recent literature is placed on integrating, or simultaneously
completing, the various stages of the engineering lifecycle, from research and development to
design, manufacturing, and marketing. Efforts to accomplish this usually go by the name
“concurrent engineering," which aims to make the engineering process less sequential and more
interactive. Concurrent engineering is the attempt to implement a systematic approach to the
integrated, simultaneous design of technologies and the processes related to their
manufacturing and support. This approach hopes to cause the designers to consider the
requirements (e.g., financial, schedule, user, quality) associated with all phases of the product
life cycle--from conception through use--from the outset. Stoll (1990, p. 86) explains the
rational for taking a more integrative approach to product development or improvement:
"Perhaps the most serious [sic] drawback of the serial approach is that it often leaves life-
cycle cost, quality, and development lead time to chance. By the time problems in these areas
are recognized, iteration to fix them is often expensive and time consuming. The result is
numerous redesigns, suboptimal and costly total designs, poor response to market and

technological change, and excessively long design cycles.”
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Rachowitz, Maue, Angrisano, & Abramson (1991, p. 66) describe concurrent engineering
(called "task teaming") at Grumman, a major aircraft firm: "Task teaming facilitates design
changes when they are most manageable and easy to make. The result is product optimization-
-quality products manufactured with fewer errors in shorter time and at a lower cost.”" The key
to concurrent engineering is communication and, increasingly, communication technology. As
discussed below, many engineering firms are implementing electronic networks in direct support
of concurrent engineering goals.

These high-level models of the engineering process are recognized as idealistic, over-
simplistic, and too linear, but they provide a basic framework for describing engineering work
and for analyzing possible management, policy, and information interventions to improve
engineering effectiveness and productivity. The complexity of the engineering process leads in
some cases to ambiguous, conflicting, and overlapping definitions for particular stages of work.
But the complexity of the process and the financial risks involved in bringing products to
market—on both organizational and national levels—demands that attempts at definition and
understanding be made. Taylor (1991, p. 235) notes that another limitation of these models is
that the engineering process includes not only innovation and the development of new
technology but also small improvements and adjustments to existing products, processes, and
systems.

This section has provided a few examples of what is variously reported in the
Iiteratgre as "the innovation process," "the R&D process," "the technology transfer process,” or
"the product realization process.” These reports differ according to their authors' field of study
and aim, but they have a basic purpose which makes them relevant to this research: they seek
to describe and explain the process by which new or improved products and processes are
developed. Policy analysts and other stakeholders in the Federal government seek an
understanding of the innovation process in order to implement effective R&D, technology

transfer, and industrial policies and programs. Their ultimate aim is to improve the advance of
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science and technology and enhance the nation’s productivity and economic competitiveness.
The management literature contains studies of the R&D process that aim to guide firms in the
development of policies and practices to encourage innovation, speed up product development
cycles, and improve productivity. Information science literature uses such models as a
framework for investigating scientific and technical communication within and among the
various stages. Current emphasis on concurrent engineering has refocused attention on the
importance of defining the various stages of product development in order to integrate them in a
manner that will make the process more effective and efficient; more and better communication
is often seen as a primary mechanism for accomplishing this integration. What these models
have in common, and why they are reviewed here, is that they provide a useful framework for
the discussion of engineering tasks and communication, one that makes sense within the context

of institutional and national policy.

2.3.3. A Micro View: Engineering Tasks and Activities

Engineering work is also described in the literature in terms of the kinds of tasks and
activities which the typical engineer performs on a day-to-day basis. Because engineering
centers on the creation of new things, most engineers perform a wide variety of tasks.
Engineering work involves both cognitive activities and physical tasks that can be
characterized as technical and non-technical, routine and inventive, rational and
serendipitous. The typical engineer invents, manages, makes things, and solves problems
related to all of these activities.

There is general agreement in the literature that an individual engineer is likely to
perform a wide range of technical and non-technical work tasks, including many that may be
classified as information or communication tasks. Kemper (1990, p. 2) notes that there is
“enormous variety in the kinds of things engineers do." He specifies a range of tasks that the

typical engineer performs, regardless of their stage in the engineering process. Such tasks
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include defining problems, coming up with new ideas, producing designs, solving prob!ems,
managing the work of others, producing reports, performing calculations, and conducting
experiments. Hollister (1966, p. 18) also describes the work of the engineer as multi-faceted:
"He begins with an idea, a mental conception. He conducts studies and, when necessary,
research into the feasibility of this idea. He directs the building and operation of what he has
planned.”

Mailloux (1989, p. 239) reports that about "20% of an engineer's time is spent in the
intellectual activities of engineering-- conceiving, sketching, calculating, and evaluating--
with the remaining 80% spent on activities associated with creating, accessing, reviewing,
manipulating, or transferring information.” According to Ritti (1971), engineering work consists
of scientific experimentation, mathematical analysis, design and drafting, building and testing
of prototypes, technical writing, marketing, and project management.

Murotake (1990) used participant observation at two computer systems companies to
develop a taxonomy of engineering tasks and activities that is quite detailed and
comprehensive. Five of the major areas he outlines represent basic engineering process stages.

These areas are listed below, along with the tasks they include:

. Environmental scanning: Market analysis, requirements analysis, technology scanning.

. Analysis: Problem identification, idea generation, experimentation, mathematical
analysis/simulation, cost analysis, trade-off analysis.

. Design: Mechanical design, electrical and electronic design, software design, overall
system design.

. Development: Mechanical prototyping, electrical and electronic prototyping, software
coding and debugging, overall system integration.

. Production: Production and process engineering, quality control, maintenance and
troubleshooting.

The other major areas of work described by Murotake (1990), communication and management,

take place throughout the engineering process:
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. Management: Administrative or group management, project management, technical
management, planning.

. Technical communication: Writing and editing, drafting and drawing, information
search, reading.

. Other communicatipn: Meeting and seminar attendance, briefing preparation and
presentation, education and training.

Murotake's taxonomy includes descriptions of each of the tasks within these major areas. After
developing the taxonomy, Murotake surveyed 73 engineers at the two companies about their
activities. Each engineer completed a questionnaire by indicating the total hours worked at
each task during that day. Aggregate results indicated that engineers spent about 45% of their
time in analysis, design, and development and about 35%-40% percent of their time in
con.'lmunication activities (p. 30). Murotake's detailed description of engineering work
demonstrates the variety of tasks and the diverse nature of the cognitive activities that are
undertaken. His results indicate that there is a great deal of variety in engineering work, on
both individual and aggregate levels, and that communication is a critical aspect of
engineering work.

Whinnery (1965) presents a description of engineering work that elaborates the
essential features of the engineering process (p. 13, citing O'Brien):

(1)  The identification of a feasible and worthwhile technical objective and
definition of this objective in quantitative terms;

(2)  Synthesis of knowledge and experience to conceive a design that meets the

technical objective; quantitative analysis of the design concept to fix the
necessary characteristics of each component and to identify unresolved problems;

(3)  Performance of exploratory research and component tests to find solutions to the
problems;

(4)  Development of concept for the design of those components which are not already
available;

(5)  Re-analysis of the design concept to compare the predicted characteristics with
those specified;

(6)  Preparation of detailed instructions for fabrication, assembly, and testing;
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(7)  Production or construction; and

(8)  Operational use, maintenance, field service engineering.

Note that in this description of engineering work, specific activities are described only for the
conceptual and design components, not for production or maintenance. Design is usually
considered the characteristic feature of engineering work; thus, tasks and activities that make
up the design process are most frequently studied and described.

Roadstrum (1967, p. 7) describes the design process as "Conceive: get new ideas.
Experiment: try them out. Design: work out the details and record on paper. Make: build one or
more from the design. Test: try out. Recycle: repeat and improve as needed.” Alger and Hays
(1964, p. 10) describe the engineering design process as encompassing "recognizing, specifying,
proposing solutions, evaluating alternatives, deciding on a solution, implementing,” and discuss
the nature of the specific activities that design engineers perform in completing these steps.
Buhl (1960) elaborates a model of the engineering design process that suggests the diversity of
the cognitive activities involved:

. Problem recognition: finding a problem situation or mess; problem is formless.
. Problem definition: bring form or orderliness out of problem situation by determining
specific problem to be solved--basic function, reliability, producibility, operation, etc.-

-and requirements which any solution must meet. Define in familiar terms and symbols;
dissect into subproblems and goals; place necessary limitations and restrictions.

. Preparation: by compilation of all past experience in the form of data, ideas, opinions,
assumptions, observations, measurements, past solutions, previous analytical
procedures.

. Analysis: analyze all the preparatory material in view of the defined problems,

interrelation, comparison, evaluation of all information which may have bearing upon
a solution. Bring understanding and form out of prep data by analyzing it to find out
those few basic ideas which have some potential bearing on the problem.

. Synthesis: of a solution from analyzed information. Assemblage of the various items
analyzed to produce possible solutions. Solutions are combinations and arrangements of
the analyzed data and the specific problems.

. Evaluation and selection: evaluate possible solutions and select best. Verification and

checking of various facets of the solution and coordination of all sub-problem solutions
into an integrated whole. A decision. Compare, judge, select, adopt solution(s).
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. Presentation and execution: presentation of necessary information to others in order to
execute the solution. Activation of the solution to satisfy the need recognized. Need to
understand motivations and goals of others.

In Buhl's analysis, engineering design is depicted as a problem-solving activity. In fact,
engineering work, especially design, is often characterized as a problem-solving activity.
Laudan (1984, p. 84) notes that "change and progress in technology is achieved by the selection
and solution of technological problems, followed by choice between rival solutions." Murotake
(1990, p. 18) notes three problem-solving activities in design: breaking a problem into
manageable subcomponents; analogy to similar, previously solved problems; and browsing/
serendipity. Guindon (1990) describes the early stages of design in computer software
engineering. He offers an in-depth analysis of the technical problem-solving process in design
work, based on relating the results of his empirical study to other research. He concludes that
top-down rational models of the decompbsition of design problems apply only to the special
case of very well-structured problems whose correct decomposition is already known. Most
decompositions are opportunistic. They involve “the immediate recognition of a partial
solution in another part of the problem, immediate handling of inferred or added requirements,
drifting through partial solutions, and interleaving of problem specification with solution
development” (Guindon, 1990, p. 327). This characterization of engineering problem-solving
highlights the diversity of the cognitive tasks performed by engineers and the need for flexible
access to many different sources of information.

These descriptions of the work tasks and activities of engineers indicate that the work
performed by engineers is often diverse and multi-faceted, involving a blend of physical and
cognitive activities. The descriptions of engineering tasks offered in the literature suggest the
importance of a variety of engineering resources, including colleagues, print sources, and
analytical tools to engineering work. Further, they suggest that the use of these resources and

way are integrated into engineering work may be planned in some cases and very ad hoc in other
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situations. Thus, these descriptions of engineering tasks and activities suggest that the kind of
quick and flexible access to information, analysis tools, and people that networking can provide
may be an important factor in facilitating engineering work.

Although engineers perform many tasks independently, most products result from team
effort, requiring engineers to share their knowledge and the results of their work with others
(Holmfeld, 1970, p. 156). For complex products, teamwork is required at each stage of the
engineering process. Obviously, no single engineer, for example, designs a jet engine. Design
engineers often need to coordinate their work with the efforts of other design engineers so that
various subcomponents of the system being designed fit together. The literature on concurrent
engineering indicates that teamwork is a natural requirement of the need to progress through
and integrate the various stages of the engineering process. Literature on engineering
communication, from a variety of perspectives, will be discussed below. This literature (e.g.,
Allen, 1984; Ancona & Caldwell, 1990; Barczak & Wilemon, 1991; Kremer, 1980; Shuchman,
1981) confirms the importance of teamwork in engineering work. It indicates that bringing a
product to market requires, for example, that design engineers communicate with management,
legal staff, marketing, and manufacturing to ensure compliance with changing requirements and
constraints and that, further, engineers need to communicate with people outside their
organizations, such as clients, funders, and suppliers.

Another important aspect of engineering work that must be kept in mind is that it is not
simply a technical endeavor. Murotake (1990, p. 20) describes the group nature of engineering
work and emphasizes the importance of its nontechnical elements. He concludes that "the
process of engineering work is not only a technical one, but a social one in which management,
communication, and motivation influence the efficiency, quality, and innovativeness of the
project team's work."

Engineering work takes place in a variety of environments, depending not only on the

nature of the product being developed, and the stage of product development, but also on the
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nature of the employing organization. Organizations employing engineers include universities,
research centers, government laboratories and agencies, and private sector manufacturers and
consulting firms. The basic goal of engineering is to produce usable products at the lowest
possible cost. This goal drives the work and communication activities of virtually all

engineers, but it is manifested to a different degree in different employment settings.

23.4. Engineering Work: Summary and Conclusions

This section described the nature of engineering work at several levels, by presenting
models of the engineering process and discussing the tasks and activities that individual
engineers perform. According to the literature, engineering work is fundamentally both a social
and a technical activity. It is a social activity in that it often involves teamwork, as
individuals are required to coordinate and integrate their work. Engineering is defined as the
creation or improvement of technology; as such, it clearly encompasses both intellectual and
physical tasks, i.e., both knowing and doing. The characterization of engineering work
presented here suggests immediately the importance of communication to the accomplishment
of work tasks at both the macro and micro levels. It also suggests that engineers require access
to a variety of tools and resources in order to accomplish their work. Thus, one would conclude
that electronic networks, to the extent that they facilitate communication and extend access to
needed analytic tools and information resources, have the potential to greatly improve the
conduct of engineering work. The next section explores the nature of engineering knowledge in
order to arrive at a deeper understanding of engineering work, which may be viewed as the
creation of knowledge, and engineering communication, which may be viewed as the transfer of

knowledge.
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2.4. Engineering Knowledge

2.4.1. Introduction

What kinds of knowledge do engineers need to perform the tasks and activities
described above? How is this knowledge acquired? These questions must be answered in order
to understand the substance of engineering communication and its relationship to engineering
work. Research in the sociology and history of technology strives toward a better
understanding of the nature of technological work, the way that new technologies are
developed, and the growth of technological knowledge. Although this body of work is less
well developed than is work devoted to the investigation of scientific knowledge, it has
yielded useful findings. This section describes findings, from a sociological and historical
perspective, on the nature of engineering knowledge, its relationship to engineering work, and
the role of the engineering community in knowledge creation and transfer. These topics are so
closely intertwined, in fact, that it is difficult to discuss one without the other. As noted by
Vincenti (1990, p. 257) "... engineering knowledge cannot—-and should not—be separated from
engineering practice. The nature of engineering knowledge, the process of its generation, and
the engineering activity it serves from an inseparable whole. What we eventually need to

comprehend is the whole of engineering behavior—what it is that ‘engineers really do.' "

2.42. Anatomy of Engineering Knowledge

| As noted above, engineering practice involves both knowing and doing. Literature on
the nature of engineering work describes an activity that incorporates art and craft, science and
technology. Because engineering work is directed to the achievement of social and economic
goals, engineers also require knowledge about the world around them, especially the costs and
benefits (social, technical, and financial) of their activities and results. Even the popular
literature suggests the wide variety of knowledge needed by engineers due to the diversity of

their work (Hollister, 1966, p. 18):
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[The engineer's] task is not alone that of contrivance with material things, for

which he must possess an extensive working knowledge of scientific principles

and facts. He must also thoroughly understand the functions to be performed by

the projected work when it is completed, the methods of its manufacture and

construction, and the economics that govern its use. He must have an

understanding of the crafts that are to be used and of the organization of the

work. It is his responsibility to coordinate and guide the contributions of labor,

machines, money, and ideas, and to exert the control necessary to attain his

objectives within the prescribed limits of time, cost, and safety.

Florman (1987, p. 64) emphasizes that engineering involves both routine and creative thought:
"Although engineering is serious and methodical, it contains elements of spontaneity.
Engineering is an art as well as a science, and good engineering depends upon leaps of
imagination as well as painstaking care” (p. 75). Scholarly literature on the nature of
engineering knowledge reinforces such popular accounts. Donovan (1986, p. 678) asserts that the
range of scientific and technical knowledge used by engineers includes "not only the more formal
types of experimental and theoretical knowledge but also all forms of practical skill and tacit
understanding as well ..."

Schon (1983) deals extensively with engineering in his book on the nature of
professional knowledge and work. His work will be presented in some detail here because it
portrays both what engineers do and the nature of the knowledge they need to perform their
work. Schon rejects the model of technical rationality which is typically applied to scientific
and technical professions. This dominant model portrays professional knowledge as "the
application of scientific theory and technique to the instrumental problems of practice” (p. 30).
He argues instead that the situations encountered by practicing professionals are increasingly
characterized by "complexity, uncertainty, instability, uniqueness, and value conflicts (p. 14);

such situations require intuitive, artistic, and ethical responses in addition to purely technical

and rational ones. Schon labels this model of professional work "tacit knowing-in-action” (p.

49).
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To illustrate his argument, Schén describes the development of a new process to produce
a desired gunmetal color. He represents the activities of the mechanical engineers involved in
this project as "a reflective conversation with the materials of the situation ... [that] wove its
way through stages of diagnosis, experiment, pilot process, and production design" (p. 175).
Throughout this process, experiments are used to explore puzzling phenomena, test the
applicability of potentially useful theories, or achieve particular technological effects. These
experiments, however, often produce unanticipated phenomena and outcomes, which then
trigger new hypotheses, questions, and goals (p. 177). Schén's analysis of this and other
examples suggests that the knowledge required to reach a technological solution is derived
from the integration of intuition, past experience, creativity (often in the form of analogy
development), theory, experimentation, and reflective thinking that occur in a particular
problematic situation. He also argues that engineering solutions incorporate social and ethical
considerations.

The notion of tacit knowledge permeates discussions of engineering work. Polanyi (1966,
pp. 6-7) describes tacit knowledge—part experience, part intuition, part tactile sensation--as
combining "knowing what" and "knowing how" and declares that it is expressed in such actions
as expert diagnoses, the performance of skills, and the use of tools. Laudan (1984, pp. 6-7)
discusses the tacit component of engineeﬁng work and considers it to be a contributing factor in
the inaccessibility of technology and its practice to scholarly study.

Tacit knowledge is, by definition, not encoded in verbal form. Another important type
of engineering knowledge, visual information, shares this characteristic. The importance of
visual information in technological work is the subject of a paper by Ferguson (1977) and is also
discussed by Breton (1981). Layton (1974, p. 37) describes this phenomenon, too: "technologists
display a plastic, geometrical, and to some extent non-verbal mode of thought that has more in
common with that of artists than that of philosophers.” The importance of these-two

nonverbal modes of thought is rooted in the essence of engineering as production of physically-
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encoded knowledge. Engineers must know how to make things, and the results of this knowledge
are encoded in the objects produced. A number of authors have noted this as a critical
distinction between the nature of scientific and engineering work (e.g., Allen, 1984; Pinelli,
1991a) and have suggested its implications for information transfer. Both scientists and
engineers consume and produce knowledge. But whereas scientists consume and produce text
(with the journal article as the archetypal form), engineers rely much more heavily on
nontextual information, such as informal communication, drawings, and the investigation of
physical obiects to acquire the knowledge they need to perform their work. Similarly, the
output of engineering work is often nontextual in nature (e.g., designs, physical devises).
Although this distinction between scientific and engineering knowledge is valid, it should not
cloud the fact that many engineers perform a number of tasks that are typically considered to
belong to the realm of science, such as experimentation, and that many engineers require a
knowledge of scientific theories to conduct their work.

The nature of the relationship between science and technology has often been discussed
in the literature, and the nature of engineering work and knowledge is often explored from
within this context. A number of early theorists held that engineering work was a purely
technical or craft activity and that engineering knowledge derived from scientific knowledge.
The dominant view today seems to be that technology represents an autonomous body of
knowledge which interacts with science in complex ways. Gutting (1984, p. 63), for example,
asserts that: "Technology is (like pure science) a cognitive enterprise, producing its own
distinctive body of knowledge about the world. Technology is also (unlike pure science) a
practical enterprise, concerned with the most immediately pressing needs of the society in
which it exists.” Weingart (1984, p. 115) argues that "both science and technology are systems
of knowledge evolving in structures of social action.” Layton (1974) concludes that technology
is not merely applied science or the use of techniques, that science is not the source of all

technical knowledge, and that technology produces its own new knowledge.
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On the other hand, a number of writers also point to similarities in the methodolpgies
of science and engineering. Florman (1987, p. 64) describes engineering work as encompassing
both theory and empiricism. Ziman writes that (1984, p. 130): "Technological development
itself has become 'scientific": it is no longer satisfactory, in the design of a new automobile, say,
to rely on rule of thumb, cut and fit, or simple trial and error. Data are collected, phenomena
are observed, hypotheses are proposed, and theories are tested in the true spirit of the
hypothetico-deductive method.”

Research in the sociology and history of technology has shed light on the nature of
engineering knowledge, often by a close examination of the development of individual
technologies. Holmfeld (1970), Constant (1980), and Vincenti (1990) offer just such detailed
studies. Moreover, all three of these studies are based on investigations in the field of
aerospace engineering.

Holmfeld (1970) produced a sociological study of the communication behavior of 70
scientists and engineers working on the problem of combustion instability in liquid propellant
rocket engines. The study was based on in-depth interviews conducted in a number of
organizations. One focus of the study was on elucidating the nature of engineering knowledge.
Holmfeld found that “technological knowledge is based to a high degree on intuition grounded
in extensive individual experience” (p. 121). Many of the engineers interviewed emphasized
that an important aspect of engineering knowledge resided in the "feel" that one has for the
objects of work. Holmfeld concluded (p. 127) that part of this feel is implicit, existing only in
the mind and hands of the individual. The rest, however, was made explicit and resided in
local records of test results, design variations, and other kinds of data. The content of this
knowledge includes calculations based on empirical work, widely agreed upon rules of thumb
and practices, and the vague statements that are used to try to express the tacit knowledge

embodied in having a good feel for one's work.
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Holmfeld also found three other common mechanisms for generating needed knowledge
in engineering work. Engineers rely on the "cut and try” method to refine and fine tune (p. 129).
They also frequently search their memories for familiar concepts and designs in order to
increase their confidence ip some new variation (pp. 134-135). Finally, they make use of that
scientific knowledge which they deem to be relevant and readily applicable. This knowledge
is often in the form of a simple fact, such as the optimum hole size or speed rotation, derived
from scientific work (p. 148).

Constant (1980) presents a detailed history of the origin of the modern jet engine. His
study was undertaken in order to explore "the nature of widely shared technological traditions,
the-characteristics of and interrelations among the people who work with those technologies,
and the ways in which those technologies change, specifically the roles and relative
importance of incremental versus discontinuous or revolutionary changes, and the roles of
advances in theoretical science and of testing and experiment in technological change" (p. 3; see
also Weingart, 1984 for a discussion of the nature and structure of technological change.)
Constant presents a "variation-retention” model of technological change that is based on the
process of random variation and selective retention that occurs in biological organisms.
Technological conjecture, which can occur as a result of knowledge gained from either scientific
theory or engineering practice, yields potential variations to existing technologies. These
variations are subsequently tested, and successful variations are retained (pp. 6-7). In the case
of the turbojet revolution, technological conjecture was based on engineers’' knowledge of
scientific theories; the design, development, and testing of systems that resulted in the
retention of the most successful variation involved, on the other hand, the technical and craft
knowledge needed to carry out those tasks.

In characterizing the nature of engineering work and knowledge, Constant notes that
the basic activities of technological work mirror those of scientific work in that both follow

the procedures inherent in the scientific method. He characterizes this method as "the bold

41



conjecture of theoretical systems--their basic entities and the relationships among them--
followed by the rigorous testing and refinement of those conjectured systems" and asserts that
“the application of this scientific method to technology would seem to have become
increasingly pervasive and effective since, at the latest, the beginning of the nineteenth
century” (p. 20).

Vincenti (1990) traces five "normal” (as opposed to revolutionary) developments in the
history of aerospace engineering to detail what he calls "the anatomy of engineering design
knowledge." His examples reveal that technological developments require a range of
scientific, technical and practical knowledge as well as information about social, economic,
military, and environmental issues. Vincenti also conducts three important analyses of
engineering knowledge.

The first involves his own elaboration of the variation-selection model of the growth
of technological knowledge, an analysis that recalls the descriptions of the engineering design
process presented in Section 2.3 above. Vincenti concludes, after examining numerous examples
from history, that the mechanisms for producing variations in engineering design include three
types of cognitive activities (p. 246): searching past experience to find knowledge that has
proved useful, including the identification of variations that have not worked; incorporating
novel features thought to have some chance of working; and "winnowing" the conceived
variations to choose those most likely to work. Vincenti notes that these activities occur in an
interactive and disorderly fashion. Selection occurs through physical trials such as everyday
use, experiments, simulations (e.g., wind tunnels), or analytical tests such as sketches of
proposed designs, calculations, and other means of imagining the outcome of selecting a
proposed variation (pp. 247-248).

Vincenti (pp. 197-198) also proposes a schema for engineering knowledge that
categorizes knowledge as either descriptive (factual knowledge), prescriptive (knowledge of

the desired end), or tacit ( which he defines as knowledge that cannot be expressed in words or
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pictures but is embodied in judgment and skills). Descriptive and prescriptive knowledge are
explicit; tacit knowledge is implicit. Both tacit and prescriptive knowledge are procedural
and reflect a "knowing how.” Finally, Vincenti (pp. 208-222) enumerates and defines specific
engineering knowledge categories: fundamental design concepts, criteria and specifications,
theoretical tools (i.e., mathematical methods and theories and intellectual concepts),
quantitative data, practical considerations, and design instrumentalities (i.e., procedural
knowledge and judgmental skills). He then presents a matrix that details how each type of
knowledge is acquired. The possible sources of engineering knowledge that he describes include:
transfer from science or generation by engineers during invention, theoretical and experimental

engineering research, design practice, production, and direct trial and operation (p. 235).

2.4.3. Knowledge and the Engineering Community

The concept of "community” is important for understanding both work and
communication. As members of a profession, engineers share a common knowledge base and set of
espoused values. The profession prescribes its own approach to work behavior. As emphasized
above, engineering is a social activity; especially in aerospace, most work is accomplished as a
result of group effort. Further, communication always takes place within a social context; to
understand the nature and meaning of cofnmunication, one needs to understand its social context.

Studies of scientific communities look at the values, norms, knowledge, methods,
reward system, and culture shared by community members (see, e.g., Barber, 1952; Doty,
Bishop, & McClure, 1990; Kuhn, 1970). Further, the role of informal communication in
cementing the community is frequently noted. Gaston (1980, p. 495) notes that "[the problem of
the internal workings of the technological community] is virtually unexplored.... In contrast to
the sociology of the scientific community, little is known about the sociology of the
technological community.” Constant (1980, p. 8) also notes the lack of research on technological

communities. He writes that "While extensive research has been done on 'invisible colleges,’
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research fronts, and the community structure of science, there has been little analogous [sic]
sociological or historical investigation of technological practice.” Rothstein (in Petrucci and
Gerstl, 1969) argues that the model of a profession as a community is inadequate to describe
engineering behavior. He argues that the huge variety of occupations and disciplines in
engineering demonstrates that there is no such thing as a single engineering community.
Further, he contends that most discussions of professional communities fail to direct enough
attention to the nature of professional knowledge and its influence on behavior. The
heterogeneity, rate of change, and degree of specialization of engineering knowledge also leads
to the emergence of specific communities in engineering.

Some work, however, has begun to explore the extent to which members of an
engineering community share similar work tasks, goals, and methods; are governed by shared
social and technical norms; and engage in extensive informal information exchange among
themselves. Laudan (1984, p. 3) finds justification for this approach in that "cognitive change
in technology is the result of the purposeful problem-solving activities of members of relatively
small communities of practitioners, just as cognitive change in science is the product of the
problem-solving activities of the members of scientific communities.” Layton (1974, p. 41) also
claims that " ... the ideas of technologists cannot be understood in isolation; they must be seen in
the context of a community of technologists ..." Donovan (1986, p- 678) notes that “the study of
engineering knowledge must not be divorced from the social context of engineering” and suggests
that "the interplay of social values and theoretical understanding in the evolution of scientific
disciplines certainly has its analogues in engineering, although the values and knowledge
involved are often quite different.”

Rosenthal (1990) discusses the design-manufacturing team in new product development.
He says that such teams represent "a community of interest” with a shared commitment to the
group effort. The group shares information and advice, as well as instructions and decisions (p.

45). He describes the difficulties in merging these two subcommunities or cultures, because
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designers and manufacturers have developed their own "tacit understandings built up through
years of working on particular problems with special points of view" (p. 44).

The notion of community has also been addressed in connection with aerospace work.
Vincenti (1990, pp. 238-240) describes informal communities of practitioners as the most
important source of knowledge generation and means of knowledge transfer in aerospace. He
defines a community as those involved in work on a particular aerospace development or
problem (e.g., fasteners, airfoils, or propellers). Vincenti attributes several functions to these
engineering communities. Competition between members supplies motivation, while
cooperation provides mutual support. The exchange of knowledge and experience generates
further knowledge, which is disseminated by word of mouth, publication, and teaching and is
also incorporated into the tradition of practice. The community also plays a significant role in
providing recognition and reward.

Vincenti (1990) also describes the particular roles of important types of aerospace
engineering institutions, such as government research organizations, university departments,
aircraft manufacturers, military services, airlines, professional societies, government
regulatory agencies, equipment and component suppliers. He concludes, however, that "As with
individual engineers, formal institutions do a complex multitude of things that promote and
channel the generation of engineering knowledge. They do not, however, constitute the locus for
that generation in the crucial way that informal communities do. Their role [...] is to supply
support and resources for such communities” (p. 240).

Constant (1980, 1984, p. 29) also describes aerospace communities as the central locus of
technological cognition. He notes that the aeronautical community is, in fact, composed of a
multilevel, overlapping hierarchy of subcommunities (1980, pp. 9-10). He argues that
technological change is better studied at the community level than at the individual, firm,

national, or industry levels. Constant describes the community as the embodiment of traditions

of practice (1980, p. 10):
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[Technological traditions of practice] define an accepted mode of technical
operation, the conventional system of accomplishing a specified technical task.
Such traditions encompass aspects of relevant scientific theory, engineering
design formulae, accepted procedures and methods, specialized
instrumentation, and, often, elements of ideological rationale. A tradition of
technological practice is proximately tautological with the community which
embodies it; each serves to define the other. Traditions of practice are passed
on in the preparation of aspirants to community membership. A technological
tradition of practice has, at minimum, a knowledge dimension, including both
software and hardware, and a sociological dimension, including both social
structure and behavioral norms.
Constant discusses the nature of community norms in engineering. He alleges that, at least in
connection with complex systems, there are (1980, p. 21) "fundamental social norms governing
the behavior of technological practitioners which are very close in structure, spirit, and effect
to .the norms governing the behavior of scientists.” Such norms guide the development of
techniques and instruments and the reporting of data. Constant also argues for the existence of
"counternorms" (see Mitroff, 1974, for a discussion of counternorms in scientific communities):
"Technological practitioners are required to be objective, emotionally neutral, rational, and
honest. Yet technological practitioners often are—and protagonists of technological revolution

usually are--passionate, determined, and irrationally recalcitrant in the face of unpleasant

counterevidence bearing on their pet ideas"” (Constant, 1980, p. 24).

24.4. Engineering Knowledge: Summary and Conclusions

The diversity of engineering work is closely associated with the diverse nature of
engineering knowledge. The literature reviewed in this section describes engineering
knowledge as being comprised of scientific laws, engineering principles, community rules of
thumb, experience, intuition, and creativity. This section also describes the role of the
engineering community in knowledge production and transfer. In the next section, the focus of
this literature review shifts from the nature of engineering work and knowledge to an

exploration of the nature of engineering communication.
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2.5. Engineering Communication

2.5.1. Introduction

The goal of the current study is to investigate the use of electronic networks by
aerospace engineers, focusing on relationships between network use, engineering work, and
engineering communication. Previous sections of this literature review provided an overview of
the aerospace engineering environment and then discussed the nature of engineering work in
greater detail. Engineering knowledge, an essential link between engineering work and
communication, was also discussed. Literature reviewed in these previous sections suggests that
aerospace engineers perform both scientific and technical tasks. Aerospace engineers also
appear to conduct their work as members of both formal organizations and informal
communities. This section describes and discusses literature on the nature and purpose of
engineering communication and its impact on engineering work. It also describes empirical
findings on the use of a variety of work tools and information resources by engineers. This
sections brings together literature from a variety of fields, including information science,
communications, management, and sociology. In order to set the context for subsequent discussion
of electronic networks, it begins with an overview of the nature and purpose of human
communication networks in science and technology environments. It then moves on to review

empirical studies of engineering communication.

2.5.2, Social Networks in Science and Technology

Studies of social (or “human resource”) networks and their utility for information
exchange and other forms of support have been conducted in a number of domains. These studies
discuss the importance of human networking in both informal communities and formal
organizations. In describing the links between community membership and communication, they
generally conclude that informal social networks increase the diversity of available contacts

and provide a valuable means for acquiring information and resources, solving problems, and
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receiving social and moral support. A thorough review of this literature is beyond the scope of
this dissertation, but selected discussions of the role of informal networks in formal
organizations are highlighted because they provide a useful context for the study of
interpersonal communication, both traditional and electronic, in scientific and technical
communities.

Dosa, Farid, and V'as'arhelyi (1989) review literature on social networks in health,
scientific, business, and policy settings. They define a human resource network as "the mutual
support mode of sharing knowledge, observations, documentation, data or opinions by people
who are well informed" in some area (p. 6) and describe the transactions in an information
sharing network as including "information acquisition, referral, information sharing, resource
identification, resource acquisition, verification, [and] opinion exchange" (p. 7). Reporting on
the results of a health information sharing project, Dosa (1985) describes the differences
between people acting as individuals (i.e., as members of informal networks) and those acting
as official members of their organizations (i.e., as members of formal networks) in regard to the
types of information exchanged and the motives and constraints of information sharing. Among
the types of information that are exchanged by individuals acting as members of an informal
community are expertise, ideas, methods, processes, opinions, personal files, memoranda,
unpublished papers, proposals, research data, field observations, engineering designs,
collections of specimens, and compounds (p. 111). Thus, the social network was found to be the
primary means for exchanging information that is informal, visual, or encoded in physical
objects.

Hellweg (1987) reviews studies of "organizational grapevines." She provides a typical
definition of formal and informal communication networks. The formal network is represented
by the organizational chart and "systematically established for the transmission of officially
sanctioned messages,” while the informal network is "emerges spontaneously and is

situationally defined” (p. 214). Hellweg concludes that organizational grapevines allow for
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the interpretation of management messages, provide a means for employees to socialize and
make comments off the record, allow management to gauge employees' feelings and obtain their
input in decision making, are an effective mechanism for the dissemination of some types of
information, and are especially valuable for communicating in times of crisis. Informal
networks can also produce negative effects when the information disseminated is prematurely
leaked, inaccurate, or distorted.

Clampitt (1991, pp. 86-89) notes that every organization has both a formal and an
informal network. He cites a 1990 survey of 40 companies and over 45,000 employees showing
that the organizational grapevine is the second most frequent source of information for
employees, even though it is the least preferred. Clampitt analyzes other studies to suggest
possible reasons for the use of informal channels in organizations. He notes that the grapevine
is fast; it provides an outlet when the formal network is "clogged"; it reduces uncertainty in
exceptional situations and satisfies affiliation needs; it carries a great amount and variety of
information; and it tends to be accurate. Dangers associated with informal networks in
organizations are also cited. If "poor quality" information suffuses an organization through the
informal network, the result can be anxiety, poor decisions, low morale, perceived favoritism,
and reduced productivity (p. 89).

Farace, Monge, and Russell (1977) also discuss organizational network structures and
roles, and review research approaches and results. The in-depth analysis of communication
functions that they provide is particularly valuable. They enumerate the functions of
organizational networks (pp. 179-180) as: communication, coordination and control,
achievement of production goals, incorporation of new ideas and practices, and member
socialization and maintenance. They describe the informal network as "the network of
interaction that can (and does) range broadly across different content areas, use various
communication modes, and perform much broader functions than the formal network” (p. 179).

Farace et al. (1977) note that individuals use different pathways (both formal and informal) to
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exchange messages serving different communication functions. The authors offer an analysis of
the differing networks for communication about work-related matters ("the work network”) and
communication that diffuses new information ("the innovation network”). Their chief point is
that identifying and understanding the various communication networks used by employees can
be used to improve organizational functioning and productivity. Schon (1971) also notes the
existence of different kinds of networks in organizations. He describes "shadow networks" as
filling the gap between fragmented services and a more highly aggregated functional system.
Such networks smooth institutional transitions and reduce uncertainties, helping people to get
things done when formal networks fail (p. 191).

Mueller (1986) presents a wide-ranging discussion of human resource networks in
corporations. He interweaves research results, personal experiences, and anecdotes. Informal
networking experiences in the corporate world are compared to everything from lonely hearts
clubs to tribal customs to the Flying Wallendas. Mueller synthesizes this unusual mixture of
material to arrive at his view of the essence of networking, which is that it allows individuals
to obtain information, influence, expertise, and support. Mueller's view of organizational
grapevines corresponds with those presented above (1986, p. 79):

- we tend to forget the value of social networking, the informal gossip

channels, and verbal and written grapevines that persist in all organizations

like crabgrass in a well-trimmed lawn. Stamping out these informal channels

is not possible, nor should it be a goal. Actually, grapevines can provide a

check and balance on poorly conceived plans, the rise of favoritism, and

emotional situations and decisions. . Grapevines provide management with

uncontrolled feedback about the climate, morale, and social health of the firm,

and about what is really happening in the organization.

Mueller also notes that "Norms, values, beliefs, and codes are transmitted by networks" (p. 10).
His central argument is that institutional hierarchies of authority and control limit the
ability of individuals to act and should be balanced by social networks, which are "self-

organizing, overlapping, open-ended, and fluid" (p. 114). Mueller argues that networks are an

important factor in improving organizational innovativeness and productivity, citing his 1984
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study that revealed "an organizational style with easy communication and human networking"”
as the common attribute of ten innovative companies. He also argues that social networking can
be transformational, leading to personal empowerment and individual growth. Mueller
advises organizations to overlay such "networking concepts and practice with the hierarchical,
bureaucratic paradigm of traditional organizational functioning” (115). His vision of the
networked organization of the future relies not only on new organizational attitudes but also on
new technology; he notes that electronic networks "can multiply the effectiveness of a
decentralized human network in speed, capacity, and accuracy” (p. 74). Mueller warns that “If
we don't transform our conventional, hierarchical structures into cross-level networking
systems, many of our institutions will continue to decrease in effectiveness” (p. 13).

The literature presented above focuses on the role of informal communication in formal
organizations. It suggests that social networks, while they have drawbacks, can also fulfill
both individual and institutional goals. Informal networks facilitate the exchange of expertise
and other information—beyond that available through formal channels--that provide social
support and empower individuals to be more efficient, innovative, and productive. Discussion
now turns to whether or not these findings are applicable to engineering work; literature that
describes the functions of interpersonal communication networks in science and technology
environments is reviewed.

Connolly (1983) discusses organizational communication theory as it applies to
scientists and engineers. He notes that in order to bring technical solutions into being as actual
products or processes, engineers are required to communicate effectively with clients, colleagues,
and other co-workers, and that problems may occur when communication partners do not share
the same "codebook,” or because messages carry both overt and symbolic meanings. Connolly
devotes special attention to a discussion of communication networks in R&D labs. He asserts
that for scientists and engineers performing development work, communication tends to follow

the formal organizational hierarchy, but "for those involved in more basic research, the
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pattern tended to be both less centralized and less hierarchical, with people sharing ideas and
discussion with whomever seemed relevant to their current problems, regardless of rank or
department" (p. 105).

A number of sociologists have described the nature of the information needed by people
performing scientific and technical work and have concluded that informal social networks are
important for conveying the ideas, hints, tacit knowledge, and expertise that people
performing scientific and technical tasks need. Most of this work is aimed at analyzing the
production of knowledge; it is basically inductive, arrived at by thinking about particular
cases from history or personal experience. Interpersonal communication is placed within the
context of the practice of research, which is often described as an "art" or "craft” activity.
These studies do not deal specifically with engineers--they usually describe scientists or
researchers—but they relate interpersonal communication to the same kinds of specific tasks
and activities that have been attributed to engineering work.

Ravetz (1971) presents perhaps the most complete analysis of the nature and
importance of what he terms "craft knowledge” in R&D work, and of its conveyance through
informal communication channels. Ravetz portrays the researcher as a "craftsman" who (p.
75):

works with particular objects [including both material and intellectual

constructs]; he must know their properties in all their particularity; and his

knowledge of them cannot be specified in any formal account [...] he must
develop a personal, tacit knowledge of his objects and what he can do with

them, if he is to produce good work.

Researchers must gain craft knowledge, through their own experience or through informal
communication with more experienced researchers, to avoid pitfalls in their work and to
satisfy the technical norms prevalent in their particular community for collecting and
analyzing data and for assessing the adequacy of one's solution to a research problem.

According to Ravetz, one of the most important uses of interpersonal communication is

for the transmission of craft knowledge related to research methods (p. 77):
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The transmission of methods is accomplished almost entirely within the
interpersonal channel, requiring personal contact and a measure of personal
sympathy between the parties. What is transmitted will be partly explicit,
but partly tacit; principle, precept, and example are all mixed together. There
is no substitute for such personal communication; messages whose transmission
requires a prior formulation and clarification of ideas (as even in a letter to a
colleague), will necessarily be impoverished in their content of private craft
knowledge.

Ravetz sums up (p. 179):

In conclusion, we may consider the two channels of communication and their

contents as a pair of interpenetrating opposites. The one distributes and

preserves the results of the work, while the other governs the work itself; one

is public and explicit, while the other is informal and interpersonal. The

contents of the public channel are in principle permanent, and exist

independently of the circumstances or ultimate fate of the work which
produced them; while the body of methods, bound to a very particular personal
experience (both technical and social) directly control the future contents of the

public channel. The results of scientific inquiry are in principle based on

controlled experience and rigorous argument; but the methods governing the

inquiry itself are a particularly subtle craft knowledge, different in nature from
scientific knowledge.
Ravetz also emphasizes the importance of both social and technical factors in the conduct of
research and, specifically, in research communication.

Ziman has written extensively on the nature of science as a social activity and the role
of informal communication as part of this social fabric. He recognizes that scientific
investigation "is a practical art" that.is "not learnt out of books, but by imitation and
experience” (Ziman, 1968, p. 7). This characterization applies to much engineering work as
well. It describes a context in which informal communication plays a significant role as a means
of conveying the results of personal experience and intuition from one researcher to another.
Ziman credits "unofficial channels” such as "private correspondence ... conferences and
meetings, interchange of manuscripts and data, sabbatical leaves, consulting visits, seminars,

conversations around the coffee table” with providing "a grapevine of hints and ideas,

observations and opinions" (p. 108). He concludes that "the informal system of scientific
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communication is quite as important as the formal system, although having a different
function” (p. 116).

Garvey (1979, p. 266) found that the use of journals and local colleagues, the two types
of information sources used most often by researchers (his use of the term seems to encompass
both scientists and engineers), were complementary, for the most part fulfilling different needs.
Local colleagues provided information for selecting a design or strategy for data collection,
selecting a data-gathering technique, designing equipment and apparatus, and choosing a data
analysis technique. Journals were most important for placing work in the proper context, and
integrating findings into current knowledge. The two sources coincided in their importance for
problem definition, formulating a solution, and interpreting data.

Wilson and Farid (1979, p. 130) note that "behind the public story finally formulated
and presented to the world lies the private story of what went wrong as well as what went
right, of successive attempts and corrected versions, of mistakes and lucky guesses, of detours
and discouragements.” Vincenti (1990) presents aerospace engineering work in a very similar
light. He notes that “Errors and misconceptions inevitably arise and must be detected and
surmounted; the number of these that end up in even the unpublished archival record can never
constitute more than a small part of those encountered. The [individual] learning, in short,
while it is going on is messy, repetitious, and uneconomical" (p. 11).

Beveridge (1957) produced an early, classic treatise on the art of scientific
investigation. He proposes informal discussion as an important stimulus to the scientific mind.
More specifically, he notes that the discussion of problems with colleagues may be helpful in

several ways (p. 85):

. The other person may be able to contribute a useful suggestion.

. A new idea may arise from the pooling of information or ideas from two or more persons.
. Discussion provides a valuable means of uncovering errors.

. Discussion is usually refreshing, stimulating and encouraging.
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. Discussion helps one escape from an established habit of thought which has proved
fruitless. '

Beveridge's analysis seems to prefigure some of the conclusions about the role of informal
communication in science and engineering that were subsequently established empirically by

Garvey (1979), Allen (1984), and others.

In reviewing the literature on invisible colleges, Cronin (1982) enumerates the
advantages of interpersonal communication among people engaged in work on similar problems,

stating that they:

. Encourage feedback and increase researcher motivation;

. Play a part in helping to establish priority and discovery;

. Allow for reality-testing; for sounding out ideas and theories;

. Have an important current-awareness function;

o Can facilitate boundary spanning, i.e., help transmit ideas across disciplines;

. Have a bonding effect on groups with more or less shared research orientation; and

o Increase the match between information needs and information delivery by being direct

and personalized
Cronin asserts that informal communication improves one's productivity and status because
(1982, p. 215):
... it ensures that participants in (even loosely defined) networks are able to
keep abreast of current developments (it also allows for the transmission of
procedural or technical/equipment-related data which cannot always be
satisfactorily conveyed via the primary publication media), and [...] it
reinforces the group's sense of identity and purpose.
Once again, this description is very similar to descriptions of the functioning of aerospace
engineering communities presented above (e.g., Constant, 1980; Vincenti, 1990).
Granovetter (1973) recognizes a benefit of informal communication for both individuals

and scientific progress as a whole, one that gains in import as research becomes increasingly

interdisciplinary. He finds that weak ties (i.e., communication among people that are not
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members of the same work group and may not even be formally acquainted with each other)
facilitate more extensive communication flow and carry ideas across discipline boundaries.

Recent years have seen the emergence of ethnographic studies of the working life of
researchers. These studies (e.g., Knorr-Cetina, 1981; Latour, 1987; Latour and Woolgar, 1979;
Lynch, 1985), although not monolithic in their theoretical bases, are conducted like
anthropological field studies and draw attention to the personal, political, and other social
factors that guide the behavior of researchers and, in particular, the production and transfer of
scientific and technical knowledge.

Gilbert and Mulkay (1984, p. 53) report that "scientists stressed that carrying out
experiments is a practical activity requiring craft skills, subtle judgments, and intuitive
understanding.” They use discourse analysis to identify and characterize two main
“repertoires” used by researchers to explain their activities. The empiricist repertoire appears
almost exclusively in the formal literature. It "portrays scientists' actions and beliefs as
following unproblematically from the empirical characteristics of an impersonal natural
world” (p. 56). The contingent repertoire, on the other hand, is frequently exhibited by
researchers in informal communication. It portrays actions and beliefs as idiosyncratic,
"heavily dependent on speculative insights, prior intellectual commitments, personal
characteristics, indescribable skills, social ties and group membership” (p. 56).

Summarizing the implications of this literature on social networks and the nature of
work rfor the current study, it provides further support for the proposition that informal
communication networks are important for cementing the social structure of engineering work
and for improving the ability of engineers to produce technically competent work. Informal
communication allows access to the craft and tacit knowledge and private versions what
happened during the course of a particular project. This type of knowledge often does not
appear in formal information sources and yet is vital to the conduct of scientific and technical

work.
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2.5.3. Empirical Studies of Engineering Communication

The information needs and communication habits of scientists and engineers have been
studied by researchers in the fields of information science, communications, and management.
Reviews of this research appear most frequently in the library and information science
literature (e.g., Menzel, 1966; Pinelli, 1991a; Poland, 1991). Poole (1985) compares and
analyzes the results of approximately one hundred empirical studies of information use by
scientists and engineers, distilling common principles from this work.

A significant amount of the literature on scientific and technical communication is
oriented chiefly toward scientists, especially in policy, communications, and sociology studies
(see, e.g., Nelson & Pollack, 1970; Garvey, 1979; Hagstrom, 1965; Meadows, 1974). It is
traditionally acknowledged that scientists and engineers differ in regard to the kind of
information they need and the manner in which information is acquired and produced, even
though they perform similar tasks. These differences in information seeking and use behavior
are attributed to differences in the nature and goals of work, institutional settings, and reward
structures. Discussions of these differences appear in Allen (1984, pp. 2-5), Holmfeld (1970),
Pinelli (1991, pp. 88-91), and Taylor (1986, pp. 39-40).

The studies that explore the information needs and communication patterns of engineers
may be divided into several groups. For example, a number of studies of information and
communication behavior have either been devoted exclusively to the information needs and
communication habits of engineers or present separate results for engineers (Allen, 1984;
Kaufman, 1983; Kremer, 1980; Pelz & Andrews, 1966; Pinelli, 1991b; Rosenbloom & Wolek,
1970; Shuchman, 1981). A significant number of studies focus on the impact of STI exchange on
the innovation process, often intending to offer recommendations to improve the management of
R&D communication and enhance R&D productivity (e.g., Allen, Lee, & Tushman, 1980; Ebadi

& Utterback, 1984; Orpen, 1985; Tushman, 1978, 1979). These studies typically include both
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scientists and engineers, often without distinguishing one group from the other. Some
investigate variations in the contribution of scientific and technical communication to different
R&D tasks and differences between scientists and engineers in the selection and use of
information sources and channels (e.g., Chakrabarti et al., 1983; Gerstberger & Allen, 1968;
Gerstenfeld & Berger, 1980). Barczak and Wilemon (1991) look specifically at the different
communication patterns of innovating and operating groups in new product development. The
tendency to concentrate on those engaged in R&D work as opposed to those conducting "normal”
or "mainline” engineering work has been criticized by Shuchman (1981, p. 1) and Taylor (1991,
p. 234), who contend that mainline engineering is of equal importance to concerns of industrial
productivity.

Generally speaking, all of the studies that investiéate the information needs and
habits of engineers have concluded that interpersonal communication is an important source of
information and ideas for engineers and a significant factor in improving engineering
productivity. They also provide descriptions of the wide variety of information sources used by
engineers. None of these studies of engineering communication direct more than passing
attention to the role of electronic networks. Several studies of information use and
communication among engineers report a significant amount of data derived from the aerospace
community (e.g., Allen, 1984; Holmfeld, 1970; Pinelli, 1991b; Shuchman, 1981).

The most commonly used method in these studies was the written survey (e.g., Browné&
Utterback, 1985; Chakrabarti et al., 1983; De Meyer, 1985; Pelz & Andrews, 1966). A number of
the surveys used some form of critical incident technique to elicit responses about information
sources and channels used in particular incidents (e.g., Gerstenfeld & Berger, 1980; Kaufman,
1983; Kremer, 1980; Pinelli, 1991; Rosenbloom and Wolek, 1970; Shuchman, 1981). These
studies asked a series of questions that proceeded either about a particular information incident
or a particular work incident. Allen's classic study (1984) included results of his empirical

study of "twin" R&D projects. In this study, engineers working on parallel Federal contracts
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completed solution development records that kept track of any changes that occurred in the
team's work and the source of any information that prompted each change. In this manner,
Allen collected detailed data on information sources and was also able to relate information use
to project success.

In-depth interviews that made substantial contributions to the investigation were
conducted by a few investigators (e.g., Holmfeld, 1970; Kremer, 1980; Schrader, 1991;
Shuchman, 1981). A few studies used diaries (e.g., Tushman, 1979) and some investigators
produced sociometric maps of communication networks as part of their data analysis (e.g.,
Kremer, 1980).

These investigations of information exchange and use in engineering settings leave no
doubt that engineers obtain the information needed to accomplish their work from a wide

variety of sources. Among the information resources mentioned in these studies are:

. Technical reports (in-house and external)
. Trade journals (both technical and non-technical articles)
. Scholarly journals

. Patents

. Memos

o Tables

. Specifications and standards

. Vendors' catalogs

. Manufacturers’ advertisements

. Handbooks

. Textbooks

. Government laws and regulations

. Own notebooks

. Records of past company projects, including data and designs.
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It appears that trade journals, in-house reports, manuals, and standards and specifications are
often judged the most highly valued print sources. Shuchman (1981, p. 45) found that print
sources were used by engineers to (in descending order of importance) keep current in one's field,
keep current in other fields, discover new markets, answer specific technical questions, monitor
the competition, and flag articles to pass on to others. There is less consistency in study findings
related to information sources other than interpersonal communication, because different
studies include different print sources as objects of investigation.

Information is acquired not only on the job, but at conferences, trade shows, and bidders'’
meetings. In addition to these information sources, engineert_s rely on a wide variety of people
for needed information, including: co-workers, supervisors, technical staff, subordinates, sales
representatives, customers, consultants, friends and colleagues in other organizations, and
government representatives. A few investigators (e.g., Allen, 1984; Holmfeld, 1970; Kaufman,
1983) present results that describe the role of experimentation and the engineer's own
knowledge and experience--as opposed to other people and literature—in providing needed
information. V

Shuchman (1981, p. 58), provides an extensive list of the reasons information is needed
by engineers. Her data show that engineérs need a wide variety of information to perform their
work, including basic scientific knowledge, data, practical and procedural information about
design methods, and non-technical information such as codes of practice. Kremer (1980, p. 61)
delineates the range of reasons why engineers need information, including to find a solution to a
scientific or technical problem, to solve administrative problems, to identify clients'
requirements, to define a problem, and to keep abreast of current developments. Barczak and
Wilemon (1991) found a similar range of communication purposes: to discuss product features,
technical issues, customer needs, manufacturing issues, schedules and timing, financial issues,

managerial issues, and resource issues. These results are valuable in that they validate the
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findings, described above, about the nature of engineering tasks and knowledge. Kremer and
Shuchman, however, do not relate these specific information needs and uses to particular
information sources and channels. They do not, in other words, describe the role of interpersonal
communication or reliance on other engineering tools and resources, in satisfying specific
information needs.

A few of the studies present results that link particular information needs or sources to
specific work tasks. Several studies discuss particular uses of interpersonal communication, but
results are not very detailed along this dimension. Rosenbloom and Wolek (1970) found that
interpersonal communication was the primary source of information used by engineers to solve a
particular work problem. Allen (1984) found that interpersonal contacts were the primary
means of generating ideas and solutions for problem-solving (p. 63), as well as for defining
problems (i.e., generating criteria and setting limits of acceptability) and testing potential
solutions against critical dimensions (p. 65). Kaufman (1983) found that interpersonal
communication was most important for finding a solution to a problem and learning new
techniques, and was also of significant value in helping to define a problem and in finding leads
to information sources (p. 17).

The literature reveals consensus on the factors associated with the use of particular
sources and channels by engineers. These are accessibility, technical quality or reliability, ease
of use, relevance, and degree of prior experience with a particular source or channel (Allen,
1984; Chakrabarti et al., 1983; Gerstberger & Allen, 1968; Kaufman, 1983; Kremer, 1980).
Accessibility is consistently concluded to be the most important determinant of use.

De Meyer (1985) offered a unique view, suggesting that whether the product being
developed was in its infancy or mature affected the nature and manner of engineering
information resources consulted. Shuchman (1981) found that job activity and type of industry
were the most important variables in determining the value placed on particular information

sources. Allen (1984), Shuchman (1981), and Holmfeld (1970) all note that proprietary concerns
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inhibit external communication (p. 41). Allen (1984) also concludes that engineers are able to

communicate more easily with internal colleagues because a shared knowledge and cultural

base reduces the likelihood of semantic noise and misinterpretation (p. 139). Holmfeld (1970,

p- 158) remarks on other communication constraints faced by engineers, namely time, budget,

performance, and manufacturability requirements.

Key findings on the communication patterns of engineers are presented below. Findings

are related to particular types of information needed, particular work tasks (such as idea

generation or problem-solving), work categories (such as research or development), or task

characteristics (such as degree of complexity, interdependence, or uncertainty):

Interpersonal communication is an extremely important source of information for
engineers (Allen, 1984; Chakrabarti et al., 1983; Kaufman, 1983; Kremer, 1980; Pelz &
Andrews, 1966; Shuchman, 1981; Tushman, 1979).

Most of this interpersonal communication is internal (Allen, 1984; Goldhar, Bragaw, &
Schwartz, 1976; Kaufman, 1983; Kremer, 1980; Pelz & Andrews, 1966; Shuchman,
1981).

Interpersonal communication is significant means of acquiring information categorized
as unpublished material (Allen, 1984), or information not deliberately sought (Kremer,
1980; Rosenbloom & Wolek, 1970; Shuchman, 1981).

Interpersonal communication is used primarily for problem-solving (e.g., Allen, 1984;
Gerstenfeld & Berger, 1980; Shuchman, 1981; Tushman, 1979).

Interpersonal communication is an important factor in engineering productivity and
quality (e.g., Allen, 1984; Barzak & Wilemon, 1991; Tushman, 1979). Diversity of
communication is more important than frequency (Allen, 1984; Pelz & Andrews, 1966).
The exact nature of the impact of communication on productivity is complex (e.g., Allen,
Lee, & Tushman, 1980; Shuchman, 1981; Tushman, 1978) and varies according to a
number of interacting factors, such the nature of the engineering project and whether
communication is internal or external.

Use of interpersonal communication channels is linked to perceived accessibility and
technical quality (Allen, 1984; Chakrabarti et al., 1983; Gerstberger & Allen, 1968;
Kaufman, 1983; Kremer, 1980). Relevance of information is important factor in choice
of source (Rosenbloom & Wolek, 1970).

Use of interpersonal communication is linked to task uncertainty, interdependence,
complexity (e.g., Tushman, 1978, 1979).
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. Interpersonal communication is linked to primary engineering category or activity. Itis
used more in design and development (e.g., Kaufman, 1983; Rosenbloom & Wolek, 1970)
and in applied research (e.g., Gerstenfeld & Berger, 1980) than in basic research.

Although De Meyer (1991) points out that there are conflicting results if one goes below a
certain level of generality, the importance of interpersonal communication is a major conclusion
of virtually every study that investigates the information behavior of engineers. Shuchman

(1981, p. 40) says:

Most engineers rely on a very limited group of sources for technical information,
making an engineer's informal contacts the critical element in solving technical
problems, maintaining competence, and disseminating new information.
Engineers without access to the informal network are apt to have difficulty in
getting necessary technical information.

Interpersonal communication is important to engineers because it conveys needed information not

found in published work and because it is perceived as more efficient than searching though

published literature. These studies, thus, confirm that the conclusions reached by sociologists
about the importance of interpersonal communication to the conduct of scientific and technical
work are, indeed, specifically applicable to the work of engineers. On the other hand, the
exact nature of the relationship between different kinds of tasks, different types of
interpersonal contact, and productivity is complex and not completely understood, although it
is clear that different types of information, as well as different information channels and
sources, are needed at different stages of engineering work.

A few studies offer unique results that are of particular interest to the current study.

Allen (1984) presented results related to informal social networks in engineering organizations.

He found very close agreement in the selection of individuals for social contact and technical

discussion, although he was unable to determine the direction of causality. He concluded that,

given the importance of the informal communication network, organizations should create
conditions that foster informal exchanges. Although he only suggests here that electronic

networks, which facilitate informal exchanges, would be valuable in engineering

organizations, Allen explicitly discusses the potential of new communications technologies in a
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later paper. Here he asserts (Allen, 1986) that a "project” or matrix organizational structure
facilitates task coordination, while a "functional” structure connects engineers more closely
with others who have the same relationship to the technology being produced that they do.
This means that organizations are faced with a trade-off, one that Allen suggests may be eased
by the introduction of new information and communication technologies. Information retrieval
systems might be used in project-oriented organizations to achieve some functional goals, while
in functionally-structured organizations, electronic communication systems might allow a
virtual matrix to exist.

Schrader (1991) conducted an empirical study of "informal technology transfer" among
R&D workers in industry that has interesting implications for the issue of proprietary concerns
in the networked environment. He found that most external communication exchanges were
better characterized as "information trading” than "information leaking,” and that they
resulted in substantial gains to individuals, their firms, and industry as a whole. Further, he
found that previous acquaintanceship was not required to initiate or maintain such trading
relationships. One implication of this is that electronic bulletin boards, which would allow
engineers to come into contact with external, unknown people who might have needed
information on a posted topic or problem of interest, might be valuable in facilitating this kind
of useful contact.

Virtually all of the studies reviewed in this section were conducted before the advent
of substantial computer networking implementation in science and technology settings.
Shuchman (1981) found that engineers made little use of information technologies, although
aerospace engineers were more likely to do so than other kinds of engineers. Pinelli (1991b),
who investigated information transfer in the aerospace industry through a survey of 1,800
scientists and engineers, offers one of the only studies of scientific and technical information

transfer that collected data on the use of electronic networks. The percentage of respondents



reporting use of various networking technologies was as follows:

. Electronic networks 44%
. Electronic mail 54%
) Electronic bulletin boards 30%
. Electronic databases 57%
. Videoconferencing 21%.

Pinelli did not, however, relate this data to any other data collected in his study in a manner
that would suggest associations between network use and particular work tasks, communication

activities, or factors encouraging or discouraging network use.

2.5.4. Engineering Communication: Summary and Conclusions

This section reviewed literature on the use of various engineering resources—including
people and other tools and information resources--by scientific and technical workers. It
emphasized the relationship between. informal communication channels and specific
information needs, work categories, work activities, task characteristics, and work impacts.
Studies of the nature and role of communication networks and information exchange in scientific
and technical work have been conducted by researchers in information science, communications,
and management. Although a number of empirical studies have examined the information
seeking and use behavior of engineers, it is scientists who have received the bulk of attention.
Further, studies of engineers tend to focﬁs on those engaged in R&D work as opposed to those
conducting "normal” or "mainline” engineering work, which is of equal importance to concerns of
industrial productivity. Generally speaking, these studies have concluded that communication
is an important source of information and ideas for engineers and a significant factor in
improving engineering productivity.

In summary, both the popular and scholarly literature can be used to gain an
understanding of the relationship between engineering work and communication. The nature of
the work performed by engineers demands a great deal of communication. In fact, it is

estimated that engineers spend about 30% of their time in communication-related activities
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(Murotake, 1990). The uses of social networks in engineering work can be summarized as follows.

They:

. Convey personal or private knowledge, e.g., mistakes, detours, lucky guesses, opinions,
and values, which does not appear in published versions of research;

. Convey how-to information such as hints about preparation of compounds and quirks of
apparatus;

. Contribute and generates new ideas through serendipitous, interactive contact with
external sources;

. Are used for planning and coordinating, problem-solving, and collecting and analyzing
data; and

. Serve social as well as technical functions, e.g., stimulate and encourage engineers and

reinforces their sense of group identity and purpose.
All of these findings seem to imply some substantial benefits from the use of electronic networks
for informal communication in engineering environments. To the extent that important formal
information (e.g., experimental data, published literature, parts lists, specifications) are made
available online, networks should be valuable in supporting access to these resources, as well.

The next section of this chapter turns to a review of literature on the use of electronic networks

by engineers.

2.6. Engineers' Use of Information and Communication Technology

2.6.1. Introduction

With the recent proliferation of computer networks, a number of discussions and studies
of the potential impact of networking on science and technology have begun to appear in the
literature. This section provides an overview of this work, which has been conducted from
policy, information science, management, communications, and social psychology perspectives.
The purpose of this section is to describe the information and communication technology

environment of engineering today and to review what is known about both the use of networks



by engineers and the impact of networks on engineering work. This review of selected literature
provides an overview of:

. Thoughtful analyses of the potential impact of networks on science and technology,
especially those conducted from a policy perspective;

. Descriptions of the use of information and communication technology in engineering
environments that have appeared primarily in the trade, professional engineering, and
management literature; and

. Empirical investigations of network use that have been conducted in science and
technology environments, primarily by researchers in the fields of communications,
information science, management, and social psychology.

The literature reviewed in this section is useful to the current study in that it identifies current

expectations and concerns regarding electronic networking in science and technology, provides

some information about current uses of electronic networks by engineers, and identifies research
findings and approaches related to electronic networking. A major gap in the literature is the
lack of integration of these three areas of work. No extensive, cross-institutional, empirical

studies that focus on the use of networks to support engineering work and communication appear

to have been conducted. Results obtained in the present study address this gap.

2.6.2. Critical Analyses of Networking Impacts on Science and Technology

With the increasing proliferation of electronic networks, a number of analyses and
discussions of the potential impact of networking on science and technology have been
conducted. The Federal government has held a series of hearings on this topic, has
commissioned several studies, and has produced its own reports. An overview of this material
will be followed by a brief review of other scholarly analyses of networking impacts on various
aspects of science and technology. The emphasis in these analyses has been on the use of
networks to support science and R&D, although the Federal government has begun to consider
the implications of national networking for engineering productivity (Congress. Senate, 1991).

The work reviewed in this section is relevant to the current study because it
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encompasses engineers and many of the tasks performed by engineers, but there is also a clear
need to learn more about engineers specifically. Much of the literature reviewed here is
contemporaneous with the inception of the current study. Over the course of the study (from
1991 to 1994), Federal attention has shifted from the National Research and Education
Network (NREN) to the National Information Infrastructure (NII) and has moved toward
greater attention to the needs of end users of network technology and to the use of networks in
industry (Bishop; 1993; Bishop & Bishop, in press). Especially relevant Federal policies and
reports that have appeared since the completion of the current study are discussed in Chapter
5.

The Federal government has, historically, been concerned with the development of
effective policies related to scientific and technical information (STI). This concern waxes and
wanes in light of specific historical and technological developments, i.e., as problems and
opportunities related to science and technology, and hence to scientific and technical
information, present themselves. Federal involvement increases when world events (such as
the launch of Sputnik, U.S. entry into World War II, and emerging Japanese leadership in high
technology) threaten national security, U.S. superiority in certain areas of science and
technology, and international economic competitiveness. Federal attention is also spurred by
general concerns about improving technology transfer and improving return on the Federal
government's multibillion dollar investment in R&D. Finally, it also increases when new
information technologies are developed that suggest potential improvements to scientific and
technical work productivity and to STI transfer. Major policy studies that include discussions of
new information and communication technologies include those produced by the President's
Science Advisory Committee (1963), the Committee on Scientific and Technical Information
(Federal Council for Science and Technology, 1965), the Committee on Scientific and Technical
Communication (1969), the Federal Council for Science and Technology (1972), Giuliano and

colleagues (Arthur D. Little, 1978), and Bikson, Quint, and Johnson (1984). An analysis of major
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Federal STI policy studies is presented by Bishop and Fellows (1989); Pinelli, Henderson,
Doty, and Bishop (1992) provide an overview of policies, studies, and events related to U.S.
scientific and technical information. For other discussions of government support of science and
computing, see Cohen (1988), Dupree (1986), Etzkowitz (1988), and Licklider (1979).

Government interest in, and support of, computer networking can be traced to the
development of ARPANET, a national network intended for use by researchers involved in
Department of Defense work in the 1960s (Quarterman, 1990). Then, as now, there is concern at
the Federal level that R&D is an essential national enterprise and must be supported. There is
also the recognition that electronic networks, which link researchers to each other, to powerful
analytic and computational tools, and to important information resources, are a key component
of increased scientific and technical productivity and competitiveness. NSFNet, which came
online in 1985, connected six government-supported supercomputing centers, and became the
backbone of the current Internet. More recently, the Federal government has supported the
development of high-speed national networking, first in the form of the National Research
and Education Network (NREN) and, currently, as part of the overall development of the
National Information Infrastructure (NII).

The original NREN legislation was introduced in 1988 (Congress, Senate, 1988a) and
served as the catalyst for a series of government hearings, studies, and reports related to the
potential impact of national networking on the conduct of research (see McClure et al., 1991 for
an extensive review of this material). The Office of Science and Technology Policy (OSTP)
issued two reports (1987, 1989) that outline a national agenda for the implementation of high-
speed networks. These reports argue that the development and implementation of advanced
computing and networking systems are critical because they provide the "means to develop
large scale distributed approaches to the collaborative solution of computational problems in
science, engineering, and other application areas" (Office of Science and Technology Policy,

1987, p. 18). Subsequent statements of Executive branch intent with regard to national
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networking (see, e.g., Office of Science and Technology Policy, 1991) describes the "grand
challenges” in science and engineering that need to be supported and outline the government's
strategy for supporting and implementing high-speed networks. The Office of Technology
Assessment (1989) issued a background paper that explores key issues related to Federal support
of national high-speed networking.

A report issued by the National Research Council in 1988 explicitly linked national
networking with the need to maximize national productivity and competitiveness and
recommended strategies for government support of high-performance computing and high-speed
networking initiatives (National Research Council, 1988a). The Council also issued a report
providing an in-depth and thoughtful treatment of major topics and concerns surrounding the
role of national networking in the conduct of research (National Research Council, 1988b). More
recently, the Council’s report on “national collaboratories” (1993) describes the extent to which
various scientific and engineering communities use information technology to support large-
scale distributed work; the report also offers recommendations for further development of
systems to support such efforts.

In addition to these reports, which outline the Federal government's goals and plans, a
number of Congressional hearings were held on topics and issues related to the role of computer
networks in science and technology and, in particular, the development of NREN. The topics of
those hearings included the current status of the U.S. supercomputer industry, the need for
high-performance computing and high-speed networking to support advanced research, and the
appropriate role for government and for specific Federal agencies in national network
development (see McClure et al., 1991, pp. 25-29 for a description of key NREN hearings). More
recently, Federal attention as been directed to revising telecommunications regulations (see
Browning, 1994, for an overview of legislative initiatives in this area) and intellectual
property laws (Information Infrastructure Task Force, 1994, July 7). The outcome of current

policy initiatives in both intellectual property and telecommunications regulatory reform will

70



undoubtedly affect access to computer networks and networked information resources for U.S.
engineers.

A report issued by the Panel on Information Technology and the Conduct of Research
(1989) is unique because it takes a user perspective. The report describes the information
technology needs, uses, and problems of researchers in different disciplines. It concludes that,
although new computing and communications technologies have led to definite improvements in
a number of areas, problems remain. Further, the report stresses that "complex institutional
and behavior constraints” (p. 1) underlie current difficulties.

The coming of the electronic "information age" has also generated much commentary in
the scholarly community and popular press. Brand (1987), Wenk (1986), Turkle (1984), Roszak
(1986) are classic works that discuss developments in new information and communication
technologies and raise technical, social, political, and behavioral issues related to the
expanding use of computers and networks. A special issue of Scientific American
(Communications, Computers, and Networks, 1991), occasioned perhaps by the perception that
individuals, institutions, and society at large are actually beginning now to feel the
revolutionary impacts of new technologies, provides a collection of articles related to the use of
computer networks for research, business, education, and recreation.

The scholarly community has also begun to address concerns specifically related to the
growing use of electronic networks by researchers in all disciplines. Denning (1985) offered an
early description of research networking in science. Schrage (1990) describes and discusses the
potential of various new networked technologies to enhance research collaboration. Lievrouw
and Carley (1991) and authors in a collection edited by Aborn (1988) discuss the implications of
“telescience” for individuals and institutions. Fienberg, Martin, and Straf (1985) give
particular emphasis to the use of electronic media for sharing research data. Lapidus (1989)
draws attention to the social and ethical implications of networking in research environments.

Arms (1988) presents case studies of the development of electronic networks in and for academic
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research communities.  Implications of networking for the formal system of research
communication, i.e., for libraries and publishers, have also been discussed (see, e.g., Larsen,
1990; Osburn, 1989; Shaughnessy, 1989; Woodsworth, Allen, & Hoadley, 1989).

Koch (1991) offers an especially cogent analysis of the use and potential impacts of
electronic networks in science. She reviews literature in this area and concludes that "the most
pressing problems to be faced by network managers, science administrators, and policy makers
are likely to be organizational rather than technical in nature” (p. 70). Morell (1988) is one of
the few commentators to mention engineers specifically. He suggests that new information and
communication technologies may produce a variety of impacts on the way scientific and
engineering research is conducted. Morell hypothesizes that the proliferation of computers and
networks may affect the individual behavior of scientists and engineers, the organization of
R&D laboratories, social policy concerning R&D funding, and the selection of R&D problems,
methods, and even solutions. He also suggests factors that may explain the extent to which
these effects are felt in particular scientific and engineering endeavors, including the degree of
data intensity, the requirements for real-time analysis, and lay interest in a particular field.

The literature noted in this section demonstrates and describes the interest of the
Federal government in national networking initiatives aimed at the support of science and
technology. It also points to a growing interest in the scholarly community about social,
behavioral, and policy issues related to new developments in information and communication
technology. Finally, it identifies a number of discussions related to the potential impact of
electronic networks on science and technology. To date, these analyses of networking in science
and technology overwhelmingly deal with issues related to the conduct of science. In the
language of the initial NREN legislation itself (Congress. Senate, 1991, Section 2.a.2) and
Executive branch documents devoted to goals and plans for national networking (Office of

Science and Technology Policy, 1991, p. 2), however, the Federal government acknowledges the



potential of national networking to solve "grand challenges” in engineering and improve U.S.
industrial productivity.

Thus, policy and scholarly attention has begun to shift to explorations of the use of
electronic networks in engineering work. The General Accounting Office (1991) conducted an
assessment of the degree of electronic network implementation in industrial settings; this
represents one of the first substantive efforts on the part of the Federal government to begin
exploring issues related specifically to the implications of national networking for engineers.
Anne Wolpert, Director of Information Systems at A.D. Little, Inc., warned in a 1991 conference
presentation that NREN was lacking an "I" for industry. She asserted that national networks
would not be used by engineers and would not, therefore, produce desired impacts in terms of
industrial productivity, until policy makers began to take account of the particular needs and
constraints surrounding engineering work tasks and communication activities in industrial
settings. Descriptions of network use in engineering settings have appeared in the literature; an
overview of this material is presented below. These descriptions, however, have rarely been
integrated with policy discussions; nor have they been greatly extended or reinforced by the

kind of systematic empirical work on networking use and impacts that is reviewed later in this

section.

2.6.3. Descriptions of Electronic Networking in Engineering Settings

As discussed in early sections of this chapter, engineers work in teams to research,
develop, design, test, and manufacture a wide range of systems, products, and processes.
Engineering is a complex activity that involves creativity in addition to scientific, technical
and managerial problem-solving and the coordination of many independent efforts. It is not
only information-intensive, but communication-intensive, and computation-intensive as well.
Thus, advances in computing and communication technologies would appear to offer many

opportunities for improving the efficiency and effectiveness of engineering work.
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This section provides an overview of the use of computing and communications
technology in engineering settings. The popular and professional literature describes engineers’
use of computing and communications applications such as computer-aided design (CAD),
computer-integrated manufacturing (CIM), engineering information systems (EIS), and
electronic mail and conferencing systems. Most of this literature concentrates on the technical,
financial, or management aspects of these systems, while little attention is focused on problems,
issues, and impacts from the users’ point of view.

A number of authors discuss the strategic importance of new information and
communication technologies to organizational performance, and provide examples from a
variety of settings. Walton (1989) presents numerous case studies, including one in an aerospace
company, to draw out important concepts, strategies, and techniques for improving the
implementation process associated with new information technologies. He stresses the
importance of considering both the technical and social aspects of system implementation.
Keen (1986) presents a variety of case studies to support his argument that telecommunications
is an important feature of any organization's strategy to improve its competitive advantage.
Morton (1991) presents a number of perspectives on the introduction and impact of information
and communication technologies in today’s global economy. The impact of computer networking
on organizations is described by Reich (1991) and Davidow and Malone (1992). The gains
achieved when networks are used to reinvent the organizational enterprise are emphasized by
Hammer and Champy (1993). All of these authors argue that new technologies are
revolutionizing the way people in organizations work and communication and that the changes
that are occurring must be better understood.

Today, engineers use computers to perform calculations; to produce and evaluate
drawings, designs, and prototypes (CAD/CAM); to maintain and archive the "corporate
memory,” i.e,, all the contracts, designs, schedules, assumptions, constraints, procedures, data,

etc.,, associated with each particular project; to write and edit documents and prepare
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presentations; to run project management software; and to control equipment. Gunn (1982)
provides an early report on the use of computers and electronic networks to "mechanize" design
and manufacturing. A collection of papers on the application of computers to engineering design,
manufacturing, and management are offered by Lastra, Encarnacao, and Requicha (1989). Ettlie
and Stoll (1989) present a collection of essays and case studies on managing the design to
manufacturing process. This work is especially intriguing because it draws attention to the
philosophical and cultural changes that must accompany the implementation of new
computing and communications, if this new technology is to bring about the desired effects.
Rockart & Short (1989) describe the organization’s need to manage interdependence. They give
a number of examples of engineering firms using electronic networks and computerized tools and
databases to integrate the stages of product development, distribution, and service; support
team work; and facilitate coordination and control.

The policies, principles, and techniques of "concurrent engineering,” derived from the
perceived need to improve industrial productivity and competitiveness, aim to improve
engineering quality, reduce costs, increase the speed of product development, and improve
customer satisfaction. Concurrent engineering calls for integrating engineering functions so that
they may be performed in parallel, as opposed to sequentially. It strives to improve
communication in order to coordinate thé work and integrate the information contributed by all
of the many people involved in the development, production, and marketing of a particular
technology.

Many engineering organizations are exploring the ability of computers and electronic
networks to facilitate concurrent engineering and improve the performance of engineers and the
technical quality of their work. A report by Lewis (1990) provides an in-depth treatment of the
methodology and tools for developing networked systems for concurrent engineering at General

Electric's R&D headquarters. Kaplan (1991, p. 32) notes that "Today, teamwork and concurrent
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engineering are the important organizational issues, so workstations must be tied together into
networks that optimize the use of shared resources.”

Computer networks are playing an increasingly important role in engineering work
because they link design and analysis tools with other important resources to create integrated
engineering information systems (EIS) that can be used by engineers from their own desktops.
Dirr and Stockdale (1989) describe 3M's transition from the use of CAD systems to a distributed
computing strategy in which "All authorized users would have access to information anywhere
in the network, and CAD and project management would be joined in a single integrated system"
(p. 50). Heiler and Rosenthal (1989, p. 431) define an EIS as the combination of "software tools,
database managers, databases, and hardware to provide integrated environments for
engineering design and management.” They also describe the rationale for such systems (p.
431):

Engineering environments can be extremely complex. They must support long,

complex, and interdependent tasks that produce and manipulate highly

specialized data. Often multiple representations of the same information are
required to support different tasks. Moreover, more than one engineer may work
concurrently on different aspects of the same design, which may introduce
inconsistencies into the data...
The use of computers and networks to automate the manufacturing process is becoming more
widespread. Boll (1988) describes the role of the manufacturing automation protocol (MAP) in
accomplishing the integration of the manufacturing process, which includes "machining,
assembly, warehousing, quality assurance, packaging and dispatch.” Schatz (1988) describes
the increase in compﬁter-integrated manufacturing (CIM) investments worldwide, noting that
they are expected to double between 1988 and 1992, reaching about $91 billion.

Electronic data interchange (EDI) is used to exchange orders and invoices with vendors

and suppliers, and to exchange contracts with clients and customers (see, e.g., Beckert, 1989;

Purton, 1988). Thus, networks are also used in engineering environments to facilitate formal

business communication outside the firm. Networks are used in some firms for information
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retrieval (IR) in connection with both in-house and commercial databases. Information
retrieval systems have received mixed reviews from engineers. Christiansen (1991, p- 21)
discussed results of an informal [EEE survey on how engineers obtain the information they need
to do their jobs. He reports that engineers have difficulty performing online searches and often
obtain inadequate results. He also interprets the tendency of engineers to "scan and save" large
amounts of material as a response to their dislike of retrieval systems. Breton (1981, 1991)
presents a more compelling argument for the underutilization of information retrieval systems.
He concludes that the informal and visual material that is important to engineers is not
included in most information retrieval systems and, further, that current indexing techniques
fail to retrieve information according to those dimensions, such as "desired function” that are
useful to engineers. Gould and Pearce (1991) describe results of an assessment, based largely on
interviews, intended to relate information needs in engineering to current systems for storing,
organizing, and disseminating that information. Mailloux (1989) reviews literature on EIS.
She provides an overview of a variety of engineering systems and devotes considerable
attention to a discussion of how EIS support engineering work and communication behavior.
Finally, the literature suggests that engineers also use electronic networks for a variety
of interpersonal communication purposes. Borchardt (1990) includes electronic mail among his
suggestions for improving in-house technical communication in order to facilitate the sharing of
ideas, provide a more stimulating work environment, and prevent the duplication of efforts (p-
135). Beckert (1990, p. 68) notes that engineers can use electronic mail to send text, data, and
graphics to their colleagues and to automate the notification and status change process between
engineering, manufacturing, and external entities. She notes that electronic communication
eliminates telephone tag and problems associated with time-zone differences, and also saves
time in scheduling meetings and responding to technical questions. Mishkoff (1986) describes
computer conferencing as the answer to the problem corporations face when they employ

geographically-dispersed work groups. He reports that Hewlett-Packard employs thousands
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of engineers in over 70 divisions, of which one-third are located outside the United States.
Mishkoff describes how computer conferencing is used in place of more expensive mechanisms to
allow groups of engineers to share their knowledge efficiently and coordinate their work (p.
29).

The power of computer conferencing systems to form the base of "electronic expert
networks” in organizations is described by Stevens (1987), although he does not focus
exclusively on engineers. His discussion applies the assertions about the importance of informal
communication in organizations, discussed above, to the electronic environment. He argues that
electronic networks are an important source of expertise for employees because "The best
answers frequently come from surprising sources. An unknown peer with a relevant experience
can sometimes provide better help than a more famous expert, who may be less accessible or less
articulate” (p. 360). Stevens also notes that "While expert networks can be used by traditional
organizations to strengthen their effort to produce and provide products and services, expert
networks also seem to represent almost a new form of organization" (p. 369).

Many organizations hope that by facilitating communication and improving
coordination, electronic networks will decrease both the costs and time needed to bring products
to market. Due to proprietary and security concerns, a number of engineering organizations have
implemented their own private, high-speed networks that are used only by their own
employees. The need for high-bandwidth, completely reliable electronic transfer of critical
data also makes the use of most public commercial networks infeasible for some industries and
applications. Werner and Bremer (1991, p. 46) note that even companies involved in industry-
academia-government R&D cooperatives prohibit electronic links to external consortium
members for fear of security leaks.

The National Research Council's Panel on Engineering Employment Characteristics
conducted an informal survey of engineering employers (National Research Council, 1985) in

which they obtained employers’ views on the impact of new tools on engineering productivity.
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Survey results (p. 68) indicated that about one-third of employers had widely available
computer-aided drafting or design systems in place, few had computer-aided manufacturing
systems, and about 50% had engineering information systems. Fewer than one half of
respondents had formally evaluated their systems, although they estimated productivity
gains of about 100% for drafting systems, 50% for design systems, and 35% for information
systems. The Panel concluded that "these new computer-aided tools permit increasingly
sophisticated products to be designed in less time with substantially greater accuracy and with
greater cost-effectiveness” (p. 27) although they also noted that “their net effect on engineering
and on industry as a whole cannot be forecast with confidence” (p. 26).

The aerospace industry possesses a number of characteristics that make it a natural
environment for the implementation of electronic networks. It is a high technology industry,
already extensively computerized. It involves significant R&D, which, as the studies in
Section 2.5. demonstrate, is a communication-intensive activity. Further, its end products are
highly complex, calling for a great deal of work task coordination and the integration of
information created by diverse people. In describing the business and technology strategy in
place at British Aerospace, Hall (1990) emphasized the need for increased computing and
communications capabilities in aerospace firms aiming to design, develop, make and market
complex systems while maintaining a technical competitive edge and reducing unit costs (p. 16-
2). He noted that a number of typical information technology opportunities were particularly
relevant to the aerospace industry, such as "improved productivity, better competitive edge,
reduced timescales, closer collaboration, more streamlined management, better commonality of
standards across sites, more operational flexibility, [and] constructive change of workforce skill
levels” (p. 16-2).

Rachowitz et al. (1991) describe efforts at Grumman, a major U.S. aerospace
corporation, to realize a fully distributed computing environment. Grumman's goal is to

implement a system of networked workstations in order to "cost-effectively optimize the
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computing tools available to the engineers, while promoting the systematic implementation of
concurrent engineering among project teams” (p. 38). The network includes PCs and software to
be used for communication. Grumman assumes that their computer/information integrated
environment (CIE) will result in "product optimization—-quality products manufactured with
fewer errors in shorter time and at a lower cost" (p. 66).

Black (1990) presents a brief overview of the uses and advantages of computer
conferencing systems, noting that computer conferencing is a "very powerful tool for the transfer
of information in all areas of research and development” and "a natural for the AGARD
(Advisory Group for Aerospace Research and Development] community... " (p. 13-4). Molholm
(1990) describes the application of the Department of Defense's Computer-aided Acquisition
and Logistics Support (CALS) initiative to the aerospace community. CALS mandates the use
of specific standards for the electronic creation and transmission of technical information
associated with weapons systems development. Eventually all Department of Defense
contractors and subcontractors will be required to create and distribute in digital form all the
drawings, specifications, technical data, documents, and support information required over the
entire lifecycle of a military project. The CALS initiative may be a significant impetus to
networking for aerospace firms.

These reports reveal that a numﬁer of engineering organizations are using electronic
networks for communication activities, distributed computing, and shared access to information
resources. Networks are being implemented to serve organizational goals and business
strategies, i.e., to achieve impacts in the areas of better and faster product development and
reduced costs. The motivations for network investments noted in these reports suggest factors
that may encourage network use in particular engineering organizations and obviate the need
for them in others. These reports also hint at a number of factors that may hinder network use,

such as security and proprietary concerns, the failure of indexing techniques to retrieve stored
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information in a way useful to engineers, and the substantial financial outlays required to
implement networked systems.

Descriptions of networking needs, uses, problems, and impacts in engineering
environments are scarce, and few have been brought to the attention of policy makers charged
with making decisions about networking investments and policies at the national level.
Further, piecemeal anecdotal descriptions are not entirely sufficient for informing policy
development at either the organizational or national level. The current study investigates
networking needs, uses, problems, and impacts on a broader scale and in a more systematic
manner than the reports reviewed here. These reports were useful as background for the current
study, however, in that they suggest particular networking needs, uses, and impacts that are
relevant to engineering work and deserving of further exploration. Empirical studies of
electronic networking are reviewed below. They also suggest concepts to be explored in the
current study and, further, identify approaches that have been used in previous empirical
investigations. Because few of these empirical studies have dealt with engineers, the

descriptions that have been presented in this section provide a useful complement to them.

2.6.4. Studies of Electronic Networking in Science and Technology

There is a growing body of literature that explores trends, issues, and concepts related
to new information and communication technologies. Before moving on to a discussion of
empirical research related to the use of electronic networks in science and technology, a selected
review of more general work that elucidates networking use, impacts, factors associated with
use, and research issues is presented.

Licklider and Vezza (1978; reprinted in Greif, 1988) present an early, and very broad,
overview of networking applications and issues. They define and describe applications ranging
from electronic mail to home security systems, and discuss a variety of issues related to the

political, social, and economic impacts of networking. Vallee (1984) provides an overview of
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the use of electronic message systems in industry. He describes the need for, and capabilities of,
such systems and focuses on issues related to network implementation and management.
Similarly, Sullivan and Smart (1987) present a model for matching organizational
communication flows with the capabilities of various communications technologies; their
model is intended to assist organizations in implementing and managing electronic networks.

Overviews of research in computer-mediated communication (CMC) are provided by
Steinfield (1986b), Rosenbaum and Newby (1990), and Rice (1980, 1987a, 1992). These review
articles summarize work investigating the capabilities of new communications media and how
they differ from traditional media, factors that affect network use, and network impacts.
They also discuss gaps in the CMC literature and identify a number of issues related to the
study of networked communication. Culnan and Markus (1987), Rockart and Short (1989), and
Huber (1990) present critical overviews of research on the effects of advanced information and
communication technologies on organizations.

The capabilities often attributed to electronic networking are that it allows both
synchronous and asynchronous communication, it supports time-independent communication, at
greater speed, over a large geographic spread, and it allows messages to be edited, forwarded,
and distributed to many people simultaneously. In other words, electronic communication, as
noted by Rice (1992, p. 1), "can reduce or alter some of the temporal, physical and social
constraints on communication.”

Influential empirical work on the use and impacts of electronic networks includes that
of Sproull and Kiesler (see, e.g., 1986, 1991), who have been leaders in exploring the ability of
CMC to convey social and emotional cues and have also been advocates of the need to
understand the full social impacts of computer networks on work. Aspects of their research that
deal with workers in science and technology are discussed below.

Daft and Lengel (1984) introduced the concept of "information richness” as an important

for distinguishing the utility of different communication media in different situations. In
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analyzing the characteristics and capabilities of various media, they argue that rich, personal
media (i.e., face-to-face and telephone exchanges that allow for immediate feedback, multiple
social cues, and natural language messages) are best for processing complex and subjective
messages, while media that are impersonal and less rich (i.e., written rules and numeric
documents that restrict feedback, contain few social cues, and contain standardized or formal
terms) are best suited for exchanging well understood messages and standard data. Their
underlying theme is that no single communication medium is best for all information processing
requirements.

Of particular interest to the current study is Daft and Lengel's (1986) theoretical work
that points to the need for organizations to fit the characteristics of communication media to
task characteristics in order to achieve greater efficiency and effectiveness. They describe
work tasks along a number of dimensions, and relate the information processing requirements of
various kinds of tasks to the information processing capabilities of various media. Work is
characterized according to the variety, analyzability, interdependence, and differentiation of
the tasks involved. Merging their previous analysis of media richness with this assessment of
task characteristics, they conclude that individuals performing work involving a great deal of
variety, the need for judgment and expertise as opposed to routine procedures for solving
problems, and interdependence with other departments whose work is very different from their
own will require rich media and frequent and intense information exchanges. Steinfield (1986a)
and Rice and Shook (1990) also present research that links job type and task type to the use and
impacts of electronic networks.

Trevino, Lengel, and Daft (1987) further extend this work by including electronic mail
in the types of media analyzed and by investigating media choice empirically. Managers were
asked to describe the reasons behind their choice of specific face-to-face, telephone, electronic

mail, or written messages. The investigators found that reasons for media choice fell into three
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broad categories: the content of the message, the medium'’s ability to signal symbolic (i.e., non-
explicit) meaning, and situational determinants having nothing to do with the message itself.

Rice's body of empirical work has contributed much to current knowledge about CMC use
and impacts, chiefly by testing concepts and relationships developed initially by other
researchers (see, e.g., Love & Rice, 1985; Rice, 1989b; Rice, Grant, Schmitz, & Torobin, 1990;
Rice & Love, 1987; Rice & Shook, 1988). His analyses, both conceptual and empirical, of the
conduct of CMC research are perhaps even more important (see, e.g., Rice, 1980, 1989a, 1990,
1992; Rice & Bair, 1983; Rice & Shook, 1990; Williams, Rice, & Rogers, 1988). This work
analyzes concepts explored and methods employed in CMC research. Much of Rice's work on
CMC is rooted in the tradition of quantitative studies of the structure of social networks.
Rogers, another major proponent of social network research, has also discussed the role of social
network analysis in the age of electronic communication technologies (see, e.g., Rogers, 1987).
These studies tend to look at the structure of networks as opposed to the meaning of particular
communication messages or their impact on individuals in particular situations. Wigand (1988)
presents a historical overview of this line of work. Both Rice and Rogers, while recognizing
the contribution of social network analysis techniques to the study of electronic network use and
impacts, have also advocated the use of more qualitative techniques that would shift attention
to individuals and to social and behavioral factors associated with electronic networking.

It appears that there is still considerable doubt about appropriate uses of CMC in terms
of the ability of computer networks to support task-related and socioemotional communication
and the degree to which networks are able to transmit cognitively and emotionally complex
messages. A range of impacts have been attributed to CMC, including changes in the quantity of
information exchanged, greater diversity of communication partners, changes in group processes
and decision making, changes in organizational structure, media substitution, and increased
productivity. Some “quantitative” impacts of CMC on work and communication (e.g., time

savings) are easier to measure than “qualitative” impacts (e.g., transformation of work
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processes), and appear to be moderate. Qualitative impacts are sometimes more difficult to
assess, but may be more significant.

Attempts to identify factors affecting network use have not yielded strong results, but it
would appear that access to computers, the nature of the task performed, the nature of
communication needs, situational needs and constraints, and users' perceptions of the medium
have been shown to influence network use. CMC research has suffered from a lack of cross-
organizational studies, a lack of studies conducted in non-office settings, a lack of studies that
examine both users and non-users of networks, and a lack of qualitative studies.

Recently, a number of empirical efforts dedicated to exploring the use of electronic
networks in science and technology have been undertaken. The rest of this section is devoted to
a review of this work. Most of this work focuses on the use of networks for CMC. It suggests that
networks can facilitate engineering communication and work, although no networking studies
have dealt exclusively or extensively with engineers. Further, new questions and issues have
been raised, a number of conflicting findings have been presented, and few studies have
compared network users to nonusers. Those studies that provide the most in-depth treatment of
the use and impact of electronic networks from the point of view of those engaged in scientific
and technical work are reviewed first. Then, relevant results from other studies are presented.

In connection with the govemmént's NREN initiatives, McClure et al. (1991) conducted
an empirical assessment of the impact of electronic networks on the research process and
scholarly communicatioh. Multiple data collection techniques were used to gather data from
researchers in a variety of organizations and disciplines. The authors present results related to
network use, impact, barriers, and issues, and discuss implications for network administrators
and computing staff, R&D managers, and network users and potential users. In terms of use,
they found that network applications related to both informal communication (e.g., electronic

mail and bulletin boards) and data collection and analysis (e.g., remote log-in, file transfer)



were used often and considered most valuable. Applications related to formal information

transfer (e.g., online searching, and publication in electronic journals) were used less often.

The conclusions reached by McClure et al. (1991) about the impact of electronic networks

on research work were:

There seem to be few differences in use among academic, Federal, and private sectors;
Perceived value is related to degree of use;

Networks promote and facilitate collaboration;

Networks reduce negative effects of being at a remote or small institution;

Basic components of the research process have not changed, but the process is made more
efficient and, in some cases, more effective, by electronic networks;

Networks have strongest impact at data collection and analysis stages;

Networks have some impact on project preparation, the formulation of a research
design, and the interpretation of results; and

Networks have the least impact on problem definition and the presentation of results.

In terms of research communication, they found that:

Some components of the scientific communication process have changed as a result of
network use;

Networks make scientific communication more efficient and, in some cases, more
effective;

Networks facilitate the administrative and logistical aspects of arranging conferences,
meetings, publications;

Networks aid in the identification and provision of documents;
Networks facilitate and improve the production of print journals;
Networks broaden the scope of a researcher’'s community; and

Networks facilitate communication about work in progress.

This work is important because is one of the few studies of networking in science and technology

settings that explores the problems encountered by individual researchers in their use of

networks and that, in addition, devotes considerable attention to social and behavioral issues
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that present barriers to network use. The technical problems most often noted by study subjects
include complex networking procedures; insufficient network capacity, connectivity, and
reliability; lack of standards and user-friendly applications; and lack of adequate
documentation and directories. Important nontechnical problems included: inadequate training
and support; confusing and dysfunctional network policies; “cultural” differences between
network users, network managers, and organizational managers; and increased competition for
network resources.

In a subsequent study by the same researchers, Doty et al. (1991) looked at the
relationship between social and technical norms in the research community and network use.
They found that researchers’ use of and attitudes toward networks appeared to be guided, to
some extent, by the degree to which networks could be integrated into the prevailing normative
beliefs of the community.

Researchers in the interdisciplinary area of computer-supported cooperative work
(CSCW) begin from the premise that in order to implement effective information and
communication systems, one must begin with a thorough understanding of the work that the new
technology is intended to support. A number of CSCW studies have appeared in recent years,
with important collections provided by Olson (1989), Greif (1988), and Galegher, Kraut, and
Egido (1990). Most of these studies investigate the nature of certain kinds of work and work
communication and then discuss the implications of these investigations for the design and
implementation of computing and communications systems. Several CSCW studies describe
scientific and technical work and communication.

Ancona and Caldwell (1990) investigated the tasks and communication of new product
development teams in high technology companies. The authors note that such teams “are
responsible not only for the specific technical design of a product, but also for coordinating the
numerous functional areas and hierarchical levels that have information and resources

necessary to make the new product a success” (p. 174). Product teams are becoming common in
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firms ranging from Proctor and Gamble to General Motors to Lockheed (p. 173). Ancona and
Caldwell found that new product teams progress through three phases of activity: creation,
development, and diffusion. The communication- and information-intensive tasks that

accompany these phases include (pp. 184-185):

. Getting to know and trust team members;

. Determining the availability of resources;

. Understanding what other functional groups think the product can and should be:
. Investigating technologies for building the product;

. Exploring potential markets;

* - Solving technical problems;

. Coordinating the teams work internally and externally;

. Keeping external groups informed;

. Building relationships with external groups that will receive the team's output;
o Promoting the product with manufacturing, marketing, and service groups.

Ancona and Caldwell conclude that information and communication technologies designed to
support these changing activities must be flexible and support the team's need to identify and
contact relevant external groups, generate and evaluate ideas, and coordinate work. They note
that electronic mail could be used to facilitate communication within the team and coordinate
work with external groups. Computer conferencing systems would allow the team to provide
regular‘ updates on work progress and encourage ongoing discussion of particular issues with
relevant individuals. Finally, networking--combined with computing applications like
CAD/CAM--allows the direct exchange of work products and non-textual technical details.
Some of the limitations of networking are also mentioned. Electronic mail and conferencing
systems may result in information overload for product development teams and may not be
adequate for conveying ambiguous information or building personal relationships, both of

which are important in the development work.
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Kraut and his colleagues have published a number of papers that describe their work
on the nature of informal communication and its relationship to collaborative R&D work
(Kraut, Egido, & Galegher, 1990; Kraut, Fish, Root, & Chalfonte, 1989 draft; Kraut, Galegher,
& Egido, 1988, 1989 draft). Their work is based on surveys and interviews completed by
scientists and engineers in a large industrial R&D laboratory and also on examining the
archival publication record of researchers in psychology. Several aspects of this work are
especially relevant to the current study: the characterization of informal communication that
is based on communication qualities, the treatment of collaborative work tasks and
communication functions, and the discussion of implications of their findings on collaborative
scientific and technical work for new communication technologies.

Informal communication is defined in this work in terms of the set of qualities it
possesses (Kraut, Fish, Root, & Chalfonte, 1989 draft). Formal communication is characterized
as scheduled in advance, with arranged participants and a pre-set agenda, a one-way
communication flow, impoverished content, and formal language and speech register. Informal
communication, however, is unscheduled, involves random participants and an unplanned
agenda, is interactive, possesses rich content, and uses informal language. Stohl and Redding
(1987, p. 457) review literature on the nature and function of messages and message exchange
processes, although they do not relate this work to the potential of new communication
technologies. They typify the formal/informal dichotomy along a set of dimensions similar to
that described by Kraut et al., characterizing informal communication as unofficial,
spontaneous, nonroutine, tentative or exploratory, and conveyed with casual language. The
authors describe the functions of informal communication as R&D scientists and engineers
involved in collaborative work initiate, plan, execute and wind down projects (Kraut,
Galegher, & Egido, 1989 draft). They note that collaborators initiating projects must get
acquainted, identify common interests, assess compatibility, and do preliminary planning. In

planning and conducting work, informal communication "brings researchers into contact with a
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pool of theory, research findings and procedures” (p. 18). It also provides a mechanism for
browsing and interpreting published literature, refining ideas, sharing information,
coordinating activities, supervising work, and monitoring work progress and performance.

Kraut, Galegher, and Egido (1989 draft) argue that physical proximity is the best
technology for fostering successful group efforts in science and technology because it allows the
spontaneous, casual, interpersonal conversations that are necessary for group maintenance,
member support, and work production functions. They present evidence, based on a survey of
R&D workers, that physical proximity increases the chances that collaboration will occur. In
a survey of researchers in psychology, they found that physical proximity is strongly related to
communication frequency, including the frequency of telephope and electronic mail use. Their
results for this group also show that frequency of communication is positively associated with
greater satisfaction with the process of conducting work and is negatively associated with the
time needed to complete a project.

In other work, Kraut, Egido, and Galegher (1990) "define basic requirements that
communication technologies must meet to support [...] any cooperative intellectual work that
spans months and is at least partially based on a sustained personal relationship among the
members of a work group” (p. 165). The major requirements are that they permit high quality
interactions as low personal cost, i.é., that they possess the characteristics typically
associated with informal communication. They contend that current technologies, including
electronic mail and conferencing systems, are limited in the degree to possess these qualities.

Kraut and his colleagues have designed technologies, such as the Video Window, that
support interactive video and audio links between geographically remote sites and are
intended to mimic all the characteristics of informal communication that exist with physical
proximity. Nonetheless, they conclude that "no single technology for supporting collaboration
will adequately satisfy researchers’ needs throughout the collaborative process” (Kraut,

Galegher, & Egido, 1988, p. 764). Thus, the capabilities of different communication
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technologies may make each more or less appropriate to a given situation. For those occasions
requiring the transmission of a simple piece of non-visual, unambiguous information, electronic
mail may be preferable to a video/audio connection because it provides sufficient bandwidth
and does not demand the mutual presence of both partners in the exchange. They also note
(Kraut, Galegher, & Egido, 1989, draft, p. 41) that the benefits of informal communication that
they cite may not scale up: large, heterogeneous teams may require more formal communication
and control mechanisms.

Bizot, Smith, and Hill (1991) conducted an investigation of the use of electronic mail
by managers, scientists, engineers, technicians, and support staff in five divisions of an Amoco
R&D facility. They found that employees in an R&D organization found electronic mail most
appropriate for (in descending order) exchanging information, asking questions, exchanging
opinions, keeping in touch, and communicating with people who are not well known. It was not
considered very appropriate for exchanging confidential information, generating ideas,
problem solving, decision making, task allocation, resolving disagreements, and bargaining and
negotiating. R&D managers found electronic mail most appropriate for calling group meetings,
passing suggestions up the organizational ladder, sending and receiving progress reports,
assigning individual tasks, and giving positive performance feedback.

Overall, respondents felt that electronic mail had changed their work in a positive
way. A content analysis of messages revealed that over 90% were work-related. Messages
were assigned to each of the following functional categories (in descending order): solicit or
supply nontechnical information/advice/opinions; computer-related; perfunctory approval or
acknowledgement; meetings and appointments; request or provide routine support service;
technical; establish responsibilities; status report on work in progress; and social or nonwork
related.  They conclude that most messages dealt with administrative or nontechnical, as
opposed to technical matters. From their examples of message functions (p. 83), however, it

appears that "technical” was applied very narrowly to mean the exchange of actual pieces of
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technical data, e.g., "The current solvent composition is..." Discussion of technical matters, eg.,
"The data we are getting from the field will have been summed and differenced,” 'was
categorized as nontechnical information/advice/opinion.

Hiltz, along with various colleagues, has produced perhaps the most extensive and
highly regarded body of research related to the use of CMC by those engaged in scientific and
technical work (see, e.g., Hiltz, 1988; Hiltz & Johnson, 1989; Hiltz & Turoff, 1978, 1981).
Moreover, this body of work demonstrates the value of, qualitative approaches to the study of
network use and impacts. Her most in-depth treatment of this topic appears in a monograph
that describes studies of several different "online communities,” i.e., different groups of
scientific and technical users of a particular CMC system (Hiltz, 1984). The study of use, and

perceptions of impact, revealed a wide range of positive effects. CMC was used to:

. Increase professional reading;

. Increase communication with local, offline colleagues;

. Reduce time needed to contact, communicate with people;
. Clarify theoretical controversies;

. Clarify methodological controversies;

. Reduce travel;

. Meet new people;

. Broaden perspectives;

. Increase communication and connectivity;

. Make workers less space and time bound;

. Increase quality of work ;

. Increase quantity of work;

. Increase stock of ideas;

. Provide leads, references, or other info useful in work ; and
. Increase familiarity of others with one's work.
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Hiltz concluded that CMC changes the way people think and work, and expands the size and
density of social networks. This research also indicated that CMC use can exacerbate any
conflicts that may exist between one's organizational and community affiliations. Hiltz found
that network use may dar:nage one's organizational career, while it increases one's general
status within one's scientific community. One limitation of Hiltz's work is that it has been
restricted primarily to the study of a few particular CMC systems.

Foulger (1990) conducted a large-scale empirical investigation of users of IBM's in-
house, international computer conferencing system (about 50% of whom were employed in
R&D). One contribution of this work is its in-depth analysis of both the nature of various
computer messaging applications and the differences between electronic communication and
other forms of interpersonal and mass communication (see Heeter, 1989, for another model for
classifying CMC systems). Subjects in Foulger's study reported many positive effects of the
electronic communication system used at IBM, most of which, Foulger notes, had not been
mentioned in existing literature on conferencing systems. This comment draws attention to the
limitations of existing research, or, perhaps to problems inherent in studying a technology that
is changing so rapidly. In descending order of importance, reported impacts included: "answer
questions, better answers, change way job is done, job knowledge, increased peer contact, boosted
morale, outside group contact, increased productivity, personal contribution, IBM knowledge,
changed thinking, anticipate problems, vertical contact.” One problem noted by respondents
was isolation from nonusers. Foulger also found that people using the conferencing system felt a
sense of community with other users, similar to that which they felt for people in their
neighborhood communities.

Hesse, Sproull, Kiesler, and Walsh (1993) studied the use of electronic networks by
researchers in oceanography. They found that oceanographers who use electronic networks

employ them for (in descending order) electronic mail, data transfer, accessing remote
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databases, and accessing remote programs. In terms of impact, frequent use of networks was
associated with institutional prestige, professional recognition, more publications, and more
colleagues known. In terms of networking functions, frequent use is associated with planning and
administrative tasks and data collection and analysis; infrequent use is associated with
theoretical work.

Feldman (1987) conducted a study of several divisions of a Fortune 500 office systems
corporation and found that the R&D divisions were the most extensive users of electronic
messaging systems. She found that 65% of messages transmitted were work-related, that
spatial and organizational distance did not have a systematic effect on message traffic, and
that most messages were one-to-many communication, sent to groups of people via distribution
lists. Perhaps the most significant finding of this study was that electronic mail and bulletin
boards create communication links that would not otherwise exist between people who do not
know each other or are spatially and organizationally distant; such "weak tie" messages were
farticularly important in supporting socialization and problem-solving. This finding is
important because it suggests that the benefits described in connection with social networks may
in fact be facilitated by electronic networks.

Key results of other recent studies of the use of electronic networks by scientists and

engineers are summarized below:

. Electronic networks are most useful for logistical, administrative exchanges related to
research projects. They are somewhat useful for engineers, less useful for scientists
(Gerola & Gomory, 1984).

. Electronic mail is intimately involved in supporting cooperative R&D work; it is most

important for enhancing existing interactions. There is a great deal of communication
within, but not between, research programs (Eveland & Bikson, 1987).

. Electronic mail is most often used by researchers to contact people with similar interests
at different locations, is used primarily for research work, is used most often to get
information, and is usually used to contact individuals (Schaefermeyer & Sewell,
1988).
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. For the seven software development teams studied, greater use of electronic mail is
associated with improved performance. Electronic mail reduces use of other
communication channels and is used most often for coordinating work (Finholt, Sproull,
& Kiesler, 1990)

. For employees in R&D and product development divisions of a Fortune 500 office
equipment firm, those in the development division had greater access to CMC, sent
more messages, sent a greater proportion of work related messages, and knew their
partners better (Sproull & Kiesler, 1986).

Some work has investigated the use of networks in science and technology settings, not
by looking at individual users, but by conducting surveys targeted to a single individual
representing an entire organization. While offering little insight into individual use and
impact, they are able to describe network use on a broader scale than user-based studies of
particular organizations and groups. Case and Pickett (1987) surveyed 74 Fortune 500 R&D
companies about their use of information technology. They found that a majority of those
organizations surveyed reported using i‘nfonnation and communication technology for such
things as, in decreasing order, scientific calculations, data collection, lab automation, CAD,
modeling, process control, and project management. Between one-third and one-half of
respondents reported the use of computer-aided engineering, prototyping, and CAM
applications. Computer networks were employed in 62% of the companies surveyed and better
networking was the most often cited area for improvement. Respondents indicated that
information and communication technology contributed to enhanced productivity and
performance in a variety of ways. It allowed R&D workers to do more thorough research,
compiie more accurate or complete information, perform more powerful or sophisticated
analyses, save time, reduce errors, improve the coordination of project activities, and facilitate
the production of written reports.

De Meyer (1991) surveyed 14 international R&D firms about the mechanisms they used

to improve organizational communication and coordination. All of the firms studied used

electronic mail and computer conferencing to some degree to encourage R&D communication,

95



although some of the systems used were pilot programs or experiments. Most firms found
electronic communication to be more effective in coordinating work; the use of electronic
communication to share "innovative, problem-solving information" varied with the nature of
the work being performed: '"The higher the analyzability and the lower the complexity of the
technology [being developed by R&D workers] ... the more effective the computer supported
communication systems seemed to be” (p. 56). Electronic communication cannot replace all in-
person and telephone conversations, in part because in-person contact is essential to maintain
mutual confidence and trust.

Employees in various departments (legal, sales, planning, engineering, purchasing,
computer support) of several large manufacturing firms were studied by Lee and Treacy (1988).
Subjects reported that information and communication technology allowed them to diversify
sources of available information, increase the chances of finding relevant information, consult
people with different expertise, schedule work more easily, improve planning, and reduce
uncertainty about procedures and goals.

In summarizing the results of all of these empirical studies of network use in science and
technology settings, there seems to be general consistency in findings related to the purposes for
which electronic networks are used by people involved in scientific and technical work. Most
authors cite uses in the general areas of planning and coordinating work, the actual conduct of
work (e.g., to get ideas and information and to solve problems), and in the realm of social
support in the workplace (e.g., to boost morale, initiate contact, and make work enjoyable). On
the other hand, a number of conflicting findings exist. Eveland and Bikson (1987) conclude that
networks mainly enhance existing interactions, while Feldman (1987) asserts that networks
create new communication links and Foulger (1990) and Bizot, Smith, and Hill (1991)
emphasize that networks create new ways of thinking and doing things. Some authors find
that networks are used mainly to communicate with spatial and organizational remotes while

others find that most electronic communication occurs between people who occupy proximate
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positions. Some studies conclude that networks are used mainly to contact individuals while
others conclude that they are used mainly to contact groups. |
The fact remains that no empirical studies have dealt exclusively or extensively with
engineers, the degree to which networks are used in engineering work and communication, and
factors--especially social and behavioral factors--associated with the engineering
environment that may be related to network use. The current study, like the CSCW studies
described in this section, identified technology uses and impacts after first gaining an
understanding of the environment, work, and communication behaviors of the particular group

under investigation.

2.6.5. Engineers’ Use of Computer Networks: Summary and Conclusions

This section has suggested the importance of, and described current knowledge about,
the use of electronic networks by engineers. In the policy arena, the Federal government is
investing in national high-speed networks and developing networking systems and policies
directed toward the solution of "grand challenges" in engineering. Government studies assert
the potential impact of networking, but little empirical work has been done on the use of
networks by engineers. A number of descriptions of the use of electronic networks in engineering
settings have appeared; these provide important context information for the current study. As
yet there have been no cross-organizational, empirical studies of the use of electronic networks
by engineers. A number of empirical investigations of electronic networking have been
conducted in science and technology settings, although the majority of research devoted to
studying network use has been conducted in other environments, has lacked a user perspective,
and has yielded a number of conflicting findings. Thus, the current study hopes to extend
previous empirical work by taking an inductive approach in investigating networking use,

impacts, and factors related to use in one important engineering community.
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2.7. Conclusions: Implications of Previous Research for the Current Study

The purposes of the current research are to describe the use of electronic networks by
aerospace engineers and to explore relationships among network use, engineering work, and
engineering communication. This chapter reviewed literature in these major areas, and has
attempted to achieve a balance of attention to topics and issues in this broad arena. A number
of conclusions drawn from this review of the literature have implications for the conduct of the
current study, which are discussed below.

First, the aerospace industry possesses a number of characteristics that may affect the
use and impacts of electronic networks in aerospace engineering. Further, the unique
characteristics of the aerospace industry must be kept in mind when interpreting the current
study's findings, especially in terms of assessing the degree to which they are generalizable to
other industries.

Engineering work is complex and multifaceted. Thus, it can, and should be classified
along a number of dimensions in the current study (e.g., primary job responsibility, primary
organizational unit). At the task level, aerospace engineering appears similar to other kinds of
engineering. Engineering work encompasses a range of social and technical activities and
communication is a major component of engineering work. This suggests that a variety of
computer network applications (i.e., those supporting informal communication, computation,
and information creation and_rem'eval) may be useful to aerospace engineers.

The diversity of aerospace engineering work is closely associated with the diversity of
knowledge created and produced by aerospace engineers. Much knowledge appears to be
transmitted within the technological community. Some forms of aerospace engineering may be
suitable to electronic transmission, given the current state of networking technology, while
others may not. Further, the emphasis in the literature on the role of the community suggests

the importance of examining social factors and impacts related to network use.
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Engineering communication occurs within both informal networks and formal
organizations. Thus, the current study pays attention to organizational factors related to
electronic networking. The literature on informal social networks in science and technology
raises a number of interesting questions in an electronic age, e.g., will the uses and impacts of
social networking be mirrored in electronic networking? Empirical studies of engineering
communication and information use have achieved consensus on some findings, such as the
importance of interpersonal communication in the conduct of engineering work, the importance
of access as a determining factor in the use of engineering resources and communication channels,
and the kinds of engineering resources used by engineers. These suggest relationships to be
explored in the current study of electronic communication and information use. On the other
hand, the exact nature of the relationship between the use of various engineering resources and
the accomplishment of particular work tasks is far from fully explained. Finally, very few
studies of engineering communication and resource use have included investigations of the use of
computer networks.

The Federal government and individual organizations are investing in electronic
networks in anticipation of certain outcomes. It is clear that electronic networks are being used
in engineering settings. Very few empirical investigations of the use of electronic networks in
engineering settings have been conducted, however, so it is difficult to predict whether
investments are warranted, what factors affect network use, or which network designs and
strategies would be most effective. The lack of empirical, user-based data also means that the
current study can extend existing knowledge about networking uses, determinants and impacts in
engineering settings.

The juxtaposition of literature related to engineering work, communication, and network
use suggests a number of interesting issues and questions. For example, if much of engineering
knowledge is nontextual and nonverbal, how useful are networks likely to be as a medium for

communication and information processing? Do "invisible labs" and "invisible shop floors”
p g
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(analogous to invisible colleges in science) exist? If so, will electronic networks extend their
benefits? Some of these questions are explored in the current study; others offer insights into
future research directions.

One major failure of current research on electronic networking is that it has not paid
much attention to the work and communication needs and patterns of the various groups of
people it studies. The literature reviewed here suggests that, given their work tasks and
communication activities, aerospace engineers may benefit greatly from the implementation of
electronic networks in the workplace. It also suggests that they are likely to encounter a number
of problems. Due to the limited extent of previous work in engineering work, communication,
and electronic networking, the literature provided only limite_d guidance on choice of variables
for this study. Chapter 3 describes the development of this study’s methodology, much of
which was built on the ideas and techniques encompassed in the previous work that has been

reviewed here.
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CHAPTER 3: RESEARCH DESIGN AND METHODOLOGY

3.1. Introduction

The aim of this study is to explore and describe the use of computer networks by U. S.
aerospace engineers. It investigates computer networking from a user perspective and focuses on
the way that networks are currently used by aerospace engineers to facilitate communication
and otherwise assist in the performance of work tasks. The study is guided by the following
research questions:

1) What types of computer networks and network applications are currently used by

aerospace engineers?

2)  What work tasks and communication activities do aerospace engineers use
computer networks to support?

3)  What work-related factors are associated with the use of computer networks by
aerospace engineers?

4)  What are the impacts of network use on aerospace engineering work and
communication?

Data to answer these questions were collected from a wide variety of aerospace engineers. The
chief mechanism for gathering data was a national mail survey, but the mail survey was
preceded by preliminary activities: initial site visits/interviews, a telephone survey, and
primary site visits/interviews. The three preliminary activities were used to refine the mail
survey instrument, to supply anecdotal and interpretive data not easily gathered in a mail
survey, and to provide data that, when compared to the survey data, can be used to validate
the mail survey results.

No previous study has collected extensive, cross-organizational, empirical data on the
use of electronic networks by engineers. Study results will contribute to existing knowledge

about both network use and the nature of engineering work and communication. Findings can be
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used by the aerospace community--and possibly others as well—-to inform the development of
more effective networking systems, services, and policies.

This chapter presents the basic elements of the plan for collecting data to answer the
research questions presented above. The study's design and methods for collecting data are
described, the framework for analyzing the results is presented, and the benefits and
drawbacks of the chosen methods are discussed. Results from preliminary study activities that
contributed to the development of subsequent data collection instruments, and can be used to

triangulate mail survey results, are also presented.

3.2. Plan of the Study

3.2.1. Overview

Aerospace engineers from a wide range of private, government, and academic
institutions who perform a variety of engineering duties were included in this investigation.
The study drew upon methodological approaches and techniques that have evolved in the
fields of library and information science, communications, management, and sociology. Because
it is a user-based, the study aimed to collect data directly from individual aerospace engineers
on networking topics and issues that were related to their own personal experiences and
concerns.

Fiéure 3-1 depicts the major activities comprising the study. Previous experience
investigating scientific and technical information transfer and the use of networks by
researchers was used to formulate preliminary research goals, questions, and methods for this
study. Reviewing the literature on engineering work, communication, and network use also
contributed to the early formulation of study goals. An appropriate sample frame was then
identified and a sample obtained. Multiple data collection techniques were used to gather
data on characteristics, perceptions, and activities of aerospace engineers that are related to

network use, work tasks, and communication activities.
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Figure 3-1. MAJOR STUDY ACTIVITIES
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Initial site visits/interviews were conducted in June 1991 in order to become more
familiar with aerospace engineering work and communication. A national telephone survey in
July and August 1991 was used to contact a subset of the chosen sample and gather preliminary
data from the 430 respondents on their use of electronic networks. Data from the initial site
visits/interviews and telephone survey were reviewed and used to focus the study's goals and
questions and assess the basic characteristics of the sample frame. The next major step was to
develop, pretest, and conduct the study's primary site visits/interviews. These in-depth
interviews of 31 aerospace engineers were conducted in August 1991 and were used to explore the
range of aerospace engineers' perceptions and activities related to work tasks, communication
activities, and network use; they also served as a pretest for a number of questions tentatively
planned for the national mail survey.

During Fall 1991 and Spring 1992, these preliminary data were carefully reviewed,
summarized, and used to inform the design of the national mail survey questionnaire. The
questionnaire was developed during June through September 1992 and a pretest was conducted in
October 1992. Pretest results were analyzed, leading to revisions to the questionnaire. The
final version of the questionnaire was sent to approximately 2000 aerospace engineers at the
end of February 1993. A second mailing of the questionnaire to nonrespondents was undertaken
in early April. Coding and data entry procedures for the survey were reviewed and revised in
May and June 1993. A test database containing the results of 144 randomly selected returned
questionnaires was created to finalize coding, input, and analysis procedures. Returned surveys
were accepted through July 15, 1993, after which all survey data from the 950 returned
questionnaires were entered into the database. From July to December 1993, a number of simple
statistical analyses were performed and results were reviewed. The final step in the study was
the integration, interpretation, and reporting of the study's findings.

A major strength of the study is its use of multiple methods for gathering data. The

data collection activities pursued in this research are cumulative. Each activity contributes to
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the study in a different way. Insights gained in preliminary activities were used to refine
instruments and help interpret findings in subsequent data gathering stages. The preliminary
data collection activities produced four important benefits. They helped in: (1) refining the
study's goals and research questions; (2) designing items for the mail survey, so that the results
yielded by the mail survey would be more valid and reliable; (3) allowing the collection of
different kinds of data from study subjects, i.e., anecdotal data in the interviews and more
structured responses in the surveys; and (4) supporting data triangulation, whereby data

collected by different mechanisms, but related to the same variable, can be compared.

3.2.2. Framing the Research Questions: Definition of Key Study Concepts

Each of the study's research questions contains terms that represent important
conceptual elements. This section will explain the constructs used in the research questions and
suggest how, generally, the constructs used as variables were operationalized. The basic goal of
this section is to explain which data the study sought to collect and why. A more detailed
description of how data related to the study’s key concepts were collected and analyzed is
presented below in Section 3.4: Analysis Framework.  Because this study was comprised of a
number of different data collection activities, each with a somewhat unique focus and purpose,
concept definitions evolved throughoﬁt the course of the research and precise, identical
definitions were not used in every portion of the study. The definitions of key study concepts
presented in Table 3.1 represent the general manner in which these concepts were used during
the course of the study and, more specifically, how they were defined in the study’s mail
survey.

This study looks at the role of computer networking in one particular industry. Unlike
most other studies of computer technology, it seeks to assess this role across specific job types,
organization types, and technology implementations. The first aim of this research is to collect

baseline data describing the current use of electronic networks by people involved in aerospace
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Table 3-1.

Key Concept

Aerospace engineer

Computer network

Types of electronic
networks

Definitions of Key Study Concepts

Definition in this Study

Individuals engaged in research, development, design, testing,
and manufacturing of a wide variety of commercial and military
aeronautical and aerospace technologies, from commercial aircraft
to guided missiles to space station equipment.

Throughout the study, respondents were asked to characterize
their organizations and jobs in terms of:

* Jobtype (e.g., engineer, scientist, manager, technician)

+ Qrganizational unit (e.g., research, development,
engineering, manufacturing, marketing)

« Primary work activity (e.g., management, design, testing)

+  Principal aerospace subfield (e.g., electronic systems,

propuision, structures, aerodynamics).

These characterizations serve to define the individual's role in
aerospace engineering and were used as a primary means of
grouping and reporting data on network use and other concepts
important in the study.

Telecommunication link that connects computers to each other or
to other devices. “Electronic network” is used as a synonymous
term. Examples of computer networks are linked workstations, a
desktop computer linked to a mainframe or a printer, a dial-up link to
a remote database, and a direct Internet link from a desktop
computer. Throughout this study, respondents were instructed to
interpret the term “computer network™ according to this broad
definition.

Four types of networks were defined for the purposes of this
study:

+ Local area networks: Connect to people, tools, or information
within one building at the workplace.

+ Organizational networks: Connect beyond one workplace

building to people, tools, or information within an individual's
organization.

+ External/research networks: Connect to people, tools, or

information outside an individual's organization; intended for
research and educational use.

« External/commercial networks: Connect to people, tools, or

information outside an individual's organization; open for use
by the general pubtic.
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Table 3-1(Cont'd). Definitions of Key Study Concepts

Key Concepts

Computer network
application

Network use

Work tasks

Communication
activities

Factors associated
with network use

impact of network use

Definition in this Stud

A software program used to perform some function over an
electronic network. Examples of the kinds of network applications
investigated in this study are electronic mail, remote login,
information retrieval, and file transfer.

Any instance in which a telecommunications link is employed by an
individual. Extent of use is defined in this study in terms of self-
reported frequency of use (e.g., daily, weekly) and intensity of use
(i.e., percent of work week spent using networks).

Any activity engaged in by an individual that he or she perceives as
being a part of, or related to, his or her job. The kinds of work tasks
that aerospace engineers reported performing include such things
as writing technical reports, producing detailed designs, procuring
parts, preparing budgets, monitoring schedules, defining product
requirements, conducting experiments, and ensuring compliance
with product and process specifications.

Any instance in which an individual contacts either another person
(such as a co-worker, customer, or supplier) or accesses some
resource (such as a computational tool, experimental equipment,
trade journal, design history, specification, or technical report) in
the course of performing a work task.

May be social, behavioral, situational, or technical, as perceived by
individuals or suggested in their characterizations of themselves,
their behavior and attitudes, their organizations, their work, or their
communication.

Any perceived or reported immediate or longer-term effect of
network use on an individual or organization, or on the aerospace
industry, in general. Dimensions of impact investigated in this
study include:

+ The degree to which aerospace engineers use networks, i.e.,
how many engineers use particular types of networks and
network applications for specific work tasks and communication
activities;

* The degree to which network use is associated with different
reported pattems of work and communication;

+  Specific effects and impacts of electronic networks, as
perceived by individuals;

* Value of electronic networks, as perceived by individuals.
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engineering. The first research question asks "What types of computer networks and network
applications are currently used by aerospace engineers?” The second research question explores
relationships among network use, aerospace engineering work, and aerospace engineering
communication. It asks "What work tasks and communication activities do aerospace engineers
use computer networks to support?” Throughout the study, participants were asked to describe
the work tasks they perform, whom they communicate with, and which information resources
and other tools they needed in their work. They were also asked to report the degree to which
networks were used to access the people and other engineering resources needed to perform work
tasks. Communication, whether with people or other engineering resources, is a fundamental
engineering activity that pervades virtually every engineering task. In order to perform work
tasks, engineers communicate with a wide range of people and access a variety of other
engineering resources, such as computational tools, experimental equipment, and documents.
This research also attempts to identify aspects of aerospace engineering work that
encourage or hinder network use. The third research question asks: "What work-related factors
are associated with the use of computer networks by aerospace engineers?” Such work-related
factors may be social, behavioral, situational, or technical; all of these are of interest in this
study. The study assumes that factors associated with network use may or may not be perceived
by aerospace engineers themselves, and may be suggested by their characterizations of
themselves, their behavior and attitudes, their organizations, their work, or their
communication. Aspects of the work environment which may be related to network use include
the job dimensions described above (i.e., job type, organizational unit, primary work activity,
and principal aerospace engineering subfield). Other factors suggested by this study's
preliminary data collection activities include organization size, the proximity of co-workers,
perceived organizational attitudes towards network use, the interdependence of one's work

with the work of others, the degree to which work products and resources already exist in
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electronic form, the perceived difficulty of accessing or using networks, and the need for
immediate, interpersonal interaction in a particular situation.

Finally, the study offers an assessment of the impact of electronic networking on
aerospace engineers, their organizations, and the aerospace industry. The fourth research
questions asks: "What is the impact of network use on aerospace engineering work and
communication?” Impact is evaluated in this study by collecting and analyzing several kinds of
data, including data on extent of network use, the degree to which networks change patterns of
work and communication, and the value and effect of networks, as perceived by individual
users.

Both the third and fourth research questions help build an understanding of the effects
of network use on aerospace engineering work. An interesting perspective for the analysis of
these two questions arises from what has been learned in the study of traditional (i.e., non-
computerized) social networks, such as the "invisible colleges" and social networks of scientists
(see, e.g., Crane, 1972; Cronin, 1982; Granovetter, 1973), organizational grapevines (see, e.g.,
Hellweg, 1987; Mueller, 1986), and community support groups (see, e.g., Dosa, 1985). These
characteristics and effects can be summarized as greater access to expertise, ideas, resources,
and social or moral support through increased contact with people--perhaps previously
unknown-—-who share the individual’s experiences, interests, and values. What kind of social
networking exists in the engineering community? Are the characteristics and effects of
traditional networking mirrored in the world of electronic networks? The current study will

explore these kinds of issues and lay the groundwork for future research in this area.

3.23. Linking Important Concepts in the Study
This study's four research questions are intended to guide the collection of empirical
data that will suggest relationships among aerospace engineering work, communication, and

network use. In Chapter 1, a conceptual model depicting a framework for investigating network
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Person to Person Person to Resource

Electronic 1 2
Link
Non-Electronic 3 ' 4
Link

Figure 3-2.
Conceptual Links Among Major Elements in the Study

use in the context of aerospace engineering work was described (see Figure 1-1). The major
concepts associated with each research question were identified and described above in Section
3.2.2

Figure 3-2 contains the same conceptual elements as Figure 1-1, but they are linked in a
different way. The previously presented figure is a snapshot of one particular situation in

which an aerospace engineer may use electronic networks to access specific engineering
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resources—~human and other—to perform some work task. Figure 1-1 emphasizes the study's user
perspective by depicting the individual engineer and the communication activities that may be
associated with a particular work task, with the entire situation embedded in a complex
matrix of social, behavioral, technical, and situational constraints. Figure 3-2, on the other
hand, departs from the microcosm of the individual engineer's world in order to take a
macrocosmic look at engineering communication activities. The columns represent the major
types of resources (either a person or some non-human resource) that an engineer might
communicate with in the course of performing his or her work. The rows represent the possible
modes (either through an electronic or some non-electronic link) of accessing that resource.

One goal of the study is to describe the activities that take place within the cells in
Figure 3-2. Cells 1 and 2 represent situations in which engineers are linked through electronic
networks to other people (Cell 1) and engineering resources (Cell 2). Examples of Cell 1
activities include sending an electronic text file to a colleague or using an electronic bulletin
board. Cell 2 activities would include the use of an electronic network to access CAD/CAM
software or online business data. Cells 3 and 4 represent situations in which engineers access
other people (Cell 3) and resources (Cell 4) without the use of electronic networks. Cell 3
activities include such things as telephoning a vendor or distributing a hardcopy memo to all
project team members. Activities in Cell 4 would include such things as going to the library to
browse trade journals or using word processing software on one's desktop computer.

The arrows in the diagram indicate that the second major goal of this research is to
explore movement from Cells 3 and 4 to, respectively, Cells 1 and 2. The study seeks, in other
words, to identify factors associated with the aerospace engineering work environment that
may facilitate or hinder the move to electronic communication and to explore the impacts on
engineering work and communication that may accompany the transition to network use.
Diagonal links—e.g., the move from non-networked communication with a person to networked

communication with some non-human resource—describe processes that, while in some cases are
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conceptually possible, are not a specific focus of this study. Similarly, although it is not a
major focus of this research, study results can suggest lateral movement between Cells 1 and 2
that may be of theoretical or practical interest. For example, how does an engineer decide
whether to acquire needed information from a networked colleague as opposed to a networked
database or document?

In summary, this research involves a number of key variable groups. Network use is
operationalized in terms of reported frequency or intensity of use, and includes various network
types and applications. Engineering work tasks and communication activities are identified
through aerospace engineers' reports of their work, which engineering resources they used, and
what work-related purposes the resources are used for. Factors considered as being potentially
associated with network use include individual, situational, job, and organizational
characteristics. Network impacts are operationalized in terms of degree of network use,
perceived value of networks, perceived effects, and self-reported behaviors related to impact.

Understanding relationships among network use, work, and communication will be
useful to those people and organizations trying to estimate the potential impact of electronic
networks on aerospace engineers, on their organizations, and on national productivity and
competitiveness in the aerospace industry. Further, the results should be suggestive of the
potential impact of networks on other kinds of work, based on the degree to which they
resemble aerospace engineering work. It is the aim of this research to identify work
characteristics and needs that underlie the use of networks. This type of user-based research on
information and communication technology is important because it not only evaluates the status
quo, it points to networking system features, implementation strategies, and use policies that
could improve the effectiveness of the next generation of networked systems. For example,
some researchers (e.g., Hesse & Grantham, 1991, draft; Murotake, 1990) suggest that, as
networks and computers become virtually ubiquitous, the emergence of the networked

organization will make it possible for workers to "telecommute,” i.e., to do all their work from
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home with the aid of a computer and a modem. But is all work amenable to computerization
and telecommuting? If networked virtual realities (i.e., shared access to visualization and
simulation applications) can be used to computerize engineering work tools and share
engineering products that up to now have existed only in physical formats, could engineers work
effectively from their homes? Or would other underlying work and communication needs and
factors militate against the success of such endeavors? What system capabilities and policies
would facilitate such an endeavor? This example illustrates the potential that user-based
research has for informing the design and development of new information and communication

systems and the policies that must govern their use.

3.2.4. Research Design and Sample Selection

The previous section discussed the type of data collected in the study. The purpose of
this section is to describe from whom these data were collected, and why. The choice of
research design and sample for this investigation has its roots in the study's purpose and
research questions. The research is exploratory and descriptive. It seeks to investigate
relationships between network use and aerospace engineering work and communication as
broadly as possible, and on a national level. Aerospace engineering work is a highly diverse
activity in terms of the range of employers, products, jobs, and work activities it encompasses
(Aerospace Industries Association, 1991; Kemper, 1990). Key dimensions of aerospace
engineering work include job type (e.g., engineer, scientist, manager, technician),
organizational unit (e.g., research, development, engineering, manufacturing, marketing),
primary work activity (e.g., management, design, testing), and principal aerospace subfield
(e.g., electronic systems, propulsion, structures, aerodynamics). This study collected data
which explore and describe variations in network use and impacts that may be associated with
these key dimensions of aerospace engineering work, as well as with situational and individual

factors.
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The chief aim of the study's research design, therefore, is to identify and gather data
from individuals who are as diverse as possible in terms of the nature of the aerospace
engineering work they perform. It is assumed that individuals who represent this work
diversity will also vary along other dimensions of interest in the study, such as degree of
computer experience and level of network use. The research design of the study involves
securing the participation of people in aerospace engineering who work at different kinds of jobs
in different kinds of organizations in the private sector, academia, and Federal laboratories.
This design allows post hoc comparisons of differences in network uses and perceived impacts
that may occur among various data groupings, such as by subdiscipline, job type, geographic
location, type of institution, level of institutional support, degree of experience with
information technologies, and engineering task.

The reason for securing the participation of subjects from different sectors, with
different job types, working in different subdisciplines, and with different levels of networking
experience is that these groups are expected to evince different communication and information-
seeking patterns, perform different kinds of work tasks, and operate within different cultural
environments and reward structures. The point of the study is to investigate how electronic
networking is being incorporated into these different environments, and to look for
commonalities and differences that may help explain variations in network use. National
networking initiatives are intended for use by engineers in all of these groups; therefore,
understanding the network behavior of and impacts upon these groups will contribute to the
successful development and management of national networks. Achieving substantial
variation within the chosen sample will improve the applicability of the results in that, for
example, perceptions of impact described by managers in this study may be applicable to
managers in other fields as well.

One key methodological concemn is to find a sample frame that is representative of the

population of interest. The sample frame is all of the people who have a chance to be included
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in the study sample, i.e,, it is the group from which the sample is selected. Another concern is
to collect data from a sample that is large enough to guarantee that the size of sampling error is
acceptable for the purposes of the study, even for the smallest data group that is eventually
analyzed. If these two issues are resolved, it is much more likely that observed effects will be
“real” and that they will be generalizable to the population of interest (Fowler, 1984).

The first task in this study was to find a sample frame that is representative of the
population of aerospace engineers. Unfortunately, there is no description of the population of
aerospace engineers that characterizes the population along all the dimensions of interest in
this study (Pinelli, 1991b), so representativeness can not be guaranteed. The National Science
Foundation, however, collects and reports employment data from aerospace engineers related to
a number of characteristics of interest in this study, such as employment sector, primary job
responsibility, and educational level (see, e.g., NSF, 1987). These data on the national
population of aerospace scientists and engineers provide one yardstick against which any
chosen sample frame can be compared.

Typical sample frame options for studies of engineers include sets of relevant
professional society members, employees of relevant organizations, and subscribers to relevant
publications (Shuchman, 1981). Identifying and contacting a set of aerospace engineers through
selected employers seemed the least efﬁcient option. It also seemed that it would be very
difficult to get variety along a range of work dimensions and identify a sample that was
diverse enough to be representative of the general population, if respondents were associated
with only certain employing organizations.

There are two professional societies for aerospace engineers. The American Institute of
Aeronautics and Astronautics (AIAA) is research-oriented; its membership includes more
people holding doctoral degrees, more people employed in academia, and more people engaged
in R&D than does the population represented by the NSF employment statistics. Thus, the

AIAA sample frame was judged not typical of the general population of aerospace engineers.
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The Society of Automotive Engineers, or SAE (its name has not changed to reflect the fact that
it has for many years been devoted to both aerospace and automotive industries), is geared more
toward the practicing engineer; its membership more closely follows the statistical breakdown
of the NSF aerospace employment data. A potential problem with using professional societies
as sample frames, however, is the fact that their members are self-selected in a manner that
may confound study results. The primary motivation for joining a professional society is likely
to be a concern for professional advancement and a strong desire to interact with colleagues.

Each of the two professional aerospace societies publishes a weekly trade magazine.
Subscribers to such publications are also self-selected, but the primary motivation for
subscribing to a trade magazine is the desire to keep informed, generally, about a particular
industry. Thus, it was decided that the subscriber databases provided a more general and
diverse sample frame than society memberships; the SAE publication, Aerospace Engineering
was chosen over the AIAA publication because it seemed that SAE magazine subscribers would
be more representative of the population of aerospace engineers than AIAA magazine
subscribers, for the reasons noted above. Subscribers to Aerospace Engineering are not required
to be SAE members. Interestingly, the AIAA became aware of this study and requested
permission to distribute the mail survey questionnaire to its membership. Permission was
granted and if, in fact, the AIAA implements the survey, those results could be analyzed, at
some later point in time, to investigate network use among aerospace engineers who are
primarily engaged in R&D and to compare use in the two, somewhat different, aerospace
communities.

Using the SAE subscriber database as the study’s sample frame introduces the threat of
selection bias, defined by Freeman, Pisani, and Purves (1980, p. 303) as a “systematic tendency
on the part of the sampling procedure to exclude one kind of person or another from the sample.”
People excluded from the study’s sample due to the selection of the subscriber database as the

sample frame are those people who choose not to subscribe to Aerospace Engineering.
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Nonsubscribers might include individuals who cannot afford to join the SAE or purchase a
journal subscription, are less interested in keeping up to date with developments in the field,
are too busy to read trade journals, have a copy of the journal available in their workplace
through an institutional subscription, or are prohibited by their employers from allowing any
identifying information about themselves and their work to be collected by an external
organization (in cases where the utmost secrecy about their work must be maintained).
Potential bias due to the exclusion of such people from the sample frame should be kept in mind
when interpreting study results. For example, individuals who lack resources to purchase a
journal subscription may also lack the resources required to gain access to networks, so extent of
network use could be overestimated in study results. On the other hand, results related to the
degree of security concerns aerospace engineers express about network use might be
underestimated, due to the exclusion from the sample frame of those individuals most likely to
be involved in classified or highly proprietary work.

After choosing a sample frame, the next important issues are deciding how many people
to include in a study's sample and how to select them. The sample must be large enough to
guarantee that the size of sampling error is acceptable for the purposes of the study, and the
selection must also be designed to provide valid and reliable results. This research is comprised
of a number of data collection activities, requiring different size sample sizes and sampling
techniques.

The study required three random samples to be drawn from the SAE subscriber
database, due to the length of time that elapsed between its preliminary data collection
activities and the final mail survey. The first sample, drawn in Spring 1991, was used for the
study’s telephone survey and primary site visits/interviews, which were conducted in Spring
and Summer 1991. The second sample was drawn in June 1992 and was used to pretest the mail

survey in October 1992. As a result of discovering a significant number of pretest subject
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addresses that were no longer current, a final sample was drawn in December 1992 for the mail
survey that was administered in February 1993.

For the study’s telephone survey and primary interviews, a random sample of 1,200
individuals was drawn from the database that contains records for all people subscribing to
SAE's weekly trade journal Aerospace Engineering. The database containing the 65,000
subscribers’ names, addresses, telephone numbers, employers' names, and job types is maintained
by the SAE. The database categorizes individuals according to whether they represent an
aerospace industry (aircraft, missile, spacecraft, propulsion system, etc.), manufacturing,
government, air transportation, suppliers, or services (including consultants, R&D services, and
education). It also classifies subscribers according to their self-identified job classification
(corporate management, engineering management, engineers and designers, R&D, manufacturing
and production, purchasing and marketing, and “other”). Because of this study's interest in
informing national networking policy development, only engineers employed in the United
States were included in the sample. The database includes practicing aerospace engineers
working on a wide range of aerospace products, in a wide variety of organizations and subfields,
and with a variety of professional duties. Results from the telephone survey conducted as part
of the study indicate that the SAE sample possesses characteristics in the same proportions as
those reported in the NSF data (see Section 3.3.3.3 below).

A random subset of 695 subjects was drawn from the original SAE sample as potential
participants for the study's telephone survey. About twenty individuals who represented a
variety of job types and worked in organizations in the northeastern United States were
initially selected (a purposive sample) for potential participation in the primary
site/interviews visits.

Since the study's research questions will be answered primarily by results obtained in
the mail survey, it is the nature and size of the mail survey sample that is most critical. A

second sample was drawn from the SAE subscriber database in June 1992 in order to obtain a more
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current set of respondent addresses for the mail survey. In this sample, individuals were
disproportionately drawn from the SAE database categories. Disproportionate stratified
samples are recommended when, as in this study, reports about certain subgroups are important
and, further, the study does not primarily aim to make estimates about the total population
represented by the sample frame. This study, in other words, aims to compare different types of
aerospace engineers on variables associated with network use. Its primary aim is not to
estimate network use for subscribers to Aerospace Engineering. As noted by Sudman (1976, p.
111): “For comparison of subgroups, the optimum sample is one where the sample sizes of the
subgroups are equal, since this minimizes the standard error of the difference.”

The stratified sample for the national mail survey was obtained by first eliminating
certain SAE database categories whose members would not be appropriate for the research
because they are not U.S. aerospace engineers. These categories were "Air Transportation”
(which includes air traffic controllers, pilots, etc.); "Foreign Government” employees; "Other
Titled Personnel” (which includes librarians, many retirees, etc.) except for those in consulting
and R&D "Services" or "Education”; and "Others Allied to the Field." An approximately
equal number of subjects was randomly drawn from each of the remaining categories in order to
obtain a substantial number of subjects representing different types of aerospace engineering
work.

This study was particularly interested in exploring private sector network use by
mainline engineers. Less research has been conducted in this arena, which is of critical
importance in current national policy discussions of industrial competitiveness. Nonetheless,
the sample was weighted to increase the percentage of government and academic respondents.
These groups made up only about 13.6% and 5.2%, respectively, of the SAE database; if their
representation in the sample were not increased, it would have been difficult to make
meaningful comparisons across the three primary sectors of industry, government, and

academia. The final sample, drawn in December 1992, was stratified in the same manner as the
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Table 3-2. SAE Sample Strata Used in the Mail Survey

. in SAE Subscriber Datal , imate Number of R S
from that Category
Corporate management 600
Research and development 600
Engineering management 600
Engineers and designers 600
Manufacturing and production 600
Other titie personnel 300
Purchasing and marketing 500

sample drawn in June. It included 3,750 individuals, divided as shown in Table 3-2, with about
10% from academia and not-for-profit firms, 30% from government, and 60% from industry.

It was difficult to maintain absolute control over the distribution of the final sample.
The sample was drawn by SAE staff according to instructions provided by the researcher. The
resulting set of records did not idenﬁf-y categories, but examination of the sample records
suggested that instructions had been followed. SAE staff, however, noted after
drawing the December sample that it was difficult to obtain the exact distribution represented
in the June sample, because the distribution across categories had changed since the earlier
sample was drawn. One specific failure noted was that all retirees were apparently not
weeded from the sample; a small percentage of survey respondents (1.8%) classified

themselves as “retired.” These respondents were retained in the study’s analysis: a perusal of
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their questionnaires showed that they either answered questions according to their last job, or
left segments of the questionnaire blank.

The main requirement for this study was to identify a sample frame that included
people performing a wide variety of tasks within the aerospace engineering community with
significant representation across sectors. This requirement was adequately met by the SAE
subscriber database. The actual categories used in the database were helpful in ensuring a
range of job types, but the categories themselves are of only minor significance, since they do not
form the exact basis of any of the study's planned analyses.

One final adjustment was made to the mail survey sample in that 2000 records were
randomly selected from the original 3750 supplied by SAE as being the maximum sample size
that study resources could support. If the response rate were 50%, the final number of mail
survey respondents would be about 1000. According to Fowler's calculations of sampling error
(1984, p. 42), this means that, for the sample as a whole, chances are 95 in 100 that the real
population figure lies in a range no greater than plus or minus three units for any characteristic
identified in the study. For example, if survey results indicate that 50% of the respondents use
electronic networks to transfer text files, chances are 95 in 100 that the actual percent of the
sample frame that performs text file transfers is between 47% to 53%. Given the exploratory
and descriptive nature of the study, that margin of error is acceptable.

Another important consideration in accepting 2000 as a final sample size was whether
or not the number of responses in all sub-groups that would eventually be analyzed would be
adequate for the analysis. This implies a certain amount of guesswork on the part of the
researcher. The plan for analyzing survey results in this study calls for grouping data in a
variety of ways and it was impossible to predict the exact size of most of the data groupings
that would result.  Recent surveys of members of SAE and AIAA found that a significant
proportion of those surveyed were currently using electronic networks (Pinelli, 1991b; Society of

Automotive Engineers, 1990). And results obtained in the SAE telephone survey that served as
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a preliminary data collection activity for this study suggested that about 20% of respondents
would not use networks at all. Nonusers form one of the most important sub-groups in this study,
one that would in all likelihood be used to form further sub-groups. It was estimated that
beginning with 200 nonusers (assuming, again, that the final number of usable returns would be
about 1000) would make it possible to achieve adequately-sized groups for comparing network

users to nonusers along various dimensions of interest, such as primary job function.

3.2.5. Choice of Study Methods

After deciding which data to collect and from whom, the next task facing a researcher
is to select appropriate methods for gathering data. A variety of methods have been employed
in past research on network use (see, e.g., Williams, Rice, & Rogers, 1988) and some general
concerns and issues have also been expressed (see, e.g., Rice, 1989). A number of researchers
have noted the need for qualitative approaches in studying new information and
communication technologies. Following Kirk and Miller (1986), qualitative research is used
here to mean research that aims to investigate the nature—as opposed to simply the amount--of
phenomena of interest, usually by interacting with people "in their own language, on their own
terms” (p. 1).

Qualitative approaches are an important aspect of networking research because
networking is new, because network communication is a complex human phenomenon, and

because networking takes place within a social environment. Williams et al. (1988) argue

that:

Because research on the new media is at an early stage in its
development, scholars studying it probably need to consider use of
multiple methods, including more qualitative and triangulation
methods of data-gathering and analysis, and the interpretive
approaches to research. To date, however, most research on the new
media has used only quantitative research methods and has been cast
in a positivistic approach (p. 50).
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Triangulation, or the use of multiple methods to explore phenomena, have also been
recommended in studying networks by Lievrouw et al. (1987) and McClure et al. (1991).

This study focuses on describing and exploring network use from the point of view of
individuals engaged in aerospace engineering work. It aims at generalizability in that it seeks
to arrive at conclusions about the behavior and perceptions of people who are engaged in a
particular kind of work. To the extent that all engineers or all managers, for example, possess
similar information needs and perform similar work, results of this study may be applicable to
engineers or managers in fields other than aerospace. Further, the study is intended to yield
results that can be used by aerospace engineering organizations or by policymakers attempting
to predict national impacts of networking. Given the study's goals and its user perspective,
interview and survey methods were deemed more appropriate than other more quantitative
methods that have been employed in networking research.

Interviews and surveys are recommended as a means of providing meaningful insights
(especially when the goal of the research is "discovery” as opposed to "verification") into the
use and impact of emerging communication technologies (Attewell & Rule, 1990; Galegher &
Kraut, 1990; Johnston, 1989). Qualitative interviews are important for exploring the range of
individuals' perceptions and experiences, while surveys can then test the extent to which these
perceptions and experiences exist in the larger population.

Other options for studying electronic network use include network analysis, lab
experiments, network transaction log analysis, and case studies. Network analysis studies seek
to describe the structure of social networks through mathematical modelling (see Wigand, 1988,
for an overview of this line of research). Social network analysis techniques typically ignore
both the content or meaning of messages transmitted and the impact of communication on
individual network "nodes.” Case studies and ethnography may provide greater detail than
data obtained in surveys and interviews, but results are often not generalizable. Lab

experiments have also been used to study networking use and impacts. Experiments are most
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useful when testing specific hypotheses, well-founded in existing theory, and are not
appropriate when the aim is to explore the entire work environment in a naturalistic manner.
The constructs and relationships of interest in this study are not well-established enough in
theory to be tested in this way. After extensive reviews of research related to information and
communication technologies, Culnan and Markus (1987) and Steinfield (1986b) both remark on
the serious lack of cross-organizational studies involving any qualitative component.

According to Eveland and Bikson (1987, p. 103), “The degree to which these [electronic
communication] capacities are used ... depends on understanding how such tools are and are not
like other more familiar tools.” In order to gain an understanding of how aerospace engineers
perceive and use electronic communication, subjects in this study were asked to characterize
both electronic and traditional modes of communication. Such characterizations may be useful
in suggesting impact, factors that affect usé, and reasons why engineers use electronic networks
in some situations and non-electronic means of communication in others.

A key feature of preliminary data collection in this study is the analysis of
communication incidents and messages in order to better understand the situational context of
the relationship between work tasks, communication activities, and network use. Various
approaches for analyzing messages have been used in the field of linguistics known as
pragmatics (See, e.g., Kedzierski, 1982; Malone et al.,, 1987; Stohl & Redding, 1987; and
Winograd, 1988). The present study relies on the reports of message senders and receivers to
arrive at a full interpretation of message function, purpose, and utility. Other studies have
relied exclusively on the online logging and analysis of all computer messages. In these studies,
the analysis of messages is performed by the investigator (see Rice, 1992). Thus, the analysis
accounts only for the explicit content of messages (i.e., what was written, not what was meant)
and provides no context for interpreting results. Further, the automatic logging of messages is

not appropriate when, as in this study, non-computer messages are also of interest.
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As noted earlier in this chapter, it is important to remember that the data collection
activities pursued in this study were cumulative. In other words, insights gained in ;each
activity were used to select specific methods and to refine instruments used in subsequent data
gathering stages. The chief aim of the site visits/interviews was discovery. The interviews
are used primarily to explore the range of attitudes and experiences associated with particular
phenomena under investigation, e.g.,, What is the range of functions of computer-based
messages--from the sublime to the ridiculous—as perceived by aerospace engineers? What is
the range of network applications used by engineers? The mail survey, on the other hand,
verifies the extent of the activities, behaviors, experiences, and perceptions identified and
explored in the interviews. In other words, the survey increases the breadth of the study by
providing answers to such questions as: What percentage of aerospace engineers report using
each network application? What percentage of aerospace engineers cite various network
impacts? The primary site visits/interviews and the telephone survey also offer a useful
means of triangulating study findings; although the study's research questions are primarily
answered by the final mail survey results, these results can be compared to the preliminary
findings. Mail survey results can also be more effectively interpreted by reference to the more

open-ended and in-depth data gathered in the interviews.

3.2.6. Reliability and Validity

Study data are reliable if the same question responses would have been obtained, no
matter how many times the questions were asked. Study data are valid if they really measure
what the researcher thinks they measure. This section identifies techniques useful in
improving the reliability and validity of data and describes how such techniques were
implemented in this research.

Because the study's research questions will be answered primarily through the

tabulation and interpretation of results of the national mail survey, reliability and validity
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issues associated with the survey deserve special attention. According to Babbie (1990, p. 133),
the way to obtain reliable survey results is to "ask people only questions they are likely to
know the answers to, ask about things relevant to them, and be clear in what you're asking."
These recommendations mirror the tenets of user-based research and are the primary rationale
for the cumulative data collection activities described above. This study asks aerospace
engineers about their own everyday work and communication activities and about their own
perceptions. Mail survey questions were worded and formatted to emphasize that answers
should reflect the respondents’ own personal views and experiences. A number of questions were
asked for responses related to some particular, recent event, thus reducing the potential for
memory error. The preliminary data collection activities (site visits/interviews and telephone
survey) were conducted in order to help ensure that the mail survey would be relevant and clear
to those receiving it. Participants in these early activities were asked how they interpreted
questions and what could be done to improve the clarity and interest of the questions.

In addition, the mail survey was pretested by three different categories of respondents:
(1) researchers with expertise in CMC and survey design, (2) subjects from this study's
preliminary data collection activities, and (3) respondents drawn randomly from the study's
sample. Survey pretesting with the first two groups included a "debriefing” component, in
which subjects were asked to discuss their interpretation of and reactions to individual
questions. This also allowed questions perceived as ambiguous, threatening, boring, difficult, or
biasing to be re-phrased.

A specific technique recommended by Whitney and Brandenburg (1974) for checking the
reliability of survey results is to ask the same question in two different places in the
questionnaire. Several such reliability checks were built into the mail survey (see Appendix C
for a copy of the mail questionnaire). The same basic question was asked in slightly different
ways in different survey questions; if the results are reliable, the responses to those matched

questions should correspond to each other. For example, the percent of respondents answering
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that they had no access to local networks in the workplace (q.5) should jibe with the percent
who indicated no network access to people in their workgroup in q.6. In addition, responses to
open-ended questions were coded by two different people (the researcher and a coder who had
no previous involvement with this study) in order to assess the reliability of analysis of these
results. The outcomes of these reliability checks will be presented in Chapter 4.

The problem of validity is more difficult. This study employed three techniques
recommended by Babbie (1990) to improve validity. The proposed wording of survey questions
was compared to the wording of questions prepared by recognized experts. In this case, those
experts are researchers (some of whom are engineers themselves) who have produced in-depth
studies of the work and communication of engineers (e.g., Allen, 1977; Kaufman, 1983;
Murotake, 1990; Rosenbloom & Wolek, 1970; Shuchman, 1981) or scientific and engineering
organizations who have surveyed members of these professions.

Second, survey questions were developed as the result of intensive interaction with
engineers during the earlier data collection activities. This interaction allowed the
development of constructs which aerospace engineers themselves assessed as “valid.” For
example, questionnaire items representing aerospace work tasks and networking impacts
directly reflect the earlier study subjects’ characterizations of these constructs. And third, the
mail survey pretest allowed for the subjective evaluation of the face validity of responses.

Other validity checks are recommended by Whitney and Brandenburg (1974). First,
they suggest that follow-up interviews be held with several subjects to ask for corroboration
and explanation of their answers. This was accomplished in the mail survey pretest by probing
in subsequent interviews to ascertain that responses reflected actual activities and experiences.
For example, several respondents were asked to elaborate on their precoded response choice to a
question asking them to identify the most important work task they performed during the last
work week. This was done in order to verify that their choice reflected a “real” work task and

that the “correct” category for that task had been selected.
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Whitney and Brandenburg (1974) also suggest that data be cross-checked with other
sources. This will be accomplished with this study’s mail questionnaire in several ways.l As
with the reliability checks described above, specific validity checks were built into the mail
survey by asking respondents to report experiences and opinions on one particular topic in
several different ways. For example, the construct “extent of network use” in the aerospace
industry is measured in the survey by asking respondents whether they agree with the
statement "All the people, tools, resources I need are on the network," by asking them to
characterize the extent of computer networking at their workplace, and by asking for a report of
the frequency with which the individual respondent uses networks. The inclusion of open-
ended questions in the survey also offers a means of improving the overall validity of results, in
that respondents’ own descriptions of, for example, networking impacts, can be compared to
precoded responses on the same topic. In assessing the validity of mail survey results, selected
data will also be compared to external data sources, e.g., the results obtained in this study’s
preliminary activities and in other studies of network use in engineering settings.

A final approach to improving validity--establishing rapport with respondents and
employing other motivational techniques to decrease the likelihood that they will provide
careless or intentionally false information--is mentioned frequently in the literature. The
telephone and mail surveys used in this study were developed and implemented with special
attention to the guidelines in this area offered by Dillman (1978), which are informed by social
exchange theory. Dillman notes that researchers should offer a variety of “rewards” in

exchange for participation, that they should:

. Act in an open, positive, and personal manner;

. Explain the social value of the study, e.g., how results may be used to resolve issues by
describing how results will be brought to the attention of someone who has the power to
act on the issues;

. Advertise study sponsorship so that respondents feel they are contributing to their

profession, an important cause, etc.;
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. Express verbal appreciation;

. Emphasize the importance of respondents' answers, allowing open-ended questions so
that they express themselves more completely;

. Make the questionpaire interesting (e.g., place general questions first, demographic
questions last);

. Offer to send respondents a copy of study results;

. Make the survey clear, concise, and simple in language and format;
. Produce visually attractive questionnaires;

° Eliminate questions that are too personal or embarrassing; and

J Eliminate any direct costs to respondents, such as postage.

Each of these guidelines was followed in preparing this study's mail survey and cover letter.
Specific and practical guidelines for the design and development of questionnaire items
are described by Dillman (1978), Whitney and Brandenburg (1974), Fowler (1984), and the U. S.
General Accounting Office (1986). Techniques are described for improving the reliability and
validity of questionnaire items in a number of areas. A variety of question formats (e.g., open-
ended, matrix, multiple choice, ranking, rating, and intensity scale) are described, and their
appropriateness in different situations is explained. The need to avoid questions that are
irrelevant to study goals or respondents’ activities, too difficult to answer, ambiguous, or
threatening is emphasized, and examples of "good"” and "bad" questions are presented and
explained. Techniques to improve the clarity of question wording are offered and
recommendations are made to minimize bias, memory, and measurement errors. These sources
were used extensively in the design of this study's national mail survey, which is described

below in Section 3.3.5.
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Many of the specific applications of the techniques described in these sources were used
in this study. Definitions and examples of key terms were provided. Questions were revised
throughout the course of the study to improve their clarity, reduce “leading” formulations, use
terms familiar to people in the aerospace, and eliminate threatening questions. Critical
incident techniques (described in more detail below) were used to minimize memory error.
Cognitive difficulty was reduced by asking individuals to report only on their own personal
experiences and opinions. Finally, open-ended questions allowed respondents the opportunity
to elaborate on their responses or raise important topics not addressed in other survey questions.

Reliability and validity issues must also be addressed in the collection and analysis of
interview data. Qualitative interviews used in the study served a number of purposes. They
were used to gain a general familiarity with the population of interest; to explore the range of
aerospace engineers' perceptions and activities related to work tasks, communication activities,
network use, factors associated with network use, and network impacts; to generate user-
generated descriptions of these phenomena that could be compared to reports in the literature;
to pretest a number of questions tentatively planned for the national mail survey; and to
provide qualitative data, i.e., open-ended responses and anecdotal reports, to complement the
mail survey results.

The nature and purpose of research interviewing are discussed in Babbie (1989), Brenner
(1985), Kahn and Cannell (1957), Kerlinger (1986), Kirk and Miller (1986), Patton (1990), and
Payne (1951). Although Babbie (1989) and Kerlinger (1986) offer some useful advice, the
methods they described were less qualitative and, thus, less appropriate than those discussed
in, for example, Patton (1990) and Kirk and Miller (1986). These authors offer useful techniques
for improving the reliability and validity of qualitative interviews. This study used the
interview guide approach described by Patton (1990, p. 284), which called for the preparation
of a list of questions and issues to be explored during the course of the interview (see Section

3.3.4.2 for a more complete description of the instruments and procedures followed in this
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study’s primary interviews). The exact sequence and wording of questions is decided as the
interview progresses, allowing for flexibility in suiting questions to the particular experiences
and characteristics of specific individuals. As Patton notes, this approach helps ensure that
interviews are conducted systematically, but also allows for conversational interviews that
have a good situational base. Because exactly the same questions are not asked in exactly the
same way of each respondent, however, interview results will not be strictly comparable across
all subjects.

There is general agreement in these sources about the potential pitfalls to be avoided,
as much as possible, when striving to obtain valid results in qualitative interviewing. Many of
these are similar, of course, to the pitfalls confronted in questionnaire design. The basic
principle of qualitative interviewing is to query subjects about their own experiences and
perceptions, in a nonjudgmental manner, ﬁsing their own terms and frames of reference. These
sources recommend that the interviewer aim for neutrality in question format and content,
while at the same time establishing a sense of rapport with the person being interviewed. In
this study, interviews began with the questions that were least threatening and, perhaps, most
interesting to subjects, i.e., those that asked for descriptions of work tasks and communication
activities. The literature also describes techniques for probing, or asking follow-up questions to
increase the richness of responses obtained and make sure that the response is fully understood.
Patton discusses the problem with asking "Why?" questions, which assume rationality and
cause and effect relationships and can lead respondents to provide "rational” as opposed to
valid answers. Care was taken to avoid this question format in the study's interviewing.
Other techniques were also used to increase the validity of the responses. Subjects were
encouraged during the interviews to raise topics and issues of particular interest to them and to
ask for (or offer their own) clarification of questions. Permission statements suggesting that all
kinds of responses to interview questions were considered acceptable to the researcher were used

to encourage respondents to be honest and complete in their answers.
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The literature also discusses the importance of, and presented proper methods for,
recording interview data in written form. In this study, responses were recorded as close to
verbatim as time allowed, with verbatim responses enclosed in quotation marks. Interviewer
reactions to each setting and interviewee were recorded as soon as possible after each
interview, and were written either on separate sheets of paper, or in a different color pen, so
that interviewee responses and interviewer reactions would not be confounded at a later point in
time. Appropriate informal content analysis techniques, as described in these and other sources
(e.g., Weber, 1990) were then applied to data collected in the study's interviews (see Section
3.3.4.2.3 below for a description of the specific procedures employed in analyzing this study’s

interview data).

3.2.7. Summary

This section provided an overview of the study's research design and methodology.
The study's research questions were discussed, with variables of interest identified and
defined. The type of data to be collected was described and the study's emphasis on
qualitative data was explained. The four major data collection activities pursued in this study
were outlined: initial site visits/interviews, telephone survey, primary site visits/interviews,
and national mail survey. Important features of the study--its collection of cross-
organizational data on the use of a wide range of networks, its inclusion of both network users
and nonusers, and the cumulative nature of the data collection activities in order to enhance the
validity and user-based perspective of results—were emphasized. The selection of subscribers
to the SAE publication Aerospace Engineering as the study's sample frame was justified and
procedures involved in drawing a sample were explained. Issues related to obtaining reliable
and valid results were identified and the manner in which such issues were addressed in the

study was described.
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The next section presents, in greater detail, the methodology associated with each of the

study’s data collection activities.

3.3 Data Collection Activities
33.1. Introduction

This study is comprised of four data collection activities: (1) initial site
visits/interviews, (2) a national telephone survey, (3) primary site visits/interviews, and (4) a
national mail survey. The first three activities are considered preliminary, in that their
results were used mainly for methodological reasons, i.e., to gain familiarity with the
population of interest, to more precisely frame the study's research questions, to acquire a better
understanding of the nature of the sample frame, and to improve the reliability and validity of
the final mail questionnaire through an increased knowledge of how to design questionnaire
items that would be comprehensible and of interest to potential respondents.
This section describes each of the study's data collection activities in turn, detailing their

objectives, procedures, and contribution to the study.

3.3.2. Initial Site Visits/Interviews
3.3.2.1 Initial Site Visit/Interview Objectives

Preliminary site visits were conducted in June 1991 at several locations employing
aerospace engineers. The objective of these visits was to become acquainted with the work
environment, the work and communication activities, and the vocabulary of the aerospace
engineering community. The initial site visits allowed the identification and preliminary
development of user-based descriptions of work tasks, network uses, communication activities,
and network impacts. These descriptions were compared to descriptions appearing in the
literature and in earlier surveys and were used to refine study goals and questions and develop
the subsequent telephone survey.
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3.3.2.2. Initial Site Visit/Interview Procedures

The initial site visits were extremely exploratory. They began with one group
interview with several aerospace engineering faculty on one university campus, who were then
asked to identify other sites in the local area that employed aerospace engineers and to
participate, themselves, in follow-up individual interviews. All potential participants were
telephoned and after the study was described, they were asked whether they would be willing
to participate in interviews that would focus on their use of computer networks and the nature
of their work and communication activities. As a result, interviews were conducted with
thirteen aerospace engineers who represented a variety of aerospace subfields and employment
settiﬁgs. Four were employed in a large industrial R&D center; five worked in academia, but
also had experience working on Federal or private sector projects; two were employed by a
small not-for-profit corporation; and two were the heads of their own small consulting firms.
Most of the engineers were involved in the earlier stages of the engineering lifecycle process,
i.e.,, research and development; five noted that management was one of their primary duties.

The content of the initial site visits/interviews was purposely left quite open.
Interviewees were asked about the field of aerospace, in order to get a sense of how aerospace
engineers themselves would categorize subdisciplines and job types, and how they would
describe the major stages in a model of the product development process (which is one way of
describing engineering work). During the first site visit, a small group of engineers tried to
articulate and model this high-level process. This seemed to be a somewhat difficult exercise,
probably because they were forced to agree on level of description and terminology. Further,
they were being asked to describe the entire process, when most individuals had personal
experience with only some of the stages represented in the model. In subsequent sessions,
individuals were asked to name, model, and describe only those work stages in which they

were personally involved.
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To move to a more specific discussion of work, individuals were also asked to describe
the particular tasks associated with the major product development stages which they
personally performed. This led to a discussion of communication activities and partners
associated with particular tasks. Also discussed was their use of computer networks, in terms of
both types of networks used and reasons for use. Interviewees were also asked for their opinions
about factors affecting their use of networks. Notes were taken during the interviews, during
which an effort was made to capture the exact terms and phrases used by interviewees. At the
conclusion of the interviews, the notes were reviewed and lists were compiled of the responses
related to constructs of interest to the study: aerospace subfields, nature of primary duties,
types of networks and network applications, network uses, modes or channels of communication,

communication partners, and factors affecting network use.

3.3.2.3. Use of Initial Site Visit/Interview Results

The initial site visits/interviews were devoted primarily to a discussion of the
relationship between work activities and communication patterns. These discussions were
useful because they provided user-based descriptions of work and comrmunication activities.
The researcher received first-hand reports of "what engineers do" that corroborated and
extended descriptions in the literature. Those engineers interviewed noted a wide variety of
work tasks, from searching for funding opportunities, to proposal writing, to experimentation,
analysis, and report-writing. They also spoke of the need to get ideas, solve problems, locate
resources, and negotiate with others.

Participants were asked to describe their communication activities during various work
tasks in terms of the identity of communication partners, and why and how they communicated
with these partners. This discussion was not limited to the use of networks because its purpose
was to help the researcher begin to understand the nature of engineering communication in its

entirety. A wide range of communication partners (e.g., colleagues, people in other
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departments, vendors, customers, students, programmers, consultants, clients, friends,
secretaries, foreign visitors), communication modes (e.g., technical literature, telephone, fax,
grapevine, memos, meetings, hallway chats, "chalk talk," videoconferencing, letters, visits,
and seminars), and computer network uses (e.g., to ship design data, solve technical problems,
set up meetings, submit proposals, search online databases, provide client service and support,
conduct casual discussions, and coordinate work) was articulated. These matched reports in the
literature, although they encompassed a wider range of phenomena than what typically
appeared in published reports.

Interviewees also provided interesting anecdotes and raised a number of issues related
to factors that affected the use of electronic networks by themselves and their colleagues.
Several people noted the proprietary nature of their work, the negative attitudes (or perceived
negative attitudes) of managers, the diffiéulty of training, and the fact that only certain work
tasks were computerized. Other factors mentioned included organizational inertia, lack of
awareness of and familiarity with network tools and resources, the high bandwidth needed for
transmitting the amount of data often created in aerospace work, the large capital investment
initially required, and the need for high levels of network security.

The initial site visits/interviews provided data useful for the development of user-
based classification schemes for many of the phenomena of interest in this study, such as work
tasks and activities, network uses, communication partners and functions, and factors related to
network use. Acquiring these data was the first step toward ensuring that items on the final
mail survey questionnaire would be relevant to, and phrased in terminology appropriate to,
aerospace engineers. The initial site visits/interviews also served other functions. They
revealed that most aerospace engineers discuss their work and communication openly and with
interest and seemed to understand and appreciate the objectives of this study. This augured

well for the response rate and validity of subsequent data collection activities. Engineers also
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seemed able to articulate communication activities as a function of work tasks. In fact, it
seemed natural for them to do so.

The initial site visits/interviews also suggested that choosing appropriate analytical
frameworks for describing engineering work would be difficult. Standard means include job
category (e.g., engineer, manager), engineering subfield (e.g., aerospace, mechanical, civil), and
stage of the product development process (e.g., research, development, mainline engineering,
manufacturing and production, service and maintenance, sales and marketing). The literature
and site visits failed to provide consistent and unambiguous categorizations of engineering work
and the product development process.

These initial discussions also made it clear that identifying and describing network
impacts in a way that is meaningful to aerospace engineers, especially given the diversity of
their work environments, would be problematic. The literature contains a number of schema
related to network impacts, all valid given particular situations, settings, and stimuli. These,
however, do not appear to be entirely applicable to the work and situations of aerospace
engineers. Thus, an important objective of the subsequent telephone survey and primary site
visits/interviews was to advance the development of descriptive schema related to the major
phenomena of interest in the study, including work tasks, communication activities, and

network impacts.

3.3.3. Telephone Survey
3.3.3.1. Telephone Survey Objectives

A national telephone survey of a randomly drawn subset of the original sample of 1,200
subscribers (created in April 1991) to the SAE weekly magazine called Aerospace Engineering
was also conducted as a preliminary data collection activity. The telephone survey was
conducted by the Center for Survey Research (CSR) at Indiana University in order to collect
data for the NASA/DoD Aerospace Knowledge Diffusion Project, of which this study
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comprises only one part. The Project undertook the SAE telephone survey in order to gather
data on the daily work activities of aerospace engineers and on various practices used by
aerospace engineers to obtain scientific and technical information. It was agreed that a small
set of questions asking aerospace engineers about their use of electronic networks--which this
study’s researcher designed—could be added to those questions already planned by other Project
staff. Telephone survey questions on the daily work activities of engineers that were designed
by Project staff, of course, were of interest to this study as well.

The telephone survey was an important part of this study because it provided a
description of the characteristics of respondents, so that implications of using the SAE sample
could be identified and described, and adjustments made to the sample frame, if necessary. A
second purpose was to extend the user-based schema for work tasks, communication activities,
and network uses that were developed as a result of reviewing the literature, examining the
two cursory surveys of network use among members of the AIAA (Pinelli, 1991b) and SAE
(Society of Automotive Engineers, 1991), and conducting the initial site visits/interviews. The
telephone survey was also used to test whether proposed definitions of network applications
would be understandable to aerospace engineers. Because of the limited space allowed by the
Project for the additional set of questions on computer-mediated communication, not all
phenomena of interest to this study could be explored in the telephone survey. It was decided to
leave the investigation of networking impacts and factors affecting use, about which less was
generally known, for the subsequent primary site visits/interviews. The more open and in-
depth nature of those interviews would allow for a deeper and more exploratory discussion of

those topics than was possible in the telephone survey.

3.3.3.2. Telephone Survey Procedures
The aim of the telephone survey was to test question formats and collect preliminary

descriptive data related to respondent characteristics, nature of engineering work, and network
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use by aerospace engineers. Respondents were asked to characterize themselves as either

"scientist,” "engineer,” "manager,” or "other”; they characterized their work as "basic

research,” "applied research,” process or product development,” "manufacturing,”

" "

"production,” "service or maintenance," "sales or marketing," or "other.” Other questions asked
respondents to identify the type of organization in which they were employed and to report
the number of years of their professional aerospace work experience and the highest

educational level they had obtained. An open question asked respondents to describe their
current work activities.

The questions on network use asked about:

Network availability and frequency of use;
Use of particular network functions;

Types of communication partners; and
Purpose of electronic communication.

Most of the questions on computer networking required only "yes/no" answers, selection from a
list of pre-coded answers (such as, for the question on frequency of network use, "never,” "once a
month or less,” several times a month,” "several times a week," or "daily"), or the supply of a
specific number (such as "approximate percent of past work week spent using networks"). Only
the question on purpose of electronic communication invited a completely open-ended response.
Data collection for the SAE telephone survey began on August 14, 1991 and ended on
August 26, 1991. Pretests of the survey were conducted on August 7, 8 and 12, 1991 with a small
subset of individuals in the sample. After discussing with the CSR Director the conduct and
outcomes of each round of pretesting, the researcher made minor revisions to the set of
networking questions in order to improve question clarity and reduce the total amount of time
needed to complete the telephone interview. Data were collected using the University of

California Computer Assisted Survey Methods software (CASES). This software prompts
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interviewers with survey questions and instructions, automates skip procedures, and allows
them to enter data directly online during each interview.

The data collection staff at CSR included seven supervisors and twenty-seven
interviewers. All CSR interviewers receive at least 20 hours of training in interviewing
techniques before production interviewing. Interviewers received two hours of specific training
on the SAE telephone survey instrument and special procedures. Interviewers were instructed in
the use of neutral probes and feedback phrases. Unobtrusive audio and visual monitoring of the
interviewers was regularly conducted by the telephone survey supervisors using equipment in
place at CSR.

All telephone numbers that rang but were not answered were called at least six times
during the survey period. On the assumption that potential respondents would be unwilling or
unable to complete the telephone interview while at work, only those people who provided a
home telephone number were selected for the telephone survey sample; potential respondents
were generally contacted on evenings and weekends. The average length of the interviews was
about 15 minutes. Table 3-3 categorizes every case in the sample of 695 potential telephone
interview participants according to its final disposition. The response rate for the telephone

survey was 62%.

3.3.3.3. Use of Telephone Survey Results

Because of the limited intended use of the telephone survey results for this study, only
simple descriptive summaries of the data and a few cross tabulations (selected by the
researcher) were produced by CSR staff. A listing of all open-ended responses was also
supplied. These responses had been recorded verbatim by interviewers, who read the responses

back to the interviewees, to check their accuracy.
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. . Table 3-3.
Disposition of Telephone Survey Responses

Number Disposition

of Cases

430 Completed interviews
48 Refused to be interviewed
28 Persistently unavailable for interviewing
45 Away during survey period

Inaccessible - not available for interviewing
lliness, disability, language problems

31 Contacted household, but respondent not living there
7 Group quarters/business phone

31 Non-working numbers

36 Phone rang/never answered after at least 6 attempts
32 Answering machines

The SAE phone survey results were useful in a number of ways. One important use was
that they helped identify the characteristics of the sample frame, so that its
representativeness in relation to the population described by NSF statistics (1987) could be
assessed. Phone survey respondents identified themselves according to their basic work
functions and activities (see Table 3-4). Although the categories are not strictly comparable,
they su‘ggest that the SAE sample is similar to the larger population of aerospace engineers as
described by the NSF statistics, in terms of job types.

As shown in Table 3-5, the data on the educational background and employment sector
of sample subjects are more strictly comparable to NSF data. These results indicate that
subjects in this study’s sample are very similar to the larger population of aerospace engineers.

They also helped in estimating the size of data groupings associated with demographic
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Table 3-4.
Work Characteristics of Telephone Su rvey Respondents,
Compared to NSF Dat

TELEPHONE SURVEY RESPONDENTS

Basic Job Fundti % of B .
Engineer 66

Manager 23 (but 95% of these closer to engineer than scientist)
Scientist 2

Other 8

Pr K activi

Basic or applied research 14

Process or product development 63

Manutfacturing or production 14

Service or maintenance 2

Sales or marketing 3

Other 7

NSF 1986 FIGURES FOR AEROSPACE ENGINEERS

Basic and applied research 9
Development 37
Management (R&D and other) 28
Production/inspection 10
Service 2
Sales 1
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Table_3-5.
Education and Employment Sector of Telephone Survey
Respondents, Compared to NSF Data

Telephone Survey NSF 1986 Data

Educational

Background

Bachelors or less 60 64
Masters 35 28
Ph.D. or more 4 7
Employment

Sector

Industry 86 73
Govemment 12 16
Academic/Cther 3 6

* 4% in 1988 figures; no Masters or Bachelors statistics are given in 1988 source, however.

variables that are likely to be obtained the mail survey; given evidence from the telephone
survey, the subsequent sample drawn from the SAE database was stratified in an attempt to
reach a greater proportion of academic and government representatives. Further, these results
also point out variations in the ways that different research and professional organizations
have described aerospace engineering work and the difficulty of comparing and interpreting
these different terms.

Respondents’ open-ended descriptions of their work activities were not formally
analyzed. A review of these responses corroborated the diversity of activities performed by
aerospace engineers described in the literature and by engineers participating in this study’s
initial interviews. Responses ranged from the general to the very specific (e.g., "management”
vs. "completed an employee evaluation form"”) and included a number of descriptions of

communication-oriented activities (e.g., "scanned the literature,” "negotiated with clients”).
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These results suggested that it would be difficult to come up with user-based descriptions of
work and communication activities for the mail survey that would be all-encompassing,
mutually exclusive, and at the same level of specificity. It was decided to ask for open-ended
descriptions of work and communications activities in this study's primary site
visits/interviews and then to compare interview with phone survey results (since the
interviews would necessarily be restricted to a much smaller and less diverse group of
participants) to make sure that no major types of work or communication activities would be
excluded from the mail survey.

The network use data collected in the telephone survey revealed that the majority of
aerdspace engineers have access to and use electronic networks, for a variety of functions. Table
3-6 presents the telephone survey’s networking questions (labelled CMC 1-8), along with a
simple descriptive summary of results. In general, telephone survey results paint a picture of
widespread use of electronic networks. The majority of respondents (83%) reported that
networks were accessible to them in the workplace. Further, 71% of respondents who used
computer networks indicated that they had network access to people at remote sites, i.e., across
town or around the world. Of those respondents with access to networks, a full 44% indicated
that they used them on a daily basis, and only 7% reported that they never used networks. The
remainder of the responses were fairly evenly distributed between perceived use of "once a
month or less,” "several times a month,” and "several times a week.” In describing intensity of
network use—as opposed to frequency—the most common response (32%) was that networks were
used during 10-24% of the past work week; 13 percent of respondents, however, indicated that
at least 50% of the past work week was spent using networks.

In describing their use of particular network functions, close to 80% of network users
reported use of electronic mail, file transfer, and information or data retrieval related to
commercial or in-house databases. About 50% used one-to-many electronic communication

mechanisms, such as bulletin boards, newsletters or conferencing systems, and 55% used networks
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Table 3-6.

Telephone Survey Questions and Resultsa

CMC 1: The next few questions deal with the use of electronic networks for such things
as electronic mail, the control of remote equipment, and on-line information
searching. We are interested in how the use of networks affects people's work.

At your workplace, do you have access to electronic networks?

Response ]
Yes 273
No 56
Don't know/Refused to answer 4
TOTAL 329
CcMC 2: About how often do you use networks? Would you say:
Response o
Never 20
Once a month or less 43
Several times a month 49
Several times a week 40
Daily 120
Network not accessible 60
Don't know/Refused to answer 1
TOTAL 272

Percent
(183

(17)
(100)

(7
(16)
(18)
( 15)
( 44)

(100)

2 N = 430. Base for each question varies. The 97 respondents who, in an earlier section of the survey,
characterized their work as something other than “aerospace-related” were excluded from the all networking
questions. Also excluded from the total base number of respondents for each question were those who gave
“Don’t know” as their response, or who refused to answer. All figures are rounded up to the nearest whole

percent,
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Table 3-6 (Cont'd).
Telephone Survey Questions and Results

CMC 2a: Do you use a network that allows you to connect to geographically distant sites,
which could be across town or around the world?

Response n Percent

Yes 179 (71)

No 72 ( 29)

Network not accessible or never use networks 81

Don't know/Refused to answer 1

TOTAL 251 (100)

CMC 3: Now I'm going to list some functions that networks provide. Please tell me which

you use, even if you don't use them often.

3a) Do you use electronic mail?

Response n Bercent
Yes 196 ( 78)
No 55 ( 22)
Network not accessible or never use networks 81

Don't know/Refused to answer 1

TOTAL 251 (100)

3b) Do you use electronic bulletin boards or conferences?

Response a Percent
Yes 124 ( 50)
No 126 ( 50)
Network not accessible or never use networks 81

Don't know/Refused to answer 2

TOTAL 250 (100)
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Table 3-6 (Cont’'d).
Telephone Survey Questions and Results

3c) Do you use networks for file transters?

Response n Percent
Yes 197 ( 78)
No 55 (22)
Network not accessible or never use networks 81

Don't know/Refused to answer 0

TOTAL 252 (100)

3d) Do you use networks to log into remote computers for such things as
computational analysis or the use of design tools?

Besponse n Percent
Yes 139 ( 55)
No 112 ( 45)
Network not accessible or never use networks 81

Don't know/Refused to answer 1

TOTAL 251 (100)

3e) Do you use networks to control remote equipment such as laboratory
instruments or machine tools?

Response n Percent
Yes 41 ( 16)
No 211 ( 84)
Network not accessible or never use networks 81

Don’t know/Refused to answer 0

TOTAL 252 (100)
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Table 3-6 (Cont’d).
Telephone Survey Questions and Results

3f) Do you use networks for information searching or data retrieval?

Response 1] Percent

Yes 192 ( 76)

No 60 ( 24)

Network not accessible or never use networks 81

Don’t know/Refused to answer 0

TOTAL 252 (100)

CMC 4: 4a) Many people use electronic networks to communicate with other people. Do
you exchange electronic messages or files with members of your work group?

Response n Percent

Yes 183 { 76)

No 57 ( 24)

Network not accessible or never use networks 81

Don't use electronic mail, bulletin boards, or file transfer 12

Don't know/Refused to answer 0

TOTAL 240 (100)

4b) Do you exchange electronic messages or files with other people in your
organization who are not in your work group?

Besponse n Percent
Yes 182 ( 76)
No ' 58 ( 24)
Network not accessibie or never use networks 81

Don't use electronic mail, bulletin boards, or file transfer 12

Don't know/Refused to answer 0

TOTAL 240 (100)
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Table 3-6 (Cont’d).
Telephone Survey Questions and Results

4c) Do you exchange electronic messages or files with people outside your

organization?
Besponse n Percent
Yes 120 ( 50)
No 118 ( 50)
Network not accessible, never use networks, no remote access 82
Don't use electronic mail, bulletin boards, or file transfer 12
Don't know/Refused to answer 1
TOTAL 238 (100)
CMC s: People can use electronic messages for many purposes, for example, to keep in

touch with friends, to schedule meetings, and to ask technical questions, among
other things. If you think about the last several messages you sent or received,
how wouid you describe their functions?

[240 respondents supplied an answer to this question]

CMC 6: About what percentage of the last work week was spent using networks for any
purpose at all?

BResponse n Percent

None 14 ( 8)

1-4% 22 (13)

5-9% 46 (27)

10-24% 55 (32)

25-49% 12 (7

50-74% 16 (9

75% or more 7 ( 4

Don't know 1

Network not accessible or no reported use of networks 257

TOTAL 172 (100)
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for remote login to other computer systems. Only 16% reported use of electronic networks for
the remote control of experimental or manufacturing devices.

Other survey questions explored the nature of network communication. About two
thirds of those respondents who used electronic mail, bulletin boards, or file transfer reported
that they communicated electronically with people in their work group or with others in their
organization; fully half responded that they used networks to communicate with people
outside their own organiza.tion. Finally, respondents were asked to recall and report the
purpose of a recent electronic exchange (see Table 3-7). The majority of reported exchanges were
related to what might be termed "technical” communication. Somewhat fewer examples of
"administrative” exchanges were noted and substantially fewer respondents reported a recent
exchange as being what might be called "social” in nature. These responses were used to help
design user-based questions and response categories related to network use for the final mail
survey.

The telephone survey data revealed relatively little variation in network access and
use according to whether the respondents identified themselves as “scientists,” “managers,”or
“engineers.” Managers reported slightly greater access to networks, engineers were the least
frequent users, and scientists and engineers reported the most intense use. (Note: only five
respondents classified themselves as “scientists.”).  These data suggest that if network use
varies by the nature of the work one performs, more specific ways of describing that work (such
as by specific work tasks) would have to be used in order to reveal the variations.

The telephone survey data also suggest that a small but significant portion of aerospace
engineers do not use networks at all; this helps anticipate the size of various data groupings
(e.g., users vs. nonusers) and subgroupings that will be obtained in the mail survey and that will
be important in the analysis of the survey results. The mail survey sample size will have to be
large enough to obtain enough nonuser respondents for the desired analyses. These data on

network use can be used to triangulate study results by comparing them to results obtained in the
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_ Table 3-7.
Telephone Survey Findings on Purpose of Electronic

Communicationa
Communication Functlion Number of Respondents Citing
that Function
Technical 155

(e.g., send data, ask technical questions, obtain
specifications, solve technical problems, forward designs)

Administrative 103
{(e.g., announce meetings, distribute status updates,
announce policy decisions, schedule work)

General Information Exchange 38
(e.g., relay information, share information, get company
news) ‘

Social 20

{e.g., keep in touch with friends and colleagues, send
personal messages)

a Of 430 survey respondents, 240 supplied an answer to the open guestion on purpose of electronic
communication. In all, 417 purposes were elicited; some answers described more than one purpose.

mail survey, thus suggesting the degree of reliability obtained in the mail survey.

The telephone survey data on network use can be used to triangulate study results by
comparing them to results obtained in the mail survey, thus suggesting the degree of reliability
obtained in the mail survey. Finally, the several rounds of pretesting and adjusting telephone
survey questions also suggested improvements for wording questions about network use on the
mail survey so that survey questions would less ambiguous to aerospace engineers, leading to

greater overall validity of mail survey results .
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3.3.4. Primary Site Visits/Interviews
3.34.1. Primary Site Visit/Interview Objectives

The major purpose of the primary site visits/interviews was to gather extensive user-
based descriptions of the major phenomena of interest in this study: aerospace engineering work
tasks and communication activities, network use, factors affecting network use, and network
impacts. These descriptions were compared to similar findings in the literature and used to
develop mail survey questions with a theoretical basis as well as validity within the context
of aerospace engineering work. The interviews were also used to improve the clarity of mail
survey questions and generate response categories for them. Interview results complement the
mail survey results because the interviews allowed subjects to give more open-ended responses to

questions and relate relevant anecdotes.

3.3.4.2. Primary Site Visit/Interview Procedures
3.3.4.2.1. Contacting Participants

A list of potential interview subjects was drawn from the initial SAE sample.
Potential subjects were selected on the basis of geographic location and represented R&D and
other aerospace engineering facilities located in upstate New York and Connecticut. An
attempt was made to select from this list of potential interview subjects a subset which
represented a wide range of job types, organization types and sizes, and engineering subfields.
If the organizations selected were represented by only a few people on the list, the first subjects
contacted were asked to identify colleagues who might be interested in participating in the
interviews. A primary assumption of the study, and one that has been articulated by Taylor
(1991), is that people engaged in particular kinds of work will exhibit similar information and
communication behavior based on shared work norms, activities, and environment. Thus, it did
not appear that interviewing some aerospace engineers who did not subscribe to SAE’s

Aerospace Engineering (i.e., did not appear in the SAE database) would distort interview
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results. The SAE database is used as the study's sample frame because it offers an efficient.tool
for the identification of a broad range of aerospace engineers, and it is used only under the
assumption that journal subscribers are similar in work and communication activities to
nonsubscribers.

Interviews were conducted with 31 aerospace engineers in ten different organizations
(including two pretest and 29 actual interviews). Interview subjects were not limited to only
those people who used electronic networks. Of the twenty-nine interview participants,
fourteen came from the SAE database, while fifteen did not, having been selected after initial
contact had been made at the organization. The ten organizations participating in the
interviews offer substantial variety in terms of size, ranging from about 50 employees to over
100,000. The primary aerospace products they develop include sonar systems, radar systems,
electronic warfare systems, aircraft simulators, rocket engine control valves, flight control
actuation devices, propulsion components for satellites, land-based power transmission
couplings, propeller systems, fuel controls, environmental control systems, space station
materials, jet engines, helicopters, manufacturing systems, and design and testing systems.

Nine interview participants reported that they functioned primarily as a manager; 20
reported that their primary function was as an engineer. In terms of the work of the
organizational unit in which they were employed, fifteen participants were employed in
either applied research or development, ten worked in engineering, three in manufacturing and

production, and one in information processing and systems.

3.3.4.2.2. Primary Site Visit/Interview Activities

Interviews were conducted at each organizational site, between August 29 and
September 24, 1991. Potential interview subjects were contacted initially by telephone. During
the initial conversation, the purpose of the research and the interviews was explained. Only
one potential interview subject declined to be interviewed, although a number of people had to
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check with their superiors and/or with security staff before committing to the interviews.
Subjects were subsequently sent a copy of the study abstract and a brief description of the nature
of the scheduled interview. Interview activities were pretested with two subjects in order to
determine the time required to complete them and to assess which activities were least fruitful
in terms of eliciting relevant responses, in case it became necessary to drop some activities due to
time constraints. The length of the interviews varied from one to one and a half hours. The

interviews included four major activities (see Appendix A for a set of the interview

instruments):

* . Completion of the Job Tasks and Activiti rksheet, which elicited user-based
descriptions of work tasks, communication activities, and network use; the worksheet
was supplemented by open-ended questions on the nature of work and nature of the
organization.

. Analysis of three communication incidents, using the Message Analysis Worksheet;

subjects reported message purpose, channel used, partner characteristics, and why a
particular channel was chosen in that particular situation.

. Open-ended questions on: networking impacts on work and communication at the
individual and organizational levels; and factors that affect network use.

. Completion of the Interview Questionnaire on network use and background work
characteristics.

Not all interview activities were completed with each subject, occasionally due to lack of time.
In some cases, individuals with unique perspectives (e.g., primary responsibility for
implementing networked systems or a recent job change from a highly networked to a minimally
networked environment) were encouraged to spend most of the interview discussing their unique
experiences.

An advantage of conducting the interviews onsite was that the researcher had the
opportunity to view participants in their natural work environment. Interviewees could also
demonstrate their network system or various work artifacts. The researcher was able to

experience firsthand the nature of each work environment; thus, various attributes presented
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themselves as potentially significant factors in network use. For example, the high degree of
security at one site was made dramatically clear when one interviewee pointed out how ankle
bands were worn by some employees so that their movements could be traced at all times. In
another setting, it was obvious that the physical layout--an open shop floor—-eliminated much
of the need for e-mail communication with immediate colleagues. ‘See,’ the interviewee
exclaimed, ‘everybody I need to talk to in my work is easily visible... when I need to talk to
someone, I just look to see if they’re around before walking over to their desk.’ In a number of
cases, the researcher was given a tour of the site so that the nature of the work done there could
be apprehended in its entirety.

Each interview began by reviewing the nature and purpose of this study and describing
the particular role of the interviews within that context. The four interview activities were
then briefly described and key terms were defined, e.g., “computer networks” were defined as
telecommunications links among computers or between computers and other devices, with
examples including local area networks, linked workstations, company networks, and the
Internet. All interviewees were encouraged to be completely candid in their comments because
of the study’s intention to focus on networking from the user’s point of view, to uncover problems
as well as benefits, and to obtain opinions from a broad range of people, including those who did
not use networks at all. Throughout the interviews, respondents were encouraged to comment on
interview instruments and procedures and to digress from them if topics and issues of concern to
them were not adequately addressed by specific interview questions.

The Job Tasks and Activities Worksheet was introduced first because it dealt with
topics that were potentially the least threatening and the most interesting to respondents, i.e.,
respondents were asked to describe their own work activities and environment. They described
first the work tasks that they performed and each task description was written by the
researcher in one of the boxes that made up the “Work Tasks” column in the center of the

worksheet (see Appendix A). A number of people described tasks in some kind of logical
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sequence--e.g., going through the steps that they completed in order to develop some final
product-—-while others simply noted a set of basic work activities, more along the lines of the
kinds of things they did each day. Next, subjects were asked to look at each recorded task and
identify the people they typically communicated with and the tools, devices, or information
sources they typically used to complete each task. These were recorded in the boxes that made
up, respectively, the worksheet's two outside columns on communication partners and work
resources. Lines were added and labeled, as appropriate, to link specific tasks to their
associated human and other resources.

With one interviewee (subject number S8), for example, the task “come up with
conceptual approaches for simulating avionics” was linked to “software designers” with a line
labeled “get their recommended best alternative”; to “customers” with a line labeled “find out
what specific training features they want”; and to “upper management” with a line labeled
“get costs.” That same task box was linked to a resource box called “standard library of
previous simulation approaches” with a line labeled “how done in past?” After all tasks,
partners, and resources were elicited and recorded by the researcher, interviewees were asked
which (if any) of the lines represented links made with computer networks, and to what extent.
Any comments that came up during the entire process that were related to the nature of the
interviewee’s work or organization were recorded in the bottom corners of the worksheet; if no
unprompted comments were made, these topics were explicitly raised by the researcher.

The next interview activity was the analysis of up to three “communication incidents,”
using the Message Analysis Worksheet (see Appendix A), which was completed by the
researcher. Interviewees selected and discussed a recent message, identifying its general type
(technical, administrative, social, or other), which channel was used (from among several
subcategories of computer-mediated, telephone, face-to-face, or written communication
channels), and whether the message was sent or received. They then described the specific

substance or content of the message, the task context of the message, and the basic utility of the
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message. The next step was to identify their communication partner’s job, organizational
location, spatial location, and how well that person was known. Similar questions were used by
Feldman (1987) to explore relationships between the use of electronic mail and communication
partner characteristics. Finally, interviewees discussed the circumstances that led to the use of
a particular channel in the particular situation being described.

Following on the previous example, S8 described a communication incident initiated by
a colleague in his department in an informal face-to-face conversation that occurred in the
interviewee’s office and that was related to the task of conceptualizing a simulation approach.
The colleague wanted advice on how to go about providing the display system for a newly-
defined training requirement. The subject identified problems associated with the different
display options, gave his colleague the names of other people to contact, and resolved to follow
up later to see how a decision was reached. In describing why face-to-face communication was
used, the subject said that it was the quickest way to convey the needed information, that it
- was easiest since his colleague’s office was only 100 feet away, that his colleague brought a
copy of the proposal so that they could examine relevant block diagrams, and that a formal
meeting was not required since they were at an early stage of the process.

The next segment of the interviews involved the introduction of Open-ended Interview
Questions on computer networking (see Appendix A). Respondents were asked to describe the
positive and negative effects that computer networks were having on their work and on the
way they communicated; their responses were recorded on the worksheet by the researcher. To
elicit work-related factors associated with network use, interviewees were asked “What is
there about you, your work, or your organization that might lead you to use networks?” and,
similarly, “What is there about you, your work, or your organization that might limit your use
of networks?” To give respondents one more chance to raise new issues and topics of their own

choice, they were asked “Are there any other comments about networks or this study that you
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would like to make? Is there anything you feel is important to my understanding of the impact
of computer networks on aerospace work and communication that hasn’t come up yet?”

Interviewees—whether network users or nonusers, novices or experts—seemed to have
little difficulty responding to these direct questions about network use factors and effects and, in
fact, seemed to welcome the opportunity to carry on a general discussion of these topics. They
raised both positive and negative points and spoke about current problems with, and future
directions for, networking. Comments were not always directly related to the specific question
posed (e.g., subjects sometimes discussed networking effects when asked about factors affecting
use, or mentioned communication impacts when asked about work impacts), but the comments
were nonetheless relevant to the study’s research questions. While sometimes reiterating
comments made in other portions of the interview, interviewees introduced new ideas here, as
well.

Comments made by S8 in this portion of the interview provide an example of the nature
of the responses typically elicited. He said that a definite future requirement will be to
network simulators together to train pilots against each other in combat situations and that
another application that would potentially be useful for him would be if he could use, from his
office, specialized equipment that was ‘plugged in onsite.” He did not use networks much at all,
so the current impact on him personally was limited, although he knew they were a necessity
for many design engineers. He noted that other people in the company got queries about their
electronic capabilities, such as ‘Can you ship that data electronically?’ or ‘Can we e-mail?’
This interviewee felt that the biggest problem was that the technology kept changing, that
when you finally master it, it changes, and that was what discouraged him from using
networks. When probed about the sort of technology that provided this kind of difficulty, he
gave learning how to use a Macintosh personal computer as an example, so he clearly was not

talking about arcane hardware and software as the source of his problem. He noted further
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that it would take him about a week to learn how to use a Macintosh and that after that it
might increase his productivity.

In response to the queries on factors affecting network use, he said that his company
encouraged use by providiné needed equipment and training. He was worried that storms would
cause a loss of data; with networking, this could have a disastrous effect on the ability for
recovery, he felt. This subject found the idea of the Internet interesting, but he admitted that
he really hadn’t given it any thought. He concluded this portion of the interview by stressing
the importance, in his work, of real-time communication and high-speed data transfer
capabilities; thus, he felt that distributed fiber networks would be required for the aerospace
indﬁstry.

As the final interview activity, subjects were asked to complete a two-page Interview
Questionnaire, which contained matrices on the availability, use, and perceived value of
various types of networks and network applications (see Appendix A). It also required the
completion of a set of background questions related to the subject’s job and organization
characteristics. The main purposes of this questionnaire were to initiate a more specific
discussion about the use of particular types of networks and network applications and to
