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PREFACE

In the fall of 2000 the Engineering Information Foundation (EIF)
Board of Directors asked Donald W. King to advise them on possible future research directions. In a presentation to the Board, Mr.
King recommended a four-phase approach to a research agenda
regarding the communication of engineers, starting with a review
of recent literature to identify where benchmark data exist, where
there are gaps in research, and where future research would be
beneficial to the engineering communities. As a result of this recommendation, the Board awarded a research grant to Carol
Tenopir and Donald W. King to conduct a literature review and to
present recommendations for future research directions. The report to EIF was the genesis of this book. The report focused on the
literature from 1994 to the present pertaining to how engineers
communicate. This book expands that focus to include literature
from the 1960s to the present. The emphasis, however, remains
on how engineers communicate, whether communication patterns
have changed, and what might be done to improve communication
of engineers.
This book broadly defines communication as encompassing information inputs such as seeking, locating, obtaining, and using
information on the one hand and information outputs such as
ix

x
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writing and oral communications. A particular emphasis is on
how communication can be improved through education. We analyzed the literature that touches on these topics, particularly the
research literature with engineers as the subject, either wholly or
in part. We also extracted survey responses from engineers who
were observed nearly every year from 1977 to 2003. These data
provided useful insights into engineers’ communication patterns
and useful comparisons with science and other fields.
This project has been a group effort (not unlike the trend in engineering toward collaborative works). Project leaders Carol
Tenopir and Donald King were ably assisted in all aspects by
Rhyn Davies, Christine L. Ferguson, Edward Gray, and Scott
Rice, graduate students at the University of Tennessee, School of
Information Sciences. In addition, graduate students Katie Darraj, Keri-Lynn Paulson, Emily Urban, and Mercy Ebuen assisted
with occasional specific tasks. At the University of Pittsburgh,
School of Information Sciences, Sarah Aerni, Richard Daddieco,
Matt Herbison, and Gina Cecchetti also made helpful contributions.
Without the initial funding and encouragement by the Engineering Information Foundation, this project would not have been
possible. We would like to extend special thanks to the EIF
Board, including; Melvin Day; Thomas R. Buckman, President;
Anne M. Buck, Vice-President; Hans Rütimann, Secretary; John
J. Regazzi, Director; Julie A. Shimar, Director; and Ruth A.
Miller, Executive Associate. Their comments, corrections, and encouragement were essential to this book. The authors also wish
to partially dedicate this book to the memory of Anne M. Buck, a
dedicated and caring engineering librarian.
CAROL TENOPIR
DONALD W. KING
Knoxville, Tennessee
Pittsburgh, Pennsylvania
August 2003

1
INTRODUCTION

1.1

FOCUS OF THE BOOK

This book is a review and analysis of the literature and presentation of data from a series of surveys that attempts to provide insights into how engineers communicate. Much of the focus of the
book is on the professional aspects of engineers’ work, the information resources used to perform their work, and information
output from their work that is communicated to others. Many of
our studies and those of others dealt with traditional interpersonal and written communication channels. Together, these studies
provide abundant evidence of the many factors that motivate engineers to use various communication channels. However, it
seems clear that new technologies, such as the World Wide Web
and electronic publishing, are having a profound effect on engineering communication patterns. We believe that knowledge and
understanding of engineers’ motives, incentives, and reasons for
communicating in the past will help frame future communication
practices.
During the late 1980s and early 1990s, the Internet, and
specifically the World Wide Web, became popular, making electronic and digitally based products (i.e., electronic journals) not
only possible, but economically practical. By the late 1990s, electronic products became widely available and accepted by authors
Communication Patterns of Engineers. By Carol Tenopir and Donald W. King
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and readers. The Internet has dramatically increased the potential for both informal and formal communication. People have
the option of easy and immediate contact with friends and colleagues all over the world, there has been an evolution of intensive groups of engineers on the Internet with interests in materials, nanotech, electronics, and so on. They can choose which
format of many best suits their communication and information
needs and requirements. Libraries also now have the option of
choosing between print or electronic formats. Libraries and information centers exist to provide information services to their
users, so it is important to find out which formats users prefer
and how potential benefits offered by electronic resources will facilitate the research and development process and help (or hinder) engineers to do their work. Consequently, interest has increased regarding studies of and publications on scholarly
communication and information exchange processes and systems
since 1994. Many of these are directly applicable to engineers.
This book synthesizes the historical context surrounding early
studies on the communication practices of engineers and scientists; looks at various aspects of communication through scientific
and technical information (STI); examines the literature that distinguishes the information needs and uses of engineers from
those of scientists; and offers a review of significant studies and
projects that explore the communication practices of engineers.
The 1950s witnessed several excellent studies of how engineers
and scientists communicate; however, research and surveys on
the relationship between scientific activity and STI research took
off in the 1960s, largely due to funding from the U.S. federal government and governments in Europe. The 1970s and 1980s saw a
continuation of these studies, although this research slowed down
by the early 1990s. Most of these studies defined communication
broadly to include the creation of knowledge and its preparation
for dissemination, the numerous channels by which it could be
transmitted, and the assimilation and use of information the engineers received. Various meanings to the terms “information
needs,” “information seeking,” and “information use” are found in
the literature. For example, to some communication researchers
“information needs” refer to the sources of information used,
while for other researchers, “information needs” apply to the information content needed by engineers. Still others define “information needs” as the reasons for needing information.
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Five types of models were used to examine STI communication
in communication research since 1970. These models either:
1. Focus on communication during research and development
projects and tasks; or
2. Follow the flow of information between individual engineers;
or
3. Track information through its life-cycle; or
4. Examine the amount of information activity and use involved in specific work activities or by specific participants;
or
5. Measure the amount and characteristics of information flow
between various functions and participants.
It has been well documented over several decades that engineers
spend much of their time communicating. This is often done to enhance their professional performance, as there is ample evidence
of a correlation between engineers’ communication and their work
performance. However, the importance given to different types of
information (e.g., literature versus interpersonal exchange) being
communicated varies among studies. Furthermore, choices from
among information sources are often dictated by factors, such as
ease of use or cost considerations.
Many studies found that personal and interpersonal information sources are used initially by engineers and that internally
published technical reports are favored over externally published
documents. For this reason, uses of journal articles, books, and
other sources of externally published material were given less emphasis by communication researchers. Later research began to focus on the importance of journal articles and discovered that engineers in universities read scholarly articles a great deal and
engineers elsewhere read them less frequently, but value them
nevertheless. Research and engineering education also began to
focus on the importance of writing, presentation, and other communication skills.
The research on secondary sources of STI during this period
was as extensive as that on primary sources. Most of the studies
on secondary sources focused on automated bibliographic searching, with little attention on printed indexes or numeric databases.
Studies from the 1960s dealt with the quality of output from in-
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formation retrieval systems. Studies in the 1970s and 1980s of
automated bibliographic databases tended to address evaluation
or research involving system innovation and on “end-user”
searching. Library resources and librarians were shown in the literature to be “under-used” by engineers in the completion of major projects. Libraries often fill a niche in the communication
process, however, by providing for special needs, such as identifying and providing access to older or costly material.
There were many extensive reviews of engineering communication and related literature throughout this period. These include
chapters in the Annual Review of Information Science and Technology (Menzel, 1966b; Herner and Herner; Paisley, 1968; Allen,
1967, 1969; Lipetz, 1970; Crane, 1971a; Lin and Garvey, 1972;
Martyn, 1974; Crawford, 1978; Dervin and Nilan, 1986; Hewins,
1990; King and Tenopir, 2000); several books (Pinelli, Barclay,
Kennedy, and Bishop, 1997a,b; Griffith, 1980; Kent, 1989; Nelson
and Pollock, 1970; Mikhailov, Chernyi, and Giliarevskii, 1984;
Williams and Gibson, 1990; Hills, 1980; Katz, 1988; Tenopir and
King, 2000a), reports such as those produced by Pinelli and colleagues and King with Casto and Jones; and PhD dissertations
such as Raitt.
Studies concerning STI communication often do not make the
distinction between scientists and engineers. Authors who discussed the variations between the two groups before 1994 include
Gould and Pearce (1991), Blade, Rosenbloom, and Wolek (1967),
Allen (1988), and Pinelli (1991). Engineers were found to rely
more on informal and interpersonal information sources than of
published literature (Rosenbloom and Wolek 1967; Allen 1988)
and they also read fewer journal articles and use the library less
than scientists (Griffiths, et al.).
Several sustained and exemplary STI communication research
projects were performed from the 1960s through the current time.
All of these studies have relied heavily upon data collected from
statistical surveys of engineers. The first of these studies, by
William Garvey and colleagues at The Johns Hopkins University,
began in the early 1960s and lasted until the 1970s. Their work
had two major foci. First, they were interested in the “flow” of STI
through various communication channels such as internal reports, professional meetings, journal articles, and so on. They developed a timeline to show when created information would appear in each of these channels. Second, they examined which
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sources of information engineers used for completing their work
activities.
Thomas Allen and his colleagues at the Massachusetts Institute of Technology performed another series of studies initiated in
the mid-1960s which continued into the early 1990s. Their work
involved “record analysis” and self-administered questionnaires
of engineers, which revealed that there are often individuals in an
organization known as “stars” or “gatekeepers” upon whom others
heavily rely on as sources for internal and external information.
They identified nine basic information channels and determined
the extent to which each of these channels are used, the value of
these channels, and the factors which lead to their use.
King Research performed statistical descriptions of STI from the
1970s to the 1990s. Under National Science Foundation (NSF) contracts, King Research performed a series of studies to develop statistical indicators of STI. This research provided trends and projections for STI literature, libraries, authorship and information
use by scientists and engineers, and STI expenditures in the
United States. One finding debunked the myth of an “information
explosion.” Rather, growth in the literature merely reflected a
growth in the number of scientists and engineers, a fact that holds
true today. In 1976, they began research on the feasibility of electronic publishing of journal articles and concluded that the shortterm future would have a two-tier system of dissemination (print
and electronic). Results from the journal studies led to a book
(King, McDonald, and Roderer, 1981) in which the entire journal
system is described in detail. They then started research in 1981 to
explore the use, usefulness, and value of STI and the contribution
that STI services make to these outcomes. From the 1980s to the
late 1990s, King Research performed numerous proprietary studies in various organizations to determine the communication activities of professionals (including scientists and engineers). Their
work found that engineers and scientists spend a majority of their
time communicating. They also found that engineers and scientists
use a variety of information sources with choices being dictated by
economics among other factors (new analyses from these studies
and more recent comparative data are included in several chapters
in this book). A continuation of these studies is being continued at
the University of Tennessee (Tenopir under SLA, EIF, and other
sponsorship), Drexel University, and University of Pittsburgh.
From 1977 to 1981, Hedvah Shuchman and colleagues of The
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Futures Group conducted surveys of engineers employed at 89
firms. Sponsored by the NSF, these surveys examined the steps
used in locating information needed to solve a project or task. The
most important steps were personal stores of technical information, informal discussions with colleagues, and discussions with
supervisors. They also found a discrepancy between the sources of
information used and sources of information produced.
Beginning in the early 1980s and continuing into the 1990s,
Thomas Pinelli, John Kennedy, Rebecca Barclay and their colleagues examined the diffusion of knowledge through the aerospace industry. Their work was undertaken as the NASA/DOD
Aerospace Knowledge Diffusion Research Project and was done in
collaboration with the NASA Langley Research Center, the Indiana University Center for Survey Research, and Rensselaer Polytechnic Institute. The project tracked the flow of STI at the individual, organizational, national, and international levels and
examined the communication channels in which STI flows and
the social system of knowledge diffusion. More information on the
NASA/DOD Aerospace Knowledge Diffusion Research Project can
be found in Chapter 12, which is dedicated entirely to this extensive research.
The data for this book are derived from many sources. A primary source is from readership surveys performed by King Research
and the University of Tennessee School of Information Sciences,
totaling results from over 15,000 scientists. Conducted since
1974, these surveys looked primarily at journal readership, although use of library and other information services was also considered. Data also came from the tracking of 715 scientific journals over a 40-year period and numerous cost studies of scientists’
activities, library services, publishing, and other processes relevant to the journal system.

1.2

STRUCTURE OF THE BOOK

In Chapter 2, we describe a few of the many models that depict
engineering communication. The principal models presented here
attempt to illustrate the complexity of communication processes,
which consist of many interpersonal or oral channels (e.g., informal and formal discussions, presentations, lectures, etc.) and
written or recorded channels (e.g., letters and e-mail, electronic
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engineering handbooks and manuals, documentation of work,
conference proceedings, articles, books, patents, etc.). Multiple
channels exist because each serves specific information needs and
requirements. Some information passes through a multitude of
channels over time and a model is presented describing the “life”
of information through these channels. Some channels, such as
those found in the literature, involve many important system-like
functions and the participants who perform these functions.
These relationships and the life cycle of information through the
journal channel form the basis for other communication models
that are changing with new technologies.
Chapter 3 discusses the interrelationships among the engineering professions and work performed, resources used to perform
engineering activities, and the output from those work activities.
Information, of course, is an essential input resource to the work
process, as well as a tangible output from the work process. We
emphasize that receiving and using information requires substantial amounts of engineers’ time, as well as, the use of information
seeking tools such as technologies and library resources. The
same is true in information outputs such as in preparing presentations and documents.
Chapter 4 deals with the engineering profession and how engineers go about their work. Examples are given for the amount of
time engineers (in industry and government) spend in various
work activities and the relative importance of information resources used by engineers to perform these activities. We also discuss engineers’ general communication practices and how well
they adapt to communication innovations. The fourth chapter also
investigates how engineers assimilate new information into the
work process, how they revise their work to take advantage of it
and what the outcomes are of using the information. New information may also render old information obsolete, or indicate new,
previously unimagined possibilities for the use of old information.
We also examine how new technology might improve how engineers communicate in the workplace.
In Chapter 5, we first examine information seeking and use by
engineers. There are three stages to this process: information
seeking, information receiving, and reading/listening. Engineers,
having decided that they have a need for information, must attempt to find information that best suits their need. Both of
these processes form information seeking. When they have iden-
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tified some information, in the form of an article or conference
proceeding, for example, they must then attempt to acquire the
information. There are many possible avenues through which
users can acquire information: from asking a colleague, using a
library resource, to logging a formal request for document delivery with a reprint service. The third stage, reading/listening, is
the incorporation or assimilation stage. There are many levels of
incorporation. Sometimes people skim through an article, only
reading the principal statements and glancing at the figures;
other times people, read very thoroughly; and most times people
do a combination of the two at different times. Some of our research and data reveal evidence about the way engineers read
relative to scientists in other fields. There has been less research
on listening by engineers; however, since so much of the communication by engineers is oral, studies of listening and understanding are of particular relevance to the education and research communities. In this chapter, we also describe the extent
to which channels are used and how much time is spent in information seeking and use. Chapter 6 pays particular attention
to factors that affect engineers’ communication channels, such as
geographic or cultural differences among engineers; differences
among branches of engineering; nature of the work performed;
organizational policies; and personal characteristics such as gender, age, and so on.
Chapter 7 explores the facets of output and communicating information. The two major aspects in this chapter are writing and
presentations. This is the communication stage, wherein engineers disseminate the results of their research or engineering output to their colleagues or to the public. We explore trends in how
engineers communicate information in writing, verbally, in conferences or presentations, or in formal education settings, such as
classrooms. We provide estimates of the amount of communication (e.g., presentations made, proposals written, etc.) and the
time spent communicating. Chapter 8 discusses how education
and training are changing in order to improve communication
skills of engineers.
Because of the importance of engineering journals and the
changes due to electronic publishing, Chapter 9 is devoted to the
engineering journal channel. In this chapter, we examine the
trends in authorship, reading, information seeking patterns, and
publishing of engineering scholarly journals. We also present spe-
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cific readership data: How articles are identified and where they
are obtained. In particular, we present survey results for engineers’ reading patterns before and after electronic journals became available.
Since electronic publishing is making a profound impact on information seeking and reading patterns, we devote all of Chapter
10 to survey evidence of these changes. This chapter examines
current (2000 to 2003) observations of the use, usefulness, and
value of journals; where engineers now obtain their articles; how
they learn about the articles they read; the format read (print or
electronic); issues concerning the age of articles read; and factors
that affect choices from among journals read, sources used, and
means of identifying articles.
Chapter 11 examines differences in engineers’ communication
patterns and also differentiates between engineers and scientists
and medical professionals. Knowing precisely how expectations
and communication styles differ between cultures can inform and
potentially improve collaboration between engineers in different
regions. It is equally useful to examine how information use patterns vary depending on the gender, age, level of education, or experience of engineers. Work roles assumed by the same individual
over time and specialization in different fields of engineering also
affect how engineers use information, because the types of goals
and the procedures required to meet them differ substantially
with different work roles or branches of engineering. Even
stronger differences exist between engineering as very practical
and applied, and science, which can be more theoretical and experimental. Chapter 12 elaborates on the extensive work performed by Pinelli and colleagues, which was discussed earlier.
Finally, Chapter 13 summarizes the findings and provides conclusions about the communication patterns of engineers.

2
COMMUNICATION MODELS

2.1

INTRODUCTION

Innovation never happens in a vacuum; innovation requires communication. Just as work on the cutting edge of engineering and
science has become more technical and complex, so too has the
process of communicating. In becoming so, communication has
unfortunately also become more complex and cumbersome for
many of the engineers. Engineering is increasingly collaborative,
multidisciplinary, and global, but the goals of engineering projects are becoming progressively more refined and specialized.
Generally, the more narrow the discipline and the more specialized the information needs of its practitioners, the more difficult
it is to find good information easily. Engineers are rarely taught
advanced techniques of information retrieval, however, and are
typically not naturally gifted communicators, making it difficult
to fill their complex information needs (which can then impair
their ability to produce high-quality work).
In the quest to make all stages of research, development, design, and production as efficient and effective as possible, it is
important to posses a clear understanding of how engineers determine their information needs, fill them, use the information,
and share their own resulting information. By discovering these
patterns and systematizing that knowledge, communication can
Communication Patterns of Engineers. By Carol Tenopir and Donald W. King
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be improved and communication at all stages of engineering
work can be made more effective. This, in turn, increases the potential for high-quality progress in engineering endeavors. This
chapter presents some of the major conceptual communication
models and publishing endeavors that laid the groundwork for
understanding those processes. The remaining chapters focus
more specifically on current issues of how engineers communicate.

2.2

MODELS OF COMMUNICATION SYSTEMS

Many scholars have studied the systems of communication and
the processes of information exchange, both in general and in specific subject domains. Several contain conceptual models that portray these complex patterns. The SCATT Report, by R.L. Ackoff,
et al. (1976), describes an ideal Scientific Communication and
Technology Transfer (SCATT) system that can be scaled to regional, national, or international levels of use. (See Figure 2.1)
Ideally, the SCATT system facilitates the movement of scientific
and technical information in multiple forms (audio and visual),
multiple registers (formal and informal), multiple levels (primary—new information; secondary—about the new information; and
tertiary—about the content of other messages), and multiple
stages (production, dissemination, acquisition, and use). Each of
these forms, registers, levels, and stages is an element of communication and so must be examined both individually and in interactions with the other elements in any useful exploration of the
subject.
For example, an engineer develops a new technology, writes the
patent application for it, and makes a video demonstrating how it
works (stage 1). The patent is awarded and the videos are sent to
other engineers around the world (stage 2) where they watch the
video (stage 3). The other engineers take this new information
(level 1) and talk about it (level 2) with their co-workers around
the water cooler (informal register), and may also present it during a project meeting (formal register).
They begin to theorize about what they discussed at the water
cooler or in the meeting (level 3) and might test elements of this
invention against their own ideas for making it even better (stage
4). As the information moves from the initial pool of new informa-
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tion through each stage of communication, the new ideas that it
creates may result in new information that can be fed back into
the original pool of information, thus starting the cycle again.
Many communication systems rely on a selection of these elements, but a system that integrates them all could be used to provide scientists and engineers with whatever information they
need, whenever they need it, and in whatever form would be most
useful to them.
Garvey and colleagues at The Johns Hopkins University (Garvey and Griffith, 1972) and others have described the variety of
channels by which scientific and technical information content is
communicated. Some are oral in nature (e.g., oral reports, informal discussions, meetings and conferences), while other channels
involve information recorded in documents (e.g., informal
progress reports, technical reports, journal articles, books, and
patent documents). What is particularly useful for their model is

Forms

Stage 2
(Dissemination)

Audio/Visual

Distributing

Stage 3
(Acquisition)
B uying/Reading/
Watching/Listening

Levels
Level 1
(New Information)

Information

Level 2
(About New
Information)
Memos/
Ta lking/
Work

Stage 4
(Use)

Level 3
(About Level 2
Content)

Pool of Information
Figure 2.1 Scientific Information Transfer System Model. Source: Derived
from SCATT Report.

Registers

Coding/Formatting

Stage 1
(Production)

Stage 4
(Use)

Formal and Informal Exchange

Memos/
Talking/
Work
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that they observed time frames for the flow of specific information
content through these channels from the time of creation to the
time the information is reported by such means as laboratory
notebooks, informal correspondence or interpersonal discussions,
conference presentations and papers, research reports, dissertations, journal articles, patents, books, bibliographic entries, and
state-of-the-art reviews. The schema in Figure 2.2 depicts a rough
time frame of occurrence on the vertical axis (from the top down).
However, less well documented in this context is the timeframe
during which the information is obtained and applied by users as
opposed to its first appearance in publications (Tenopir and King,
2000a).
Bear in mind the different aspects of communication and different channels of communication when exploring the interaction of
information process cycles with communication systems. Scholarly journals are a useful example for demonstrating how these two
phenomena interact, because they are a well-established method
of formally communicating new information generated through
research. Scholarly journals, like most well established products,
became well-established because they work. Examining the development of something can give insight into the nature of the problem that it is designed to solve, so we offer a very short history of
the scholarly journal. A more extensive history of print and electronic journals can be found in Tenopir and King (2000a) and
Pullinger and Baldwin (2002).

2.3

MODELS OF SCHOLARLY JOURNALS

In the early stages of science, the scholars and practitioners were
either dispersed over a wide geographic area or gathered in a few
small areas. They usually communicated either face to face or in
letters, which may or may not have circulated. As the number of
scientists increased during the seventeenth century, scientific societies developed, designed to facilitate the exchange of information between members, even across national boundaries. These
societies began to formally publish and distribute materials dedicated to their field. The scholarly journal soon became the centerpiece of the scientific society. As the numbers of scientists increased and the fields of study diversified, so did the scholarly
journals. There was a marked increase in interdisciplinary science during the twentieth century because many of the sciences
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became more applied and were brought to bear on complex issues,
for example, maintaining a viable natural environment while
building habitats suitable for people. The elements that must be
taken into account during an environmental impact study are diverse, lying outside a single field; therefore scientists and engi-
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neers from different fields had to collaborate. This trend shows no
signs of slowing down, and has become increasingly global in nature. Collaboration remains the watchword of the twenty-first
century and communication efficiency is as important today as it
was in the seventeenth century.
The function of a scholarly journal is to package new, edited,
and peer-reviewed information so that it can be transferred from
one scientist to another, or to many. Several works can be collected and packaged according to type of content, which allows a journal to be tailored to the interests of its target audience. Packaging
articles this way cuts the costs of delivery. Since the journals typically record both the works and the names of authors, they protect against plagiarism and enable recognition and prestige to authors and their institutions. The peer review facilitates trust and
editing helps ensure quality. Because journals are widely distributed, it is less likely that information will be altered or lost. Authors who subject their work to the scrutiny of others are more
likely to be conscientious in their research and disciplined in their
writing, which leads to a higher standard of quality of information.
Scholarly journals have changed dramatically since their inception in the seventeenth century. The journal system became more
complex, involving a number of specialized system functions and
participants whose role in the system was to perform the functions. To depict these functions and participants, a spiral of the
life cycle of information content in scholarly journals was developed as shown in Figure 2.3 (King, McDonald, and Roderer,
1981).
The spiral includes 11 functions, beginning with research and
other sources of information creation (1). This function is the role
of engineers and scientists. As a result of research, development,
and other means of creating information, article manuscripts are
composed (2) by engineers and scientists. The composition function refers to formal writing, editing, and reviewing of the manuscripts. When a manuscript is in a form to be communicated, it is
recorded (3). These two functions are the role of authors, publishers, editors, and reviewers. At this stage authors have, as yet,
very little impact on the scientific and engineering communities
by means of formal communication. Only when the work has been
reproduced and distributed does it gain the potential for widespread influence on an audience.
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Figure 2.3 Life Cycle of Scientific Information Through the Scholarly Journal
System. Source: King, McDonald, and Roderer (1981).

The reproduction (4) and distribution (5) functions are usually
the role of the publishers; however, authors, libraries, and colleagues also play an important role. The transfer of documents
through the three participants may be thought of as indirect reproduction and distribution, which requires acquisition and storage (6). Although many individuals acquire scientific and engineering articles and may store them, this stage of the spiral is
represented by libraries and other information centers. Through
their acquisitions and storage policies, libraries provide a permanent archive of scientific achievement. They also ensure access to
this record.
Libraries play an important role in organizing and controlling
these functions (7). In addition to collecting publications, libraries
and other information centers provide access to these documents

18

COMMUNICATION MODELS

through classifying, indexing, and other related procedures. The
major indexing and abstracting services and bibliographic services play an important part in organization and control as well.
Needed publications may be identified and located (8) by a number of processes, including reference to one’s own subscription, library search, and automated search and retrieval systems. This
function is often accomplished for users by an intermediary from
a library or other information service. The physical access (9)
function includes direct distribution of reprints by the author.
The function of assimilation by user (10) is the least tangible. It is
the stage at which information content (as opposed to articles) is
transferred. It is at this stage that the state of the user’s knowledge is altered.
The functional schema is presented as a spiral because the
communications process is continuous and regenerative. Readers
may assimilate information they can use in their research in such
phases as conceptualization, design, experimentation, and analysis. This research may, in turn, generate new composition (11)
and recording for another cycle through the information transfer
spiral. In a sense, the Garvey and Griffith model (Figure 2.2) describes the life cycle of information through the communications
system of channels. This model, and the one in Figure 2.4, describes the life cycle of information through a particular channel—scholarly journals.
As electronic and digital processes migrated into the journal
system, more functions became involved and more participants
performed these functions. In 1994 the Association of American
Universities Research Library Project expanded on the functions
developed earlier for the traditional print journal. Furthermore,
they identified three potential variations that they called classical, modernized, and emergent models, which differ in the type of
format primarily used to transfer information. The variations on
this model show the effects of these changes.
First, the AAU Task Force identified a system of scientific and
scholarly communication that included: information generation
and creation (data collection and analysis/synthesis), authoring
(writing and revising), informal peer communication (informal
editing and preprints), editing and validation (formal editing and
peer review), ownership, privacy, and security (copyright issues),
distribution (wholesale and reprints), acquisition and access (purchase), storage (holding), preservation and archiving (holding and
conservation), information management (classification and biblio-
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graphic control), location and delivery (reference), recognition (author or institutional awards), diffusion (distribution outside the
immediate community), and utilization of information by user. All
models share similar elements, but differ in order of importance
and ease of performance.
The classical model pertains mostly to print resources, such as
print journals, printed conference proceedings, and so on. Print
journals accommodate well the elements of authoring; editing and
validation; ownership, privacy, and security; acquisition and access; storage; preservation and archiving; information management; recognition; and utilization. They retain author and institution information reliably and securely, can be acquired easily
through established channels, stand up well to time and use, and
their maintenance requirements are well understood. They are
easy for most users to handle due to long familiarity with print
formats.
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The classical model is less well suited for handling the elements of informal peer communication, distribution, location and
delivery, and diffusion. The print journals’ performance in these
areas suffers primarily because of time. It takes time to move a
physical object from place to place, so print journals fare less well
in these areas than electronic journals.
The modernized model also primarily describes print journal
systems but concentrates on on-demand delivery of articles or
journals and incorporates some use of electronic resources. The
use of electronic versions speeds up the peer-to-peer communication and also the delivery and diffusion of the information. Since
articles are usually then printed in hardcopy to read, they retain
most of the classical assets of the print format. They lose some
preservation and storage qualities because there is no control
over the quality of paper used or the storage facilities available.
Articles are the primary unit in electronic formats, so the benefits
of having similar articles collected in journal form are not necessarily available.
The emergent model is based almost entirely on electronic
means for communication and product formats. This has increased the information generated by increasing the ease and opportunity for collaboration. The electronic nature of the emergent
model technologies raises issues of ownership, privacy, and security, because the intellectual property is easily copied and it can
be difficult to control access and the integrity of the work. Preservation and archiving may be adversely affected, as well, because
no one knows the most effective way to maintain electronic documents, so the information could be easily corrupted or lost. In
many cases the storage of articles falls to the individual scientists
or engineers, since physical copies may not exist in the library or
information center. This may lead to a lack of organization for
hard-copy versions of a work, which may impair access when the
electronic documents are not available.
In the early 1990s, electronic journals began to be published in
earnest, in CD-ROM and online. However, authors and readers
were wary of their quality and sustainability and some raised the
question as to whether journals were needed at all. Libraries were
struggling with spiraling prices and pressures of physical space,
but with a hope that the emergence of electronic journals might
be the answer to these problems. Many publishers were hesitant
to commit to electronic journals, but preprint archives developed
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at Los Alamos National Laboratory (LANL) gained widespread
interest and, with the evolving technology and the emergence of
Mosaic and the World Wide Web, seemed to trigger interest in
electronic journals by all journal system participants.
By the late 1990s through the current time, authors and readers quickly accepted electronic journals as an alternative to print
journals. In the 2003 online edition of Ulrich’s International Periodicals Directory there are approximately 22,000 active, peer-reviewed titles, of which approximately 11,000 are available electronically. Most of these electronic journals are merely replicas of
traditional print journals (some published exclusively in electronic format and most published in both formats). Of 797 scholarly
engineering journals, all are available in electronic format.
During this time, libraries began to expand their collections of
electronic journals in parallel with print or as a replacement to
print. Some libraries have gone to nearly exclusive electronic collections. Most academic libraries began to rely on aggregator
databases and/or negotiated licenses with publishers, library
consortia, or other vendors. The LANL archives database moved
to Cornell University (arXiv.org) and other preprint services also
emerged. For example, the Department of Energy Preprint
Network serves as a gateway to dozens of e-print servers
(http://www.osti.gov/preprints/index.html). These e-print servers
include preprints of articles submitted to peer-review journals,
final versions of published articles (postprints), and articles never submitted to journals (Lawal). Separate electronic articles
may also be accessed from an author’s website or the authors’ institutional repositories. Although still in the early stages of planning, university libraries are beginning to use the Open Archives
Initiative (OIA) standard (http://www.openarchives.org) to build
repositories of the intellectual capital of their faculty. One problem with this approach is that readers may want information organized by subject, not by geographical location of the author.
The DOE preprint search service attempts to address this issue
by means of a limited central search mechanism. However, with
the form of the article and editorial standards controlled by the
author, such preprint collections contain a variety of not necessarily compatible formats. Even within a complete journal model, there are many variations in e-journals. E-journals may be
mere replicas of a print version, with papers presented in PDF
format for easy printing but with poor searching capabilities.
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Alternatively, they may provide a new e-design with added functionality, color graphics, motion files, and links to datasets.
Browsing and searching may be offered or only one or the other.
The availability of back issues also varies considerably (Tenopir,
et al., 2003)
The processes by which the information in journals is made
available and accessible to an audience are manifold. At the moment, for simplicity’s sake, we will divide it into two parts:
processes involving information content and processes involving
information media. (See Tables 2.1 and 2.2.) To give a simple example, if an item is properly cataloged and classified, it probably
can be easily found by the user. However, if that item is available
only in a format that the user cannot access, then it is not useful
to the person and the information might as well not even be there.
It is important to coordinate these processes so that useful information is accessible to the right people when and how they need
it.

2.4

MODELS OF INFORMATION SEEKING

Models of information processes, communication systems, and
journal functions are not useful if the most important participant,
the user, is omitted. One might well ask, “How do users know
what, when, and how they need information?” Naturally, there

Table 2.1

Functions and Processes Involving Information Content

Information-Related Functions Examples of Processes
Transformation

Translating from one language to another,
subject or text editing.

Description and synthesis

Validating information through peer review,
facilitating logical access through preparation
of abstracts, indexes, catalogs, and metadata,
preparation of reviews, especially state-of-theart reviews.

Logical access

Identifying and locating sources through
reference searching, referral, linking.

Evaluation/analysis

Assessment on behalf of users, annotated
search output, data evaluation and integration
by Information Analysis Centers.

Source: Tenopir and King (2000a).

2.4 MODELS OF INFORMATION SEEKING

Table 2.2

23

Functions and Processes Involving Information Media

Media-Related Functions

Examples of Processes

Communications

Information transfer, e.g., author to publisher,
scientist to scientist, publishers to scientists,
library to library.

Recording

Inputting to physical media, e.g., page masters,
computer storage, CD-ROM disks.

Reproduction

Multiple copying, e.g., issues of journals, CD-ROM
disks.

Physical transformation

Conversion, e.g., paper to microform, electronic to
paper.

Storage

Providing access over time, e.g., libraries, computer
files.

Preservation

Ensuring that information on the media or the
media themselves do not deteriorate over time, and
reproduction or restoration of information on
deteriorating media.

Physical access

Delivery, e.g., personal subscriptions, library
subscriptions, photocopies through interlibrary loan
(ILL), terminal displays, computer printouts.

Source: Tenopir and King (2000a).

are models for information seeking patterns, as well. One of the
most useful is Kuhlthau’s “personal construct” model (Figure 2.5).
She postulates that “information seeking is a process of construction that begins with uncertainty and anxiety. From a cognitive
state of uncertainty concerning a problem springs emotional uncertainty.” The distressed individual then relieves his or her uncertainty by finding and using information in the following six
stages: (1) initiation; (2) selection; (3) exploration; (4) formulation;
(5) collection; and (6) presentation.
The person decides that he or she needs something (1), focuses
in on what the need is (2), explores what is involved in meeting
this need (3), formulates a plan to meet all of the identified elements of the need (4), collects the information that will meet the
need (5), and uses it (6). Note that this model shows a linear progression rather than a cyclical or iterative one. Each stage must
be completed to the satisfaction of the individual before he or she
moves on to the next. In the end, if all goes well, the individual is
left with information that she or he can use.
Ellis (1982), following a different behavioral theory entitled the
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Kuhlthau’s Information-Seeking Model. Source: Kuhlthau (1993).

“grounded theory” approach, developed a model of informationseeking behavior for social scientists: (1) starting; (2) chaining; (3)
browsing; (4) differentiating; (5) monitoring; and (6) extracting
(Ellis and Haugan, 1997). (See Figure 2.6.)
Once again, the scientists in question were observed following a
step-by-step approach to fulfilling their information needs. However, these scientists put in a browsing step, where they searched
for information on general topics that might be related to their
needs and then weeded out the irrelevant information in this pool
of data. They were left with information relevant to their needs
and could read it and extract the information that would serve
them. Based on this research he went on to extend that model to
the information-seeking behaviors of engineers and R&D scientists in the private sector in order to determine whether their
processes are the same, similar, or different. The case studies will
be discussed in later chapters.
Collaboration is increasing in today’s scientific process and
communication is a necessary part of collaboration. Therefore, it
is worth investigating how scientists from different fields differ in
their ways of communicating and how they differ in communication methods from engineers. By isolating differences and similarities the communication systems can have the flexibility to be useful to these different users. Gould and Pearce (1991) assessed the
information needs of scientists compared to other kinds of scientists and also compared to engineers. They discovered that first
and foremost engineers need quick access to current literature.
Engineers are also willing to work in a more integrated informa-
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tion environment, using collections that contain full-text and
graphics, for example. Therefore education of engineers should include instruction on the use of current and emerging information
tools and resources.
Other studies, notably those by Allen (1960s–1980s), showed
that engineers use their colleagues as a resource more often than
scientists. Scientists use literature more than engineers. Also, engineers use the literature differently from scientists and often
need different types of journals. For instance, engineers read
more trade journals and internal reports than scientists do.
By collecting data on information-use patterns of scientists and
engineers and comparing them to the information cycle, communication system, and user models that have been developed over
the years, the strengths and weaknesses of the systems that are
currently in place to serve the needs of engineers and scientists
emerge. Identification of the weaker elements in these systems offers the possibility of modifying these processes, so, as a whole,
communication becomes more efficient and effective.

3
A COMMUNICATIONS
FRAMEWORK FOR ENGINEERS

3.1

INTRODUCTION

There have been numerous models of scientific and engineering
communication over the past 50 years, only a few of which we described in Chapter 2. While useful in understanding communication processes, most of the models are conceptual in nature. Furthermore, they tend to ignore the consequences of communication
for the work of scientists and engineers. Throughout this book we
have tried to capture the essence of the conceptual communication models while providing a quantitative foundation for describing engineers’ communication, as well as evidence of the consequences of communication processes for engineers’ work and, in
turn, higher-order effects derived from these processes. Of course
engineers work varies depending partially on their work setting
(e.g., industry, government, universities) and engineering discipline (e.g., electrical, aeronautical, civil).
As such, engineers can conduct research, design, develop products, construct, teach, manage, and perform other activities which
require extensive resources. Such resources include engineers’
time, support staff, computing and other equipment, instrumentation, and facilities, but critical, yet often overlooked, are information and information-seeking tools such as libraries and the
World Wide Web. Not only is information an essential resource
Communication Patterns of Engineers. By Carol Tenopir and Donald W. King
ISBN 0-471-48492-X © 2004 Institute of Electrical and Electronics Engineers
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for performing engineering activities, but the principal output
from these activities is information in one form or another. This
relationship is illustrated in Figure 3.1.
In this chapter we focus on the information inputs and outputs,
and generally on how the information is communicated throughout the work processes. This framework depicts engineers’ communication cycle as shown in Figure 3.2. At the heart of the engineers’ communication cycle is the work performed by engineers,
how information affects the work, and tangential relationships
between information and engineers’ work. Greater detail of these
considerations is given in Chapter 4. However, at this point we
define information input use (or receiving) by the effort or time
engineers spend assimilating information through reading, listening, and so on, as well as the amount of reading or number of interpersonal contacts made. We describe this component of the
communication cycle and factors affecting the use of information
in Chapter 5.
Similarly, we define information output as the time and effort
required for writing or making presentations and the amount of
items written, presentations made, and so on. In Chapter 7 we
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discuss the importance of engineers’ writing and ability to express
ideas and the essence of their work.
Generally, engineers appear to spend more of their time “outputting” information than “inputting” it. For example, Pinelli, et
al. (1989) showed that engineers in aerospace spent 31% of 40
hours per week inputting information and 35% in output. The
King Research surveys of engineers in industry and government
showed they spent 9.7% of their time in informal discussions (receiving and communicating/sending), 21.1% in input/receiving,
and 27.3% in information output/sending. How engineers communicate and the channels within which they do so are both important issues.

3.2

TIME ENGINEERS SPEND COMMUNICATING

Numerous studies corroborate the claim that engineers spend a
majority of their time communicating (Hailey, 2000). Estimates
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usually range from 40 to 66% of their work time (Hertzum &
Pejtersen), but may be as high as 75% (Nagle, 1998). A recent
study of members of IEEE found that electrical engineers spent
about 55% of their workday communicating. The majority of
their communication was with other employees working on the
same project (58%). Less time was spent communicating with
other in-house employees (2%) and individuals outside the organization (22%). With in-house employees, most of engineers’ communication time was with co-worker peers (62%) with less time
communicating with supervisors (24%) and subordinates (14%).
Forty percent of the communication time was spent in face-toface communication, while the rest was spent writing, using email and telephone, and interacting in small groups. Formal presentations account for only 4% of the communication time. Over
half of external communication was by telephone (Vest, Long,
and Anderson, 1996). One study suggested that engineers in industry may spend as much as half of their time solely on the
task of writing (Dyke and Wojahn).
Estimates of the amount of time spent by engineers communicating are not new. For example, in 1984, Raitt surveyed
European aerospace scientists and engineers and observed indicators of the amount of their time spent communicating. He reported that “over the six-month period in question 50% of the
[survey] respondents spent less than one-third of their time communicating, while 8% spent over two-thirds.” In 1989, Pinelli, et
al. reported that aerospace engineers spent about 66% of their
time communicating, although later (1991) they reported a
smaller proportion of time (about 50%). Over a 12-year period
(1986–1998) King Research surveys involving engineers in industry and government yielded estimates of 58% of their time
spent communicating.* These surveys estimated that engineers
spent about 2,130 hours performing work-related activities (not
including vacation, holidays, and sick leave). The surveys also
provided evidence that engineers may currently be spending
more of their time working than they did earlier and most of the
additional time appears to be due to an increase in communica*Ten studies of scientists by others (King and Tenopir) from 1958 to 1998 provided estimates ranging from 25% to 67% of time spent communicating (with an average of 47%).
The King Research surveys (n = 252) asked respondents to indicate how much time (over a
40-hour week) they spend in work-related activities (2,128 annual hours total, not including vacation, sick leave, etc.) and what proportion of this time is spent in various activities.
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tion activities. In support of this assertion, Pinelli, et al. (1991)
asked engineers in several countries whether there were changes
in the past five years in amount of time spent communicating
technical problems. In the United States, 42% said time increased, 45% said it stayed the same, and 13% said it decreased.
In Japan results were similar, but in Western Europe, 60 percent said the time increased.
Another issue is the growth in the amount of information,
both from external sources as well as information found in engineers’ organizations. The result of more information is that
engineers must spend more of their time seeking relevant information. Although the studies mentioned earlier show that engineers spend up to 75% of their time dealing in some way with information, Court, Culley and McMahon (1997) estimate that
they spend 20 to 30% of their time just searching for information. Others, such as Rzevski, argue that the 1997 estimate is
too low; in fact they estimate much more time is spent in information seeking, maybe as much as 70% of an engineer’s time.
Much of this time is not used efficiently, however, and since engineers typically need information within short time frames, delays result in uninformed decisions. Most agree that the amount
of information needed and the amount of time spent seeking information is increasing.

3.3

ENGINEERS’ COMMUNICATION CHANNELS

There have been a number of characterizations of engineers’
communication channels, several of which are presented below.
In the mid-1960s, Thomas J. Allen began a series of studies
which continued into the 1990s at the Massachusetts Institute of
Technology (MIT) under various grants, some of which were
from the National Science Foundation (NSF). Allen and his colleagues observed exchanges or flows of information between individuals, who were referred to as “stars” or “gatekeepers,”
whom others depended heavily upon for internal, as well as external, sources of information. These stars were particularly familiar not only with internal technical reports and the published
literature, but also internal and external interpersonal sources
of information. Allen also made a point of distinguishing information-seeking behavior of scientists from engineers. As a result
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of these studies, Allen and colleagues made suggestions as to
how R&D organizations should be structured in order to optimize communication processes, particularly involving engineers.
Allen and colleagues identified nine basic information channels:
 Literature: Books, professional, technical, and trade journals,
and other publicly accessible written material.
 Vendors: Representatives and/or collateral materials of suppliers or potential suppliers of design components.
 Customer: Representatives and/or collateral materials from
the government agency for which the project is performed.
 External sources: Sources outside the laboratory or organization which do not fall into any of the above three categories.
These include paid and unpaid consultants and representatives of government agencies other than the customer
agency.
 Technical staff: Engineers and scientists in the laboratory
who are not assigned directly to the project under consideration.
 Company research: Any other project performed previously
or simultaneously in the laboratory or organization regardless of its source of funding. This includes any unpublished
documentation not publicly available, and summarizing past
research and development activities.
 Group discussion: Ideas that are formulated as the result of
discussion among the immediate project group.
 Experimentation: Ideas resulting from test or experiment or
mathematical simulation with no immediate input of information from any other source.
 Other division: Information obtained from another division
of the same company.
In-depth research by Allen and colleagues determined the use
of these channels, which ones appear to be most useful, and
identified the factors leading to their use.
In 1967, Rosenbloom and Wolek surveyed more than 3,000 engineers and scientists in large corporations and from a sample of
members of the Institute of Electrical and Electronics Engineers
(IEEE). One principal focus of the study was to determine which
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information sources engineers use. They chose to categorize these
information sources as to whether they were internal or external
to the engineers’ organization and whether the source was written (e.g., reports, professional or trade journals) or interpersonal
(i.e., oral). Pinelli and colleagues (1990a) use a similar breakdown
of communication channels and provide details of the documented
channels with some emphasis on government technical reports.
King Research surveys (1986–1998) similarly categorized channels as to whether they were internal or external and whether
they were written (e.g., reports, articles, proposals, programs, email, etc.) or interpersonal (e.g., informal discussions, consultations, meetings, and conferences, etc.). Garvey and Griffith present a similar breakdown (see Chapter 2).
Some scholars have categorized channels by the written and interpersonal breakdown, but also include tools used in information
seeking such as libraries, the Internet, online information retrieval, and current awareness. For example, Shuchman surveyed
1,315 engineers (1977–1981) to examine steps taken by engineers
in looking for information thought to be needed to work out a solution for the most important technical project or task being
worked on. Such steps included personal stores of technical information, informal discussions with colleagues and supervisors, library sources, databases, and various technologies and media.
Such channels were chosen for both input and output of work. In
1991, Gould and Pearce categorized engineers’ channels as the
primary literature (e.g., serials, patents, technical reports, standards), indexing and abstracting services (print and electronic),
current-awareness services (e.g., current research, electronic networks, conference proceedings, letters, journals, newsletters,
technical reports, preprints, databases), and other electronic
sources. More recently, Harris discusses communication in a networked-based systems engineering environment.
Allen and his colleagues have devoted a great deal of research
to examining flows of information within organizations, particularly how some individuals serve as conduits to information.
Their research methods have been replicated by a number of communication researchers. For example, Tushman undertook a series of studies examining communication in organizations as part
of his doctoral thesis under Allen’s supervision. His most extensive research involved a survey of professionals in an R&D facility
of a large corporation. In this survey he relied on a “personal con-
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tacts record” for 15 weeks, in which data were recorded one day a
week on specified days. More than 400 professionals were surveyed in total. Tushman studied several dimensions of communication: the type of work being performed (i.e., basic and applied
research, development, and technical service), level of dependence
on information (intraproject, intrafirm, and extrafirm), environment in which task is performed (i.e., stable or turbulent), and
perception (by others) of the projects as being high- or low-performing. He also examined the relevance of (1) information
“stars,” who are approached as an information source with high
frequency by colleagues, (2) “boundary spanners,” who span communication boundaries between units in an organization or between projects in the organization and the outside, and (3) “gatekeepers,” who are both information stars and boundary spanners.
One of the most detailed descriptions of communication channels used by European aerospace engineers was presented by
Raitt (1984) as part of his Ph.D. dissertation. An adaptation of
Raitt’s way of characterizing engineers’ communication channels
is given in Figure 3.3. This schema, while relatively straightforward, begins to illustrate the complexity of engineering commu-
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nication. It does lack the element of the purposes for which information is communicated, and therefore is just an extension of
the upper half of the communication cycle given in Figure 3.2.
In one type of specialized communication, preparing patents,
engineers have a distinct and identifiable information use pattern. Breitzman (2003) found that information technology
patents increasingly reference scholarly papers, in particular
publications of the IEEE. In turn, patents that cite IEEE publications are cited more frequently than other patents.

3.4 FACTORS AFFECTING ENGINEERS’
COMMUNICATION CHOICES
Richard Orr observed that people can get needed information (1)
by experimentation, observations, and so on; (2) from contemporaries’ brains; and/or (3) from the pool of recorded knowledge (i.e.,
the past effort of others). The choice among these three options
depends on the perceived likelihood of success within an acceptable time period and on perception of relative accessibility, cost
(i.e., time and expenditure), and effort necessary to obtain the information. Choices are also made by weighing the amount of information versus cost (Griffiths and King, 1991; Tenopir and
King, 2000a) and by considering what is “good enough” or “not
good enough” versus some variables that contribute to this assessment (Orr, 1970). On the other hand, Allen and Gerstberger
(1964) found that engineers appear to act in a manner not primarily to maximize gain (i.e., benefits) but rather to minimize loss
(i.e., cost). Yet, Meadows summarized the many surveys done over
the years as follows: “One of the firmest conclusions of information usage surveys seems to be, indeed, that the intrinsic value of
an information channel has little, or no bearing on the frequency
with which it is used. The ultimate factor is always its accessibility.”
Orr suggested two types of variables or factors related to choice
of communication channels.
1. Personal factors:
 Education, training and past work, including
discipline/profession, level of training, nature of work, experience with channels
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 Status and stage of career
 Demographics
 Inherent capabilities
 Personality/work style
2. Situational factors:
 Nature of need, including functions served; kind of information (i.e., theories, methods, data/results); information
attributes (i.e., precision, quality, specificity, complexity,
urgency)
 Current project, including nature of work, stage of the
project
 Work setting, including structure, reward/control system,
size of organization, information infrastructure, prestige
of setting
 Sponsor/funder characteristics
 Peer communities
 Channel capabilities and attributes
We discuss these factors further in Chapters 5, 6, and 7.

4
THE ENGINEERING PROFESSION
AND COMMUNICATION

4.1

THE ENGINEERING PROFESSION

Engineering has been called an applied science that has as its
goal the creation or improvement of products or technologies with
immediate practical application. Unlike scientists, engineers typically work on projects assigned by their management, most often
work in industry or government, conduct projects in teams, and
focus their goals on company or organizational success (Von Seggern and Jourdain, 1996).
Engineers tend to be specialists who work to solve technical
problems collaboratively with other engineers and with scientists.
Typically engineers in both industry and academia “need more information than they generate,” rely on personal information and
experience, seldom use libraries, and use more texts, technical reports, catalogs, and trade journals rather than scholarly journals
or conference papers (Leckie, Pettigrew, and Sylvain, 1996).
The engineering profession is unique in many ways. For example, engineering is “context-specific and often involves proprietary
information” and, as a result, “engineers tend to rely on conversations with internal colleagues and clients” (Veshosky, 1998). Scientists, on the other hand, are accustomed to external communication sources, including academic journals and free exchange
Communication Patterns of Engineers. By Carol Tenopir and Donald W. King
ISBN 0-471-48492-X © 2004 Institute of Electrical and Electronics Engineers
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with colleagues at other organizations. Engineers also communicate some with external colleagues, but to a much more limited
extent. The thinking process required in engineering requires
more complex and abstract problem solving than most disciplines,
so communicating with non-engineers may be difficult (Li, 1994).
Although projects are assigned, engineers typically have freedom in deciding how to do their work and “they are expected to
make informed decisions in a number of situations where many
possible solutions are available” (Hertzum and Pejtersen, 2000).
The choices that engineers make in deciding how to approach
their tasks and solve problems depends on their “understanding
of the context of the task and, consequently, on their success in
obtaining information about this context” (Hertzum and Pejtersen, 2000).

4.2 HOW INDUSTRY AND GOVERNMENT ENGINEERS SPEND
THEIR TIME
The King Research surveys of engineers (1986–1998) in industry
and government revealed that engineers spend about 2,128 hours
in work-related activities (as shown in Table 4.1).
Most of the time spent by these engineers is in direct engineering activities such as design and drawing (28%), primary research
such as data collection, observation, experimentation, etc. (13%),
and technical activities such as research support or secondary or
background research (15%). They also spend some time in their
own professional development (6%) or educating others (6%).
However, a substantial amount of time is spent on such activities
as management (16%), budgeting (2%), marketing (2%), and the
like. It may be that formal education of engineers should acknowledge or prepare engineers for these kinds of activities.

4.3 IMPORTANCE OF INFORMATION RESOURCES TO
ENGINEERS’ WORK
The studies by King Research above (1986–1998) examined the
importance of information and communication tools to the work
activities (given in Table 4.1). An indicator of information importance was derived from questions asking engineers to rate the im-
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Table 4.1 Average Annual Amount (Hours) and Percentage (%) of
Time Spent by Engineers in Performing Various Activities, 1986–1998
Engineers
Type of Activity
Primary research (data collection, observation,
experimentations, etc.)
Engineering (design, drawings, etc.)
Technical or research support
Secondary or background research
Management, supervision, hiring
Finance, accounting, budgeting, etc.
Operations, practice
Marketing & sales
Professional development
Educating & training others
Other
Total

Hours

(%)

281

13.2

593
177
142
336
37
83
41
135
136
167

27.9
8.3
6.7
15.8
1.7
3.9
1.9
6.3
6.4
7.8

2,128

99.9

Source: Surveys at AT&T Bell Labs, Air Products & Chemicals, Inc., Baxter Healthcare,
Eastman Chemical Co., Eastman Kodak Co., National Institutes of Health, Procter &
Gamble Co. (n = 252).

portance of various resources in performing these work activities.
Ratings were from 1 to 5 (1 being “not at all important,” 3 being
“neutral,” and 5 being “absolutely essential”). These results are
displayed in Tables 4.2 and 4.3. Engineers used a number of different information-related resources to do their work, including
computing equipment or PCs, other equipment or instrumentation, information found in documents (e.g., articles, books,
patents, technical reports, etc.), support staff (e.g., secretaries,
technicians, etc.), information staff (e.g., librarians, information
specialists, etc.), and advice from consultants or colleagues.
Information found in documents rated as having more importance than other types of resources on three different types of
work activities: primary research, secondary research, and professional development. In addition, information found in documents
rated second in importance for engineering (design, drawings,
etc.). Management activities, marketing and sales, and education
activities were the only areas in which document information was
not rated first or second. Computing equipment/personal computers tended to be rated highest in importance for engineering (de-
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2.61
3.43

2.35

2.14
2.71
2.71
2.85

3.60

3.29
3.10

3.07

3.00
2.41
2.67
3.56

3.88
4.41

2.79

2.56
3.91
3.38
3.69

3.41
2.44

1.69

3.00
2.40
3.53
3.78

4.13
2.88

3.02

3.13
3.26
3.50
3.27

770

142

373

41
135

74

312

Information
Staff

4.31

Support
Staff

4.19

Information
Found in
Documents

4.23

Other
Equipment/
Instrumentation

281

Computing
Equipment/
PCs

Type of Resource

3.68

2.81

3.07
3.46

2.90

3.44

3.84

3.79

Advice from
Consultants/
Colleagues

*Importance ratings: 1—Not at All Important; 3—Neutral; 5—Absolutely Essential.
Source: Surveys at AT&T Bell Labs, Air Products & Chemicals, Inc., Baxter Healthcare, Eastman Chemical Co., Eastman Kodak Co., National Institutes of
Health, Procter & Gamble Co. (n = 252).
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Table 4.2 Average Ratings* of Importance of Resources Used by Engineers in Performing Various Work Activities
by Type of Resource: Observed 1986–1998
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sign, drawings, etc.) and marketing and sales. The relative ratings among resources appear to be what one might expect, but the
ratings do show that the importance of these resources is quite
high for many activities.
In Table 4.3, the ratings of importance of different resources
are given for different communication activities. Information
found in documents rates highest for consulting and advising of
others, and second highest for all other types of communication
activity. For every activity, documents were rated as better than
neutral (numbers averaging higher than 3). Computing equipment and advice from consultants and colleagues also tended to
be relatively high in importance for communications activities.
The average annual amounts of time spent by engineers on the
various work activities are also displayed in the tables, giving an
indication of the relative importance of the activities themselves.
Reading was found to be important for a number of reasons
(King and Tenopir, 2000a). For example, Scott (1962, 1969) reported that literature served as the primary source of creative
stimulation. Chakrabarti and Rubenstein (1976) found that the
quality of the information as perceived by the recipient is a major
factor in the adoption of innovation. Ettlie (1976) also found that
the literature was the single most important source of information in achieving product innovations. Another aspect of the usefulness of scholarly journals is their importance to scientists.
Machlup and Leeson (1978) report that economists found 32% of
their readings to be useful or interesting, 56% moderately useful,
and 12% not useful. University scientists rated importance of
reading to their work (from not at all important—1 to somewhat
important—4 to absolutely essential—7). Scientists and engineers rated the importance of the information to achieving teaching objectives as 4.83 on average, while importance to research
was given an average rating 5.02. Over a period of a year, the scientists indicated that, of a total of 188 readings, an average of 13
readings per person were absolutely essential to their teaching
and 23 were absolutely essential to research.

4.4

THE VALUE OF READING

Machlup (1980) points out that there are two types of value of information: purchase value and use value. The purchase value is
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what users are willing to pay for the information in terms of money exchanged and the time expended in obtaining and reading the
information, whereas use value is the consequence of using the information. The average purchase value expended per user on
journals is at least $6,000 per year and the use value exceeds
$25,000 per year per scientist or engineer (Tenopir and King,
2000a). The price paid in their time tends to be 5 to 10 times the
price paid in purchasing journals and separate copies of articles.
There are many ways in which the consequences of reading can
be expressed beyond dollars. For example, Tenopir and King
(2000a) showed that nearly all reading by university scientists
and engineers (95%) resulted in some favorable outcomes. Readings improved quality of teaching, research, or other activities for
which the reading was done (66% of readings); and helped them to
perform the activity better (33%), faster (14%), or at a lower cost
in time or money (19%). With nonuniversity scientists and engineers, consequences were established for the principal activity for
which the reading was done (Griffiths and King, 1993). For example, 67% of the readings resulted in higher quality, 32% in faster
performance, 42% helped reinforce hypotheses or increased confidence in one’s work, and 26% resulted in initiating ideas of broadened options concerning work.
There has been ample evidence over the years that there is a
positive correlation between amount of reading and productivity
of scientists and engineers. In the late 1950s Menzel related the
numbers of journals read with productivity measured in number
of publications. Orr cites several studies in the 1960s that suggest
similar relationships. The Operations Research Group of the Case
Institute of Technology concluded that publishing physicists and
chemists read more than nonpublishers. Shilling, et al. (1964) established a strong positive correlation between various measures
of the productivity of biological R&D labs and indices of communication. Allen (as cited in Nelson and Pollack, 1970) compared differences among engineering teams with regard to (1) the proportion of time spent with various types of input channels (and also
the phasing of the use of these channels) and (2) the quality of
their output of performance and of publications. Parker, et al.
(1967) found that the strongest single prediction of production
was the number of informal contacts with other scientists. Meadows (1974) cites Menzel, et al. (1960) as providing evidence that
chemists who were rated as highly creative typically consulted
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twice as much literature as those having low creativity. Later
Weil (1980) states that journals, when compared to other published materials and computerized information, provided by far
the greatest benefits to current work. Griffiths and King (1993)
established in each of six organizations that amount of reading is
positively correlated with five indicators of productivity (i.e., outputs measured in five ways).
Another indicator of the use value of scholarly journals is that
scientists whose work has been formally recognized tend to read
more than others. For example, Lufkin and Miller (1966) in the
1960s report from surveys of engineers in two companies found
that “People who have been singled out for excellence, whether
by promotion, or by publication, or by special recognition for creativity, all read a great deal more than the average.” Surveys by
Griffiths and King (1993) in the 1980s and 1990s invariably
showed that winners of achievement, technical, and patent
awards read 53% more articles than non-awardees. Similar results were observed for those chosen to serve on high-level projects or problem-solving teams. In one company, 25 persons who
were considered particularly high achievers read 59% more articles than their colleagues. Tenopir and King (2000a) report
University of Tennessee scientists and engineers who received
achievement awards or special honors read more; that is, those
recognized for their teaching read 26% more articles and those
recognized for research read 33% more articles. A similar result
was observed in a survey of Drexel University faculty (King and
Montgomery, 2002).

4.5

THE IMPACT OF INFORMATION ON INNOVATION

Engineers tend to be resistant to change, including adapting to
new technologies and innovations. This characteristic reluctance
to change extends to how they seek for or use information.
Veshosky pointed out that the engineering and construction industry in the United States is perceived as being slow to innovate, unlike manufacturing industries that readily adopt computer-based innovations in design and management. The tasks
that design engineers do on a daily basis make them some of the
heaviest users of information and innovative information technologies, but construction site activities, on the other hand,
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“have seen relatively marginal changes in recent decades”
(Veshosky, 1998).
Some possible reasons for this “resistance to innovation” are
discussed by Veshosky and include:
 Concern about safety, quality, and costs
 Restrictive codes and standards
 The project orientation of the construction industry and the
unique nature of individual projects, which complicates application of innovations across projects
 A fragmented industry
 The nature of the construction-related research and development systems, where most R&D is performed by universities, material or equipment suppliers, or governmental agencies, with little performed by industry firms
The construction industry in Holland in the 1990s was a mature
and important industry poised for change. Pries and Janszen
(1995) found a low level of innovations from within the industry.
Instead, external forces such as deregulation, tensions between
specialization and diversification, and price competition drove
most innovations. According to Pries and Janszen, innovations
are dependent on changes in management and a move toward a
more extroverted and market-oriented approach. They believe education will help make these changes possible, although access to
high-quality external information and effective use of it will certainly also be needed.
Baldwin and Sabourin studied Canadian food processing companies to compare those that innovate with those that do not. The
authors found that there can be a “production-based” approach to
innovation, not just an R&D approach. However, firms engaged in
R&D are much more likely “to innovate” and an R&D “performer”
has over an 80% chance of being an innovator, while a non-R&D
“performer” has only a 50% chance. Innovations can be made in
products, processes, or both, but R&D is important for productonly innovations. The success of innovation is often measured by
increased profits, market share, and so on (Baldwin and
Sabourin, 2000). Although they did not explicitly measure information use, it may be implied that the engineering focus that
needs and uses more information (R&D focus) is more likely to
initiate innovations.
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By the 1990s, the manufacturing industry began to change due
to pressures of increasing demand for higher-quality products,
shorter lead-times, and the need for more flexible collaboration
(Carstensen, 1997). In response to these pressures some manufacturing firms adopted “concurrent engineering,” which introduces
knowledge from all stages of the product life cycle into the earliest
stages of a project. This means that many people with disparate
competencies such as design, development, production, and use
work together in teams to make design decisions, incorporating as
broad a perspective as possible (Carstensen, 1997).
Carstensen studied a Danish manufacturing firm to discover
what information engineering designers used in their design decisions and how they acquired access to that information. Figure
4.1 illustrates the most important interaction between the design
team and the various stakeholders in the project. Designers
sought different types of information from different sources at different stages of the project. Carstensen found that the designers
used both internal and external information, personal and formal
communication channels, and written and oral information. To
make these sources most useful in the work process they needed
to meet certain general requirements, which included:
 High degree of flexibility in mixing the use of many tools
 Access across different media
 Support of converters between different domain languages to
bridge vocabulary problems
 Refinement of search profiles
 Search support

4.6 ORGANIZING INFORMATION FOR BETTER USE IN
THE WORKPLACE
Information is considered critical for success in manufacturing
and “is essential to economic vitality and growth.” It is particularly important to organize and manage information in a way
that accommodates the information-seeking needs of industrial
engineers (Mathieu, 1995). Mathieu recommends the integration
of information technologies within an infrastructure of communication networks, hardware and software applications, databases,
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Figure 4.1 Context Diagram Between Project Team and Stakeholders. Source:
Cartensen (1997).

bulletin boards, standard reference data on materials used in
manufacturing, numerical data, and other information services.
To be incorporated into their work process, information sources
must be organized to match the way engineers do their jobs. For
example, design engineering involves special information needs
that require different types of information seeking than, say, construction engineers. Tasks that require high degrees of problem
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solving require a different style of information seeking “than does
keeping up-to-date about potentially relevant innovations. Information seeking for keeping up-to-date is more general than for
problem solving and should provide a basis for selecting among
available sources when searching for information to solve a specific problem” (Veshosky, 1998).
Effective communication of and access to scientific and technical information has been shown to “play a critical role in the innovation process” (Von Seggern and Jourdain, 1996). Design and
other similar engineering tasks rely on teamwork and collaboration at all stages. Systems that encourage better communication
among team members will promote the efficiency of the design
tasks and impact the success of such projects.
Design and R&D engineers need efficient access to information
and communicate more than the average engineer. Because they
are often constrained by time, work in teams, and work for a
client, design and R&D engineers need up-to-date, accurate, and
original information. According to Leckie, Pettigrew, and Sylvain
(1996), this need for up-to-date and original information “explains
why the journal literature is considered largely irrelevant” by design and R&D engineers. Instead they rely on internal technical
information such as benchmark test results. The information
needs in R&D vary with the stage of the project, but R&D engineers rarely search online bibliographic databases. Leckie, Pettigrew, and Sylvain suggest this may be because databases do not
match engineers’ way of working. Kahin suggests that organizations that rely on cooperation should collect and disseminate research communication.
Consulting engineers also consume more information than
average, and in fact “are among the biggest consumers of information in engineering.” Consultants also need current and accurate information, but they need external market information
about vendors and customers (Leckie, Pettigrew, and Sylvain,
1996).
Team decisions within the various project stages should be
recorded and stored in a way that makes the information easily
accessible to others throughout the project life cycle and
throughout future iterations, thereby effectively integrating the
communication process into the design process. Well-documented
and accessible decisions will save time and improve future projects. A study of 200 engineering designers in the United King-
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dom found that design decisions were recorded in many places,
including diaries (7%), memos (19%), reports (30%), logbooks
(19%), data/calculation sheets (17%), drawings, and computer
files (although 8% did not record their decisions) (Court, Culley,
and McMahon, 1994b). A vast majority (86%) had access to a
personal computer, but they preferred using paper both to record
their decisions and to transfer the design intent to manufacturing.
It seems reasonable that integration of information resources
would likely improve how engineers use these resources. Engineers need a variety of information sources, must access information quickly, and need different information at different stages of
projects. Coordination of various formats (paper, computer-based,
and human communication) is desirable (Baird, Moore, and
Jagodzinski, 2000). The structure of work into orderly teams
helped software engineers organize to find solutions to their project (Button and Sharrock, 1996). Organizing information resources for engineers in ways that mimic this natural structure
may make them more useful for the engineers and, hence, more
often used in their projects.
Although he does not specifically focus on engineers, Hertzum
(1999) described how personal documents created internally were
used to further the work of professionals in companies. Because
many engineers work in teams, studying their use of personal
documents can offer insights into how to design better computerbased document management systems that will facilitate sharing
of the information stored in documents created during personal
and group decision-making.
Hertzum identifies six roles that such documents play in facilitating a professional’s work. Personally created documents in the
workplace serve:
 As personal work files (that must be readily available to the
individual and to colleagues within the organization)
 As reminders of things to do
 To share information with some, but to withhold it from others
 To convey meaning
 To generate new meaning
 To mediate contacts among people
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Such documents help to record personal decisions and bring informal communication into the work process, but they are rarely integrated into an organization’s information systems. As with oral
information, the content of written informal documents is therefore lost if a person leaves his or her job or if personal memory
fails unless a system that facilitates archiving and sharing of this
important information is instituted. Clearly such a system can
help in today’s collaborative engineering environment.
Personal files and personally created information are essential
to the work process. Professionals interact with their own information on three levels. Hertzum describes these levels as: action
information (which includes documents readily at hand, often on
a person’s desk); personal work files (within reach, but usually on
shelves or in filing cabinets); and archive storage (information
stored away from the office).
Surprisingly, although most of such documents are now created
on a computer, the computer is rarely used to store or retrieve
them. Hertzum suggests this may be because people prefer to
store their own documents together with external documents,
such as correspondence or other materials that pertain to a specific project. Paper copies of their personal documents are printed
out for storage and retrieval. Whether electronic or print, professionals tend to store their documents in ways that match their
work projects, either by location or by the dictates of their task at
hand (Barreau, 1995; Barreau and Nardi, 1995; Hertzum, 1999).
An attempt has been made in Japan to provide a portal site that
can be used by engineers to store information in a database and
create discussion forums (Yamada, 2001).
Understanding how engineers choose and value information
also will help design better information systems. Information-related factors that ultimately improve the design process include
trust in the knowledge and expertise of other team members, visible and accessible design sharing among all team members, and
strong social links inside and outside the team (Baird, Moore, and
Jagodzinski, 2000).
Trust in the information source is an important criterion in engineers’ selection of an information source. In formal communication sources such as journals, peer review is a built-in system that
elicits trust in the authority and accuracy of the information content. But, since design engineers prefer oral communication
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sources, trust for them is derived from confidence in an individual’s expertise. A study of engineering design teams at RollsRoyce Aerospace found that face-to-face conversations with “a
trusted engineer who understood the implications of the change
on the tasks were seen to be significant to the rate of adoption”
(Baird, Moore, and Jagodzinski, 2000). Engineers regularly give
the name of their trusted sources of information when they communicate the new information to team members (and if they
don’t, the team members ask for the name).
Design teams rely on knowing what worked or did not work
during similar projects undertaken by their organizations in the
past. Again, the informal social networks are relied upon and experienced engineers are considered the most important source of
information. Incorporating this type of trust and tacit knowledge
into the organization’s information system is difficult and is dependent on retaining experienced employees (Baird, Moore, and
Jagodzinski, 2000).
Veshosky’s survey of large engineering firms found that some
had policies and procedures to assist engineers in locating information about innovations. These policies varied considerably, but
included: assigning responsibility for information seeking to a
specific group or individual; maintaining a file or database about
information relating to innovations (including lessons learned on
previous projects); preparing internal technical reports; conducting internal seminars; supporting internal libraries; encouraging
participation in professional activities; and encouraging interaction with vendors.
The AIM-UK report makes recommendations for improving information services to academic and industry engineers. Recommendations fall into four broad categories:
1. Promoting improvements in information management at an
organizational level
2. Promoting awareness of aerospace information resources in
the public domain
3. Promoting access to aerospace information resources in the
public domain
4. Expanding provision of training in research and information
skills (Hanley, Harrington, and Blagden, 1998)
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4.7 ENGINEERS’ ADAPTATION TO INFORMATION
INNOVATIONS
A survey of academic and industrial aerospace engineers in the
United Kingdom in 1998 found a “depressing picture of low take
up of [electronic] resources, particularly by industry.” It revealed
that electronic sources do not yet dominate in either sector, use of
intranets is low, Internet use is lower in industry, and a third of
academic respondents used the Internet seldom or never (Harrington and Blagden, 1999). The main reason for non-use “was a
lack of awareness of these resources, with 70% of industrial respondents unaware of all resources and a staggering 50% of academic respondents: perhaps an indictment of university library
user education” (Harrington and Blagden, 1999).
Many authors, particularly those writing in engineering journals or conference proceedings from engineering meetings, point
out that engineers now use (or should use) the Internet, intranets,
e-mail, the Web, and so forth to look for information, to share information, and to store or organize it (Sabharwal and Nicholson,
1997; Mathieu, 1995; Hallmark, 1995; Hoschette, 2000; Bender,
et al., 1997). Others report on the utility (mostly anticipated utility) of internal electronic information management systems
(Skinder and Gresehover, 1995; Yeaple, 1992).
Engineers use e-mail more than any other electronic communication channel, something that is not surprising given engineers’
preference for informal and personal channels (Liebscher, Abels,
and Denman, 1997). A 1994 study of engineering faculty in six
small southeastern universities in the United States found that
even in the mid-1990s, 86% of the faculty used computer networks. Of the users, 98% used e-mail, half at least daily, primarily to communicate with colleagues rather than with students. A
majority used three or more network services, including subjectspecific discussion groups and remote databases (Liebscher,
Abels, and Denman). Later studies show a willingness to accept
electronic journals but mostly as a convenience and supplement to
print journals (Rusch-Feja and Siebeky, 1999; Meadows, 1997;
Mehta and Young, 1995). More is said about use of electronic journals in Chapter 10.
Findings suggested that engineers are concerned about the
move toward electronic information systems. In a study of 18 engineering companies in the United Kingdom, Harrington and
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Bladgen (1999) found that all of the companies relied on a combination of manual and computer-based information systems. Almost all of the respondents expressed concerns, most commonly
about: information overload and anxiety that something important will be missed; cultural problems of overcoming resistance to
new technology; difficulty of data archiving and preservation;
software obsolescence; and security.
One of the biggest advantages of the Web for engineers is the
building of common-interest communities. This matches engineers’ traditional information-seeking reliance on personal contacts. Access to other engineers and networking enhances many
engineering projects because engineering expertise is increasingly
geographically dispersed and interdisciplinary (Mathieu, 1995).
In the engineering world, Engineering Information Village is an
ambitious attempt to combine community building with a variety
of engineering information resources. EI Village was redesigned
based on user-feedback and has been described numerous times
in the literature (Hollis, 1998; Tenopir, 1996; Bartenbach, 1996).
In the United Kingdom, EEVL (Edinburgh Engineering Virtual
Library) was an early attempt to build a gateway to high-quality
Web resources (MacLeod and Kerr, 1997).
Integrated computerized knowledge management systems that
capture and store tacit knowledge from engineering team members and other engineers in the organization, internally created
written information, and external information sources are recommended to help ensure information is used effectively in engineering firms. Carstensen (1997) recommends that “a computer-based
information exploration support system should provide easy access—including seamless switching between use of different
search strategies and information sources”—to many types of information. Carstensen found that the most important types of information sources to be included in such a system include:








Previous designs
Design rationales
Similar product information
Known problems in products
Component specifications
Standards and norms
Working procedures
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Production line characteristics
Information on new materials and components
Literature and research results
Relevant persons
Project documentation

Even documentation writing can be made more attractive to engineers if an organization uses cutting-edge software that makes
documentation part of the design process from the start (Button
and Sharrock, 1996). Such integrated information systems are not
yet common in engineering firms, but since engineers in most
countries now routinely use computer networks for a variety of
work-related tasks (Pinelli, et al., 1997a, b), development of such
systems should be a priority.
Information can be more effectively incorporated and used in
the engineering workplace if engineers feel comfortable with a variety of information sources and are information literate. Cheuk
(1998) studied information literacy among engineers in Singapore
and concluded that, in the workplace, information literacy is required at both the individual and team-working level. Managers
must recognize that information seeking and use is an iterative
process and there is no one direct path to seeking information. Individuals must be encouraged to develop personal information
strategies that are appropriate for different situations. Information needs are constantly changing and a successful information
system in an engineering organization must provide access to a
variety of information sources and systems and allow a flexible
and individual approach to information search strategies. Cheuk
cautions companies that “rigid guidelines based on the assumption that some information sources are more suitable for certain
type of employees should be re-evaluated.” An in-house study of
information literacy levels within an organization can lead to the
development of an information literacy strategy and curriculum
that will ensure information resources are better incorporated
into the engineering process (Cheuk, 1998).
Electronic journals and distribution of external information
sources form a part of an integrated information system, but also
offer advantages on their own. IEEE has studied the long-range
effects of electronic publishing of their journals on their various
participants (Herkert and Nielsen, 1998). Like many professional
societies, IEEE is shifting to electronics as their primary distribu-
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tion medium for their peer-reviewed scholarly journals and other
publications.
A Delphi study commissioned in 1998 by IEEE revealed many
obstacles that must be overcome before widespread adoption of
electronic journals is possible. These include:
 IEEE barriers: IEEE must have a coherent vision, be a
leader to avoid falling behind, set reasonable goals, and provide information in a flexible standard format.
 Individual barriers: A user-friendly interface and education
and training must be provided to members.
 Organizational and technological barriers: Members must
have access to hardware, software, and communications at a
discounted rate; IEEE should develop organization-specific
tools, have workstations in central locations like libraries,
continue to provide print and electronic sources as long as
demand exists, and provide financial incentives to switch
(Herkert and Nielsen, 1998).

5
ENGINEERS’ INFORMATION
SEEKING AND USE

5.1

INTRODUCTION

Information seeking includes all of the processes an engineer goes
through to look for, identify, and obtain relevant information. The
research in these areas is uneven, with a decided emphasis on the
looking for, rather than the obtaining. It is sometimes difficult to
separate these tasks, however, as seeking patterns may change if
the information is perceived as difficult to retrieve. Therefore, all
parts of the process may be included under “seeking,” but we have
also highlighted some studies that specifically focus on information use through reading and interpersonal means such as listening. Perhaps no part of the communications process has been
more studied than that of information seeking. The field of information science focuses more on studying information seeking
than it does on information inputs through reading and listening.
It concentrates even less on information outputs such as writing
and speaking. There is a rich body of research literature that focuses specifically on the information seeking and input use of engineers; some of which we discuss in this chapter. In Chapter 6 we
describe several factors that affect engineers’ information seeking
and input use.
Engineers’ information seeking and use has remained an area
of extensive study in many countries throughout the last several
Communication Patterns of Engineers. By Carol Tenopir and Donald W. King
ISBN 0-471-48492-X © 2004 Institute of Electrical and Electronics Engineers
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decades. Yet many questions remain unanswered. The answers to
these questions will not only provide compelling information
about engineers, but they will also help information service
providers develop better services for engineers and implement
policies that help engineers more easily access quality information. Easy access is an engineer’s top information priority, particularly for practitioners. Engineers often work under tight time restrictions and with proprietary information. These two factors
limit the sources practicing engineers determine as valuable to
their work. In academia, engineers tend to use a greater variety of
resources and also tend to rely more on formal channels for information. Cost and the engineers’ time are the greatest barriers to
access. When engineers are unaware of the sources and services
available to them, they cannot access high quality information efficiently. Again, in academia, engineers tend to be more aware of
the services available through formal sources like libraries. Engineers need a large amount of information in order to initiate new
projects and see them through successfully. Digital information
resources help engineers to access quality information more efficiently, although many engineers have been reluctant to use such
resources. Common-interest digital communities and well-designed internal information systems are beginning to improve information seeking and communication between engineers separated by geography and discipline.
In this chapter, we discuss the channels engineers use in seeking and using information. In section 5.3, we present evidence of
the resources used in these input processes, including the time
engineers expend in information seeking and use and their use of
sources such as libraries and technologies. In Section 5.2, we describe the various information channels engineers use.

5.2 ENGINEERS’ CHANNELS FOR INFORMATION SEEKING
AND USE
Ellis and Haugan (1997) discovered eight categories of information seeking in their study of engineers and research scientists at
Statoil, an international oil and gas company headquartered in
Norway. These categories provide a general model for engineers’
information seeking adapted from Ellis’s earlier model (see Chapter 2). Information seeking falls into these eight categories:
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1. Surveying (an initial search for an overview of the literature
within a new subject field or to locate key people in the field)
2. Chaining (following chains of different forms of connection
between sources to identify new sources of information, such
as following citations in literature or references from individuals)
3. Monitoring (maintaining awareness of developments and
technologies by regularly following specific formal or informal information sources)
4. Browsing (regular scanning of primary and secondary
sources)
5. Distinguishing (ranking information sources according to
their relative importance to the user)
6. Filtering (using search strategies that will make the information retrieved as relevant and precise as possible)
7. Extracting (working through sources to locate material of interest in those sources)
8. Ending (activities involved with finishing the informationseeking process, usually at the end of an R&D project)
The nature of the engineering workplace and the engineering
discipline itself shapes the ways in which engineers seek information. Engineers typically work under deadlines and therefore seek
immediate answers to specific questions, rather than a set of documents on a topic. They prefer easily accessible channels and
sources and will choose the ones most easily accessed even over a
higher-quality source (Toraki, 1999; Taylor, 1986). “Accessibility,
perceived technical quality, and experience with the information
channel or source are considered as the basic determinants for engineers in order to gain access to an information channel, following the law of least effort” (Toraki, 1999). Not surprisingly, libraries have never ranked high as a preferred source for
information by most engineers.
Engineers’ information-seeking channels tend to be either written or interpersonal (i.e., oral) in nature. The interpersonal input
can involve informal discussions such as corridor talks, impromptu visits, cafeteria talks, telephone conversations, and so on, or it
can involve more formal meetings such as presentations at conferences, attending classes, staff meetings, committee meetings, contractor meetings, brainstorming sessions, and so on. These inter-
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personal inputs may come from within the engineer’s organization or external sources as inputs. Similarly, reading can involve
informal e-mail, letters, memos, proposals, and so on, or more formal written materials such as scholarly articles, trade journals,
professional books, internal and external reports, and patent documents.
Studies involving engineers done by King Research and the
University of Tennessee from 1986 to 2001 yielded the estimates
of engineers’ reading activity given in Table 5.1.
Pinelli, et al. (1980) reported similar results for scholarly journal articles (80 readings), trade journals, bulletins (61 readings),
and internal and external reports (104 readings). They also reported readings of letters (200), memos (292), proposals (34), conference or meeting papers (50), and drawing specifications (95),
among others.
Journal articles are reported to be very important to engineers
and scientists (Tenopir and King, 2000a), but they represent only
a small fraction of the technical literature on most topics and may
actually serve as an abstract of a wider body of literature. Technical reports, so-called “gray literature,” are abundant. Esler and
Nelson calculate that 123,000 technical reports are produced annually in federal labs, research universities, and corporate research labs. E-print services such as the arXiv.org system of Cornell University and the Department of Energy’s PrePrint

Table 5.1 Average Annual Amount of Readings* by Engineers by Type
of Document: U.S. 1986–2001
Type of Document
Scholarly journal articles
Trade journals, bulletins
Professional books
Other books
Internal reports
External reports
Patent documents
Total

Readings

(%)

83
47
14
26
73
8
6

32.3
18.3
5.4
10.1
28.4
3.1
2.3

257

99.9

*Readings are defined as going beyond the title and abstract to the body of the document.
There can be multiple readings of a particular document.
Source: Surveys at: AT&T Bell Labs, Air Products & Chemicals, Inc., Baxter Healthcare,
Eastman Chemical Co., Eastman Kodak Co., National Institutes of Health, Procter &
Gamble Co., Oak Ridge National Laboratory, University of Tennessee (n = 310).
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Network now make technical gray literature freely and widely
available (Tenopir, et al., 2001; Lawal, 2002).
Since engineers favor informal channels and do-it-yourself information seeking, it is not surprising that personal communication remains the most popular channel for information. Engineers
seek information from colleagues within their organizations, from
clients, and from external experts and personal information collections. This finding has been reaffirmed over five decades of
studies (Marquis and Allen, 1966; Allen, 1970; Shuchman, 1981;
King, et al., 1994; Tenopir and King, 2000a).
Barriers to seeking both oral and written information were
identified by Hertzum and Pejtersen. The major barrier to seeking written information was cost, and engineers greatly value
their time. Therefore quick, easy access was identified to be “of
paramount importance.” Other barriers included irrelevant information, poor availability of information, unfriendly informationseeking tools, and too much intellectual effort required. Engineers
reported that finding the right channels and sources among so
much irrelevant information was difficult and a waste of effort.
A major barrier to oral information was cost in terms of time as
well. The second most common barrier was “the intellectual and
social effort required to present the information need in a way
that triggers the other person’s attention and gets him/her constructively involved.” If the information request was not adequately presented, engineers often found the answer to be too
general and not relevant to their specific problem. Additional barriers to seeking oral information were the need for confidential
information, poor memory, and inappropriate information
(Hertzum and Pejtersen, 2000).
In team-based projects and in all oral communication it is important is to be an effective listener (Kaye, 1998). Poor listening
skills were found by Levitt and Howe (2000) to be the main reason
engineering applicants failed in job interviews. Cerri (1999) recommends that engineers learn to understand the “human
processes of perception, communication, and cognition” in a “7Step Effective Communication Process.” This process will help engineers become better listeners and to orally communicate more
effectively (in other words, to learn to better understand oral inputs).
Cerri’s seven steps are as follows:
1. Understand which of the five senses the listener is operating
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2.

3.
4.
5.
6.
7.

and match it.
Build unconscious rapport by reducing listener’s filtering by
mirroring, matching, pacing, and leading verbal and nonverbal clues.
Uncover the listener’s paradigms of reality.
Send the message.
Check to determine if it was received.
Go back to steps 1–3 if the message was not received.
Send the next message.

The process of receiving documents is no less complex than receiving oral messages.
Hertzum and Pejtersen (2000) found that personal contacts
within engineers’ workgroups and at conferences are also favored
by engineers in Denmark, but, although they “display a strong
preference for obtaining new information from people,” documents are an important supporting source. Preferences for certain types of sources seem to be intertwined with information
seeking patterns as engineers search through sources that are
most readily available to them. Hertzum and Pejtersen conclude
that engineers seem “somewhat biased toward getting information without deliberately searching for it. They spend time leafing
through journals, talking to each other, attending conferences,
and participating in other activities that subject them to a lot of
information they had not consciously set out to look for.” This bias
is most common when they are looking for information about new
developments on a topic new to them.
Rosenbloom and Wolek (1967) surveyed more than 3,000 engineers (and scientists) in large corporations and from a sample of
members of the Institute of Electrical and Electronics Engineers.
One principal focus of the data collection was to determine information channels used by engineers. Respondents were asked to
report their most recent instance in which an item of information
proved to be useful in their work (excluding someone in their immediate circle of colleagues). Channels used are summarized in
Table 5.2.
Clearly, these engineers in the 1960s relied much more on
channels found in their own organization than on external
sources (63% versus 33%), and they relied more on interpersonal
sources than on written materials (62% versus 43%).
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Table 5.2 Channels Used by Engineers at the Institute of Electrical
and Electronic Engineering
Proportion of
Instances (%)
Channels within own company
Interpersonal
Local source (within establishment)
Other corporate
Written media (documents)
Channels outside company
Interpersonal (anyone outside company)
Written media
Professional (books, articles, conference papers)
Trade (trade magazines, catalogs, technical reports)

25
26
12
11
15
11
100

Source: Rosenbloom and Wolek (1970).

Allen reports comparisons observed in the early 1980s among
information channels used in performing technological projects.
Channels used in these projects are summarized in Table 5.3.
These results reinforce the notion that engineers are more dependent on colleagues than the literature.

5.3 RESOURCES USED BY ENGINEERS FOR
INFORMATION SEEKING
The most important resource used in information seeking is engineers’ time. The King Research studies in industry and government (1986–1998) showed that engineers spent about 26% of their
time inputting information using various channels as shown in
Table 5.4.
The reading time (280 hours) is estimated in Table 5.5:
It is clear that a considerable amount of engineers’ time is
spent in information seeking and use, and it is split evenly between interpersonal and reading channels. Raitt also provides
some evidence of how much time is spent on various communication channels and sources, as shown in Table 5.6.
The interpersonal time seems to be more prominent than time
spent using written channels.
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Table 5.3 Information Channels Used by
Engineers Performing Technological Projects
Proportion of
Instances (%)
Literature
Vendors
Customer
Other external sources
Lab. technical staff
Company research programs
Analysis and experimentation
Previous personal experience

8
14
19
9
6
5
31
8
100

Source: T. J. Allen (1988).

Allen, Shuchman, and Pinelli, et al. showed that engineers used
library resources and librarians relatively frequently as a source
for information for recent major projects. Pinelli, et al. (1997a,b) estimate that aerospace engineers use a library an average of 3.2
times per month (or about 38 times per year). Siess (1982) reports
that libraries are used by engineers between 28 and 64 times a year
depending on the type of research. King estimated in 1984 that engineers used a library an average of 54 times per year. For six organizations surveyed independently in the late 1980s and early

Table 5.4 Average Annual Amount (Hours) and Proportion (%) of Time
Spent by Engineers in Seeking and Using Information by Type of
Channel: U.S. 1986–1998
Time Spent
Type of Channel

Hours

%

Information input
Informal discussions*
Attending internal meetings
Attending external meetings
Reading articles, reports, e-mail, etc.

104
136
34
280

4.9
6.4
1.6
13.1

Total Input

554

26.0

*Assumes that one-half of informal discussions is spent in receiving information and the
other half in sending.
Source: Surveys at: AT&T Bell Labs, Air Products & Chemicals, Inc., Baxter Healthcare,
Eastman Chemical Co., Eastman Kodak Co., National Institutes of Health, Procter &
Gamble Co. (n = 252).
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Estimated Time Spent Reading by Engineers
Time Spent

Type of Document

Hours

Scholarly journal articles
Trade journals, bulletins
Professional books
Other books
Internal reports
External reports
Patent documents
Other (including email)
Total

%

72
11
19
24
58
6
4
86

25.7
3.9
6.8
8.6
20.7
2.1
1.4
30.7

280

99.9

*Assumes that one-half of informal discussions is spent in receiving information and the other half in sending.
Source: Surveys at: AT&T Bell Labs, Air Products & Chemicals, Inc.,
Baxter Healthcare, Eastman Chemical Co., Eastman Kodak Co., National Institutes of Health, Procter & Gamble Co. (n = 252).

Table 5.6 Proportion of Time Engineers Spend (Little Time, Quite a
Lot of Time, or Very Much Time) on Various Communication Channels:
European Aerospace 1984
Level of Time (%)
Communication Channels
Oral, formal
Staff meetings
Contractor meetings
Presentations
Progress meetings
Brainstorming sessions
Committee meetings
Oral, informal
Corridor talks
Canteen talks
Impromptu visits
Sports/social phone
Written
Letter
Memo/telex
Internal report
Conference paper
External Paper/article
Giving documents

Little

Quite a Lot

Very Much

66
43
77
46
74
77

27
39
22
41
19
19

7
18
1
13
7
4

69
84
38
38

23
15
39
40

8
1
24
22

50
28
36
77
82
59

41
55
49
19
12
32

9
17
15
4
5
9

Source: Raitt (n = 155). Includes only those who answered the questions.
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1990s, the average found was 39 uses per year, which is very close
to Pinelli’s observation. The 1984 estimate was from a random
sample of engineers including academics, which may partially account for the difference between it and the surveys done in organizations in the late 1980s and early 1990s.
King and Griffiths performed independent, in-depth studies of
library use in 31 organizations from 1982 to 1998. These studies
show that libraries in organizations fill a very special niche in communication processes. For example, most older articles (more than
about two years old) that are read by scientists and engineers come
from libraries, and these articles are far more useful and valuable
than articles read from personal subscriptions (because the latter
are read most often for current awareness or continuing education
purposes). Libraries are also used by engineers to read journals
that are infrequently read by them and/or that are particularly expensive. Engineers and scientists generally act in an economically
rational way when choosing from where they obtain literature.
They take into account their time and journal prices. The substantial increase in journal prices over the years led engineers and scientists to decrease their number of personal journal subscriptions
(5.8 per person in 1977, to 4.0 in 1984, to 3.7 in the late 1980s and
early 1990s). The proportion of all readings that are from libraryprovided journals has increased: 18% in 1977, to 27% in 1984, and
to 56% in the early 1990s. Even so, the number of personal subscriptions (about half of which are paid for by companies) far exceeds the number of library subscriptions in companies, typically
by a ratio of 5 to 1. Griffiths and King (1993) demonstrated the usefulness and value of organization libraries and their services, and
they cite a number of similar results reported by others.
Several in-depth studies have assessed Information Analysis
Centers (IACs). A Coastal Engineering IAC was described by
Weggel in 1973. Mason conducted a cost-benefit analysis in 1977.
At about that time Corridore (1976) studied Department of Defense IACs, and Engineering Index, Inc. (1978) performed a study
of IACs and numeric data provided by them. In the early 1980s,
Roderer and King (1982) examined the use, usefulness, and value
of two IACs: the Network Energy Software Center and the Radiation Shielding Information Center. Extensive studies have also
examined federal clearinghouses, including a study by McClure,
et al. (1986) on the National Technical Information Service and
studies by Pinelli, et al. (1997a,b) concerning other federal centers.
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Even when they do use a library, engineers like to search for information themselves rather than go through a librarian or other
intermediary. In a study of users of the EPA library in Research
Triangle Park, Grigg (1998) found that engineers were less likely
than scientists to ask for a mediated online search. Although
Kuhlthau’s model (see Chapter 2) of information seeking found
that mediation is most effective at the early exploration stage, engineers in Grigg’s study hesitated to ask for assistance. “In fact,
the tendency for engineers seems to be to do everything possible
themselves until they reached a point where they had done all
they could and still not found the needed information. Only at this
point would engineers ask for a mediated search” (Grigg, 1998).
Engineers told Grigg that the nature of their information needs
makes it more effective to conduct their own searches. Even when
they know a mediated search is needed, they like to conduct a preliminary search first. In those rare instances when engineers request a mediated online search, “they most likely used them only
to act as a photocopying service for pre-identified articles” (Grigg,
1998).
Ignorance of libraries and library services is also part of the
problem. A major study of United Kingdom aerospace engineers
sponsored by the European Initiative in Libraries and
Information in Aerospace (EURILIA) resulted in the AIM-UK report (Aerospace Information Management–UK). This report
found that nearly half of the respondents considered their current information systems to be ineffective, but senior managers
were not aware of the potential contributions that a librarian
and library could make to their information management problems. Three quarters of industry respondents and 60% of academic respondents reported difficulty in identifying and locating
useful materials on the Internet and many worried that they
had missed significant information (Harrington and Blagden,
1999).
Some of the report’s recommendations have been implemented
since its publication in 1998, including a Knowledge Management
Pilot Training Seminar for the aerospace industry and funding for
a new aerospace and defense engineering Internet gateway at
Cranfield University (Harrington and Blagden, 1999). The authors of the report recommended a national information policy in
the United Kingdom that will promote a “national holistic view of
how we as a nation can capitalize on our library and information
resources and how we can increase information literacy (not infor-
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mation technology) across the nation” (Harrington and Blagden,
1999).
In 1995, as part of the United Kingdom’s Electronic Libraries
Programme, EEVL (Edinburgh Engineering Virtual Library) was
founded as a gateway to engineering resources on the Internet.
Such services provide easy access to selected relevant information
and help engineers to locate high-quality resources from among
the millions of questionable Internet resources more quickly
(MacLeod and Kerr, 1997).
The European Union funded projects in the late 1990s to help
improve information literacy for scientists and engineers under
the umbrella EDUCATE (EnD User Courses in Information Access through Communication Technology) and spinoff projects
such as DEDICATE (Distance Education Information Courses
with Access Through Networks) to help train the trainers in libraries. A self-paced user education course called INTO INFO
was one project developed for engineers and scientists along with
professional development initiatives for librarians (Fjällbrant,
1977). Since technology changes quickly and because studies of
members of the Special Libraries Association have found that
only a small percentage of engineering librarians hold undergraduate degrees in science or engineering in addition to their graduate degrees in library and information sciences (Mosley, 1995),
these programs for librarians are important.
Since information technology is advancing so rapidly, engineers
have a growing need to keep up-to-date with technical developments and therefore require efficient techniques to learn of these
developments. Gessesse (1994) pointed out that today’s engineers
cannot afford to remain ignorant of the myriad types of information resources available or to waste time struggling to find them.
The librarian can save the engineer’s time and the organization’s
money by teaching engineers how to locate relevant information
resources.
Many academic engineers find their university library to be the
most helpful information source and “showed a clear preference
for consulting their own academic library to assist them with information problems in work-related situations” (Farah, 1993).
Farah found that they return to a helpful provider because of prior use or experience (68%) and convenience (18%). When asked
why they access a particular information provider, the faculty
gave several reasons, including: accessibility (58%), quality/accu-
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racy of information (51%), timeliness (35%), least costly in terms
of time (29%), ease of use (24%), comprehensiveness (15%), referred to the source (8%), and least costly in terms of money (7%).
Colleges and universities can also influence how their engineering faculty use their networks, particularly by providing networked workstations in their offices. Training programs, including advanced training programs that target specific topics, will
help them make more effective use of computer networks (Abels,
Liebscher, and Denman, 1996).
Perhaps engineers do not use formal information systems adequately or efficiently, because current designs fail to reflect the
way they think and the way they work. Yeaple (1992) recommends that database systems are easier for engineers to use if the
systems “mirror an engineer’s mental connections between
chunks of information.” Since an engineer makes mental connections around his or her functional and structural design hierarchies, systems that provide this structure are more easily comprehensible to engineers and reduce their information-seeking time.
Information technologies raise the communication requirements of engineers, including the need for up-to-date information
from internal, governmental, and other sources and the need to
share project details across workgroups and with clients. Sabharwal and Nicholson predict that the client side of this equation will
increase in environmental engineering firms as clients become
more sophisticated and “become more involved in decisions during project planning and design phases.” Clients will begin to demand communication and interaction via the Internet and the Internet will make it easier for international companies to work
together across geographic boundaries. They envision a future
where large offices with high-paid executives and a large staff are
no longer needed, as engineers work from home and Internet communication allows “closer, more immediate coordination between
the environmental professional and the client.”
Neither working engineers nor engineering students use physical libraries as much as scientists do—particularly if the libraries
are not located nearby—and they overwhelmingly prefer digital
information sources (Holland, 1998; Holland and Powell, 1995).
Holland found that fewer than 20% of employees now use the corporate engineering library, preferring to rely on desktop information systems.
The hesitancy of engineers to use a physical library if it is not
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convenient to them does not necessarily translate to a preference
for totally virtual libraries. As recently as the early 1990s, Pinelli
found that aerospace engineers still favored “rather traditional
information sources, such as personal information stores and discussions with colleagues, over newer electronic services” (Harrington and Blagden, 1999). In a study of engineers who belonged
to the Technical Chamber of Greece (a professional organization
that maintains a library for its members), most replied that “the
virtual library might have a positive impact on their job.” More
than one-third of the respondents wanted a virtual library to replace the existing physical library, but the rest believed that personal contact and physical browsing were important (Toraki,
1999). European aerospace engineers reported increasing difficulty in identifying and locating materials that met their information needs; but their use of the Internet is increasing and they
have a more positive attitude toward electronic access than in the
recent past (O’Flaherty, 1997).

6
FACTORS AFFECTING
INFORMATION SEEKING
AND USE

6.1

INTRODUCTION

There are many factors that affect the ways engineers and scientists seek and use information. For example, some factors are
distinctions based on demographic variables including: geographic or cultural differences; personal differences (such as gender, age, education, or experience); differences between branches
of engineering; differences due to work role; and differences between engineers and scientists. Ready availability of technology
is likely responsible for most of the impacts of geographic differences between engineers. Technology can affect the kind of information available, its quality, and the way in which that information can be used.
Few studies have examined gender differences in engineering.
Those conducted found dissimilarities in self-confidence and information production between women and men. Women respondents were found to be less confident in their knowledge of
sources and services and to produce more “secretarial” types of
documents. An increase in information creation has been found to
parallel increased age and experience. Information use and creation varies across engineering branches and work role although
all engineers use both formal and informal channels and most
Communication Patterns of Engineers. By Carol Tenopir and Donald W. King
ISBN 0-471-48492-X © 2004 Institute of Electrical and Electronics Engineers
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prefer to use informal channels. Engineers’ information channels
tend to be less open and more internal than scientists. Also, engineers tend to create less information than scientists because engineers are oriented toward the creation of technological products
rather than documents. More research conducted on differences of
information creation and use between engineers and between engineers and other disciplines would help information service
providers better understand and meet the information needs of
engineers in different contexts.
There are also many factors that affect engineers’ information
seeking and use, including:






Geographic and cultural differences
Branches of engineering
Nature of work being performed
Organization policies
Personal characteristics

These and other factors are discussed in sections 6.2 through
6.5.
6.2 EFFECTS OF GEOGRAPHIC AND CULTURAL
DIFFERENCES ON INFORMATION SEEKING AND USE
Engineers around the world are more alike than different. There
is a unique body of knowledge, and some would say a unique way
of communicating, that defines an engineer. Much of the discussion and conclusions in the previous chapters do not consider
place and culture issues. Engineers spend much of their time
communicating, albeit in less-than-optimal ways, whether located
in the United States, United Kingdom, Denmark, Japan, India, or
Saudi Arabia. Still, there is a rich body of literature which compared engineers in different countries or cultures, and differences
did emerge.
One of the biggest differences is the availability of technology.
Most engineers in the United States, the United Kingdom, and
many other highly industrialized nations have had desktop access
to computers and speedy telecommunications connections since at
least the mid–1990s. Ready access means that Internet applications such as e-mail, listservs, and the Web are a routine part of
these engineers’ external communication patterns, and internal
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applications such as intranets, decision support systems, and
computer-assisted design systems are also available. This is not
yet true in other parts of the world.
Aerospace engineers across Western Europe “have similar information-seeking habits” and all are increasingly using the Internet. They also have a more positive attitude toward electronic
access to information than in the past (O’Flaherty, 1997). Like
their counterparts in the United States, European aerospace engineers are experiencing information overload, which creates
problems “in making effective use of existing information services” (Harrington and Blagden, 1999).
There are many kinds of barriers to efficient information seeking; for example, engineers in India are not able to attend many
professional conferences due to financial constraints (and engineering students in India are often not even aware of conferences)
(Lalitha, 1995). In Saudi Arabia, university engineering faculty
have significant difficulty acquiring all of the information they
need, including delays in getting journals, outdated book collections, and lack of help in locating the information since libraries
are not as well equipped as those in the U.K. (Al-Shanbari and
Meadows, 1995). Although only 38% of the Saudi science and engineering faculty had a computer on their desk in the early 1990s,
most of which were not networked, 80% had used a computer
within the last year. Engineers used computers more than science
faculty, with 93% of the engineering faculty claiming to make regular use of computers for teaching and research (Al-Shanbari and
Meadows, 1995).
Russian scientists have experienced declining access to foreign
scientific literature following the breakup of the Soviet Union.
Russian scientists and engineers now rely on their western colleagues for up-to-date information and reprints of journal articles.
Large serials budgets previously provided by the centralized Soviet system no longer exist. Technology is helping some, as private
communications and article sharing via email have flourished
with international colleagues (Markusova, et al., 1996).
Difficulties getting materials may have at least one unexpected
positive consequence. Researchers who report the most difficulty
getting materials also report that this encourages a high degree of
collaboration both within their own country (Al-Shanbari and
Meadows, 1995) and with western colleagues (Markusova, et al.,
1996).
If technology access is optimized and equalized, the similarities
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across engineers around the world may far outweigh any cultural
or geographic differences. When telecommunications problems
are taken out of the equation, it was found that Saudi engineering
faculty used CD-ROM technology equally with western faculty,
although western faculty used e-mail more than Arabic faculty
members (Al-Shanbari and Meadows, 1995). A study of university
faculty in the United Kingdom and Czech Republic found differences in how they used paper information systems, but no differences in how they used electronic personal information management systems (Jones and Thomas, 1999).
In this era of multinational corporations and a global marketplace, engineers across national boundaries often work together
on long-distance teams or find it advantageous to exchange information across national boundaries. According to Dimitrakis
(1997), language difficulties and cultural differences are not the
major impediments to successful communications between Asian
and western engineers. Although there are many differences in
the national cultures of Asia, such as Japan, Korea, Singapore,
China, and Thailand, in all of these Dimitrakis believes “the
most important criteria” for sharing information “are how sincere and knowledgeable the Asian engineers perceive you and
how well you meet their expectations.”
In general, Asian companies that rely on outside technologies
are conservative and build their relationships on trust and a free
exchange of technical information and expertise. There are differences in the type of information Asian companies want and
how they make decisions. Dimitrakis pointed out that engineers
in Japan want well-documented results presented according to
timetables; those in Korea listen and are willing to take risks;
engineers in Thailand value a responsive attitude more than
technical content and may request information that may seem
irrelevant to the specific question at hand. Personal characteristics that exist in any geographic area or culture can also affect
how an engineer creates and uses information.

6.3 EFFECTS OF THE NATURE OF WORK ON INFORMATION
SEEKING AND USE
6.3.1

Information Seeking within Engineering Discipline

Engineering is a diverse profession and there are some specific
differences in communication patterns within the various sub-
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fields and branches as a result of this diversity. Thermal engineers, for example, use less mature technology and less formalized knowledge than, for example, stress engineers. Thermal engineers work more closely and have a more inward focus than
other subfields (Atman, Bursic and Lozito, 1995). Computer science engineers spend less time writing than do other types of engineers (Kreth, 2000).
Computer and network use also vary across engineering subfields. Bishop found that aerospace engineers working in aerodynamics or flight dynamics and control are more likely to use networks than those in other branches of aerospace. Electrical,
electronics, and computing engineers in Saudi Arabia were found
to use computers more than other types of engineers (Al-Shanbari
and Meadows, 1995).
Construction engineering requires good communication between several parties with different yet vested interests. For example, the user must communicate his or her needs to a developer/architect. Then, once plans have been developed and a bid has
been taken, the general contractor must understand the plans
and communicate the plans to the subcontractors. The projectmanaging engineers will be the ones who ultimately make the installation decisions based on the communications from user to architect to general contracting to subcontracting and also based on
electrical plans for the facility (Mench, 2002).

6.3.2

Differences in Information Seeking Due to Work Role

Engineers, typically those in large organizations, hold a variety of
jobs that require a variety of tasks. Information needs also vary,
depending on the nature of the work. For example, a research engineer needs theoretical information, while a design engineer
needs information about existing materials, devices, and systems
specific to a particular situation (Gessesse, 1994).
R&D and design engineers have received the most scholarly attention and seem to display distinct information patterns. Kim
(1998) discusses many studies that found R&D engineers differ
from other engineers in that they prefer problem solving through
oral communication, spend less time on formal information
sources, and use textbooks and reports more than journals. Vest,
Long, and Anderson found that communication patterns of R&D
engineers “remain distinct from those of other engineers.” In their
study they found that R&D engineers spend less time on commu-
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nication (47% versus 62% for non-R&D engineers) and, when they
are communicating, spend less time communicating with those
outside their own group (18% for R&D engineers versus 25% for
non-R&D engineers) and have a smaller communication network
(6 or fewer people daily for R&D engineers versus more than 12
for non-R&D engineers) (Vest, Long and Anderson, 1996).
Designers need to communicate with people with specific competencies and previous experience as information resources. They
need to explain, discuss, and argue issues during the design
process. Even when they search for documents, they use them to
find people to use as sources of oral information or to find people
who can send them documents (Hertzum and Pejtersen, 2000).
Design engineers rely on working with a team of specialists and
therefore they coordinate knowledge. Court, Culley and McMahon
(1997) found that this sharing of information is accomplished not
only through face-to-face meetings, but also through use of video
conferencing, e-mail, memos, formal documents, and so forth. The
selection of communication medium influences the “richness of information that can be processed.” Unfortunately, design team
members seldom receive any formal training or guidance on which
channels are appropriate for which tasks. The various communication channels have different levels of richness, as illustrated in
Figure 6.1, presented by Court, Culley, and McMahon (1997).
Face-to-face is the richest, most intense, most immediate communication mode, revealing multiple clues to the communicators.
Design engineers need information throughout the design

Information Medium

Information Richness

Face-to-face

Highest

Telephone

High

Written, Personal
(e-mails, letters, memos)

Moderate

Written, formal
(bulletins, documents)

Low

Numeric Formal
(computer output)

Lowest

Figure 6.1 Communication Channel and Information. Source: Court, Culley,
and McMahon (1997).
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process, but they need different types of information depending on
the type of design activity and stage of the design. Court, Culley
and McMahon (1995) described nine types of designs (simple designs, complex designs, original designs, adaptive designs, variant designs, new designs, previously done designs, design tasks,
and selection tasks) within three general categories: original,
adaptive, and variant. For all types of design tasks engineers prefer personal information sources including memory, colleagues,
and other employees. Engineers access these sources via sight,
sound, and speech via telephones or speaking in-person. Even
when accessing external information they use personal-access
paths.
Design engineers in the United Kingdom preferred to follow
well-established paths to seek and locate information and concentrated on sources and methods that were familiar to them. Personal memory was relied on 30% of the time, which may pose
problems to companies when employees change jobs (Court, Culley, and McMahon, 1995).
Design teams use information to make decisions that impact
their entire organization. Their role has been complicated recently “by the ever increasing amounts of information that are being
produced by specialist groups and organizations, and by the wide
variety of formats and media in which they are delivered and presented . . . the sheer volume may slow down or prevent the engineer or designer obtaining a critical fact or piece of information”
(Court, Culley and McMahon, 1997).
A survey of 200 engineering designers in the United Kingdom
and 20 case studies revealed a wide range of written channels. Internal channels included: product specifications, previous design
schemes, existing design reports, other department reports, data
handbooks, development and test data, sales data, commercial
data, marketing data, manufacturing data, in-house parts catalogues, design guides, and service feedback. External sources included: journals, magazines, catalogs, libraries, professional organizations, academic institutions, the government, design guides,
and events (Court, Culley and McMahon, 1997). Hertzum and Pejtersen (2000) also found that engineers make extensive use not
only of interpersonal communications in their day-to-day work
but also of information found in documents such as handbooks
and internal reports.
Design engineering requires much cooperation and cooperative
revisions. It has been described as a social activity, rather than a
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technical one, due to this high degree of interactivity (Lloyd, 2000).
Good groupwork software assists design engineers more than others because of the nature of design work (Lee and Decker, 1994).
Information habits of the same individual may vary according
to the complexity of the task underway. Byström and Järvelin
(1995) classified tasks into five categories, the complexity of each
influencing information seeking. These tasks, in order from most
to least complex, are:
1. Genuine decision task (unexpected, new, unstructured; neither results, process, nor information requirements are
known; for example, the collapse of the Soviet Union from
the viewpoint of other governments).
2. Known genuine decision task (type and structure of result is
known, but permanent procedures haven’t yet emerged; for
example, deciding the location of a new factory).
3. Normal decision task (structured, but requires case-based
arbitration; for example, grading a student’s paper).
4. Normal information processing task (mostly determinable,
but requires some case-based arbitration; for example, the
interpretation of a tax code).
5. Automatic information-processing tasks (completely determinable; for example, the computation of a person’s net
salary).
The number of sources consulted and the number of external
sources used increased with the complexity of the task, but the
use of internal channels and success of information seeking decreased.
Even in the same branch of engineering or the same company,
an engineer may find that his or her work role changes over time.
Typically, as an individual advances in seniority and rank, that
individual assumes more administrative or managerial duties
and fewer product design or pure engineering duties. Throughout
a career an individual engineer may assume a variety of functions, “including research and development, design, testing, manufacturing and construction, sales, consulting, government and
management, and teaching” (Leckie, Pettigrew, and Sylvain,
1996; Kemper, 1990). These changes in work role influence the
type of information needed, the way information is sought, and

6.3 EFFECTS OF WORK ON INFORMATION SEEKING AND USE

79

the types of output expected. Design engineers want original, upto-date information, relying heavily on internal reports and test
results rather than the published literature. In a consulting role
they rely more on external market information about vendors and
customers. When an engineer takes on an administrative role, he
or she needs a wider variety of both external and internal information, including regulations, information on new technologies,
personnel records, and business information. R&D information
needs similarly vary with each stage of the project (Leckie, Pettigrew, and Sylvain, 1990).
Engineers in the workplace often have different communication
patterns than those in academia. Part of this is due to differing
roles: the focus on research and teaching in academia versus the
focus on production in industry. Network use is higher in academia and use increases with the amount of education. Engineers
who have teaching and research responsibilities tend to use computer networks more (Bishop, 1994). Academics read more journal articles and write much more than scientists or engineers in
industry (Tenopir and King, 2000a). However, aerospace engineers working in academic institutions and those working in industry are found to have similar information-seeking habits
(O’Flaherty, 1997).
Textual information is not the only type of written information
needed by engineers. A variety of graphical information, including plans, graphs, maps, structural layouts and so on. are neccessary for many engineering applications. An offshore-drilling platform, for example, requires 600,000 engineering graphical
documents (Rodriguez et al., 1994). These graphical documents
pose many unique access and storage problems, including the
physical management of paper-based materials and the massive
amounts of storage space required for digital versions.
Sometimes the internal colleague who assists the informationseeking process is an individual in the organization variously
called a “gatekeeper,” “boundary-spanner,” “high performer,” or
“hunter-gatherer” (Sonnenwald and Pierce, 2000; Kim, 1998;
Baird, Moore and Jagodzinski, 2000). The gatekeepers are more
oriented toward external information sources than the typical engineer and are often called on by others in the organization for information (Sonnenwald and Pierce, 2000; Kim, 1998). They read
more, conduct more online searches, make more formal presentations, and publish more articles than the average engineer (Son-
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nenwald and Pierce, 2000; Kim, 2000; Tenopir and King, 2000a).
Gatekeepers are scientists or engineers who know information
sources, have many contacts, and informally assist others in the
organization to seek for and locate all types of information. They
read, search online, present, and publish more papers than their
colleagues and are more familiar with external sources. As with
other sources of information that are valued by engineers, trust is
key. Trust in an individual’s knowledge and expertise is why his
or her expertise is sought. Young engineers whose supervisors
were gatekeepers were found to have a lower rate of turnover and
were promoted more frequently (Katz and Tushman, 1979; Lee,
1994). Young engineers fear they will hurt their reputations with
their peers if they ask for the information they need, so having a
supervisor that will help them find what they need seems to have
a direct effect on their success.
In academia, engineering faculty and students rely more on formal communication channels and use a broad range of information resources, including books, journals, and technical reports.
The library is an important source for these resources and databases and other finding aids are needed to locate them (Dessouky,
1994). Farah studied computer-engineering faculty in eight universities. Just as with industrial engineers, internal colleagues
are sources for information (62%). Colleagues at professional
meetings and other colleagues outside of their institution are also
frequent resources. Unlike industrial engineers, however, the
most frequently used information source was the university library (78%). Academic libraries within their institution were
most frequently cited as the most helpful information providers
for these engineers (Farah, 1993).
6.3.3 Additional Work-Related Factors Affecting
Information Seeking
Information-seeking patterns vary with the type of R&D projects.
The study of an R&D department by Ellis and Haugan (1997)
identified three distinct types of projects that influence patterns
of information seeking: For incremental projects, face-to-face communication was the preferred mode of information seeking, particularly with in-house personnel. They select information channels by asking others, through personal knowledge and
experience, and by consulting the library. The engineers need
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both broad knowledge and project-oriented in-depth knowledge
for problem solving, looking for particular equipment or methods,
comparing alternative solutions, and seeking ideas for their own
experiments.
For radical projects (those that go beyond existing knowledge)
R&D workers preferred communicating with more experienced
colleagues, contractors, and suppliers. They preferred internal
communication channels and used these channels before they
used databases to search the literature. However, they did turn to
published literature because “published literature is recognized
as the easiest means to get information and is often chosen ‘to
take the line of least resistance.’” Review articles and conference
proceedings were first. Conference proceedings were considered
poor quality and out-of-date, however, when compared with scientific journals. Engineers used scientific journals to keep up with
current developments, but they were considered to be time consuming to use and too out-of-date. Review articles were used for
interdisciplinary work and were often combined with online database searches. Ellis and Haugan also found that different types of
materials were sought depending on the type of radical project.
Research reports gave an overview of a field and internal information provided the commercial angle on such things as pricing (Ellis and Haugan, 1997).
Fundamental projects enhanced a company’s understanding
and provided a long-term perspective. A literature search was
usually the first approach in these projects because the topics
may be unfamiliar to the researcher. A library is the primary
source for this type of project followed by the researcher’s own
knowledge and experience. The information-seeking process in
these projects is highly interactive and includes both current
awareness and retrospective searching (Ellis and Haugan, 1997).
Ellis and Haugan found that information seeking was “most extensive in the initial phase of a project, when both formal and informal channels” were used. In advanced stages, researchers were
more selective and specific as they learned more about the problem. They observed that in the middle phases of a project the use
of formal channels decreased and person-to-person communication dominated. This changed again in the final phase when both
formal and informal channels were utilized, “mainly in the form
of a small literature search or through contacts with knowledgeable persons in the field to supplement the information already

82

FACTORS AFFECTING INFORMATION SEEKING AND USE

gathered. Information gathering is an iterative process, and recurring activities often take place when new situations occur over
the life of projects” (Ellis and Haugan, 1997). Other studies have
found slightly different results.
R&D researchers need the most information at the start of a research project as new ideas and new technologies are explored.
Hirsh reports that researchers need business and technical information at this early stage, which make external information resources more valuable, including journals, the Web, patent databases, business and news resources, and consultations with
librarians. They read more and spend more time sending and receiving email at this first stage of research (Hirsh, 1999).
The second stage of R&D projects is the development phase,
when the focus shifts from exploring new ideas to making technical breakthroughs. Hirsh (1999) found patent literature, technical
journal articles, and conference attendance were most valuable at
this stage.
After the development phase comes the transfer stage when a
product plan is developed with internal partners. At this stage, in
addition to technical journals and patents, researchers and managers
use
internal
information,
vendor
information,
textbooks/technical books, conference papers, interactions with
colleagues, and personal sources of information. At any research
stage participants spend little time on average searching the Internet or an intranet for work-related information, but 38% used
the Web (Hirsh, 1999).
Von Seggern and Jourdain (1996) found the priority order of information sources used in problem solving to be: personal store of
technical information, speaking with a co-worker or others inside
the organization, speaking with colleagues outside the organization, literature sources in the organization’s library, searching an
electronic database in the library, and speaking with a librarian
or technical information specialist.
Veshosky (1998) surveyed organizational and project managers
at top engineering firms in the United States to measure their attitudes toward innovation and the importance of information for
innovation. Project managers relied mostly on conversations with
colleagues within their workgroup both to keep up-to-date and to
help solve problems. Trade magazines were more important for
keeping up-to-date than for problem solving, and conversations
with external people (including clients, vendors, and colleagues)
were more important for problem solving.
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The value and choice of specific types of sources is not static.
Veshosky found variation during the problem-solving process. In
the early stages of the process, project managers favor “conversations with internal colleagues, consultants, subcontractors,
clients, and vendors and review of personal files.” In later stages,
they use textbooks and handbooks, codes and standards, industry
newsletters, and discussions with academic researchers (Veshosky, 1998). Figure 6.2 shows different sources throughout the
stages of the information-seeking process of innovating.
Some resources are rarely, if ever, used for problem solving.
These include professional conferences, short courses, regular academic courses, or conference proceedings. Other than conversations with various internal and external sources (which hold the
top four places), information sources used by the highest percentage of respondents “regularly or occasionally for problem solving”
are (in rank order): product literature, internal technical lectures,
internal technical reports, industry technical reports, trade magazines, and professional meetings or seminars. Demonstrations
were occasionally used by 55% of respondents, but 32% never
used them (Veshosky, 1998).
Information seeking varied with the complexity of the task, as
described by Järvelin. Figure 6.3 presents five categories of tasks,
ranging in complexity and information-seeking patterns.

Initial Sources

Early Sources

Sources for Details

Final Sources

Conversations with colleagues
Personal files
Conversations with consultants, subcontractors
Conversations with clients
Conversations with vendors
Internal technical reports
Reference librarian
Product literature
Textbooks, handbooks
Codes, standards
Industry newsletters
Conversations with academic researchers

Figure 6.2 Information-Seeking Behavior During the Problem-Solving
Process. Source: Veshosky (1998).
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Task Category:

A priori Determinability of:
Information
Needed

Process

Result

Genuine
Decision Task

Known, Genuine
Decision Task

Normal
Decision Task

Normal informationprocessing task

Automatic informationprocessing task
Figure 6.3

Task Categories. Source: Byström and Järvelin (1995).

6.4 EFFECTS OF ORGANIZATION POLICIES ON
INFORMATION SEEKING AND USE
Veshosky surveyed large engineering firms and found that some
had policies and procedures to assist engineers in locating information on innovations. These policies varied considerably, but included: assigning responsibility for information seeking to a specific group or individual; maintaining a file or database about
information relating to innovations (including lessons learned on
previous projects); preparing internal technical reports; conducting internal seminars; supporting internal libraries; encouraging
participation in professional activities; and encouraging interaction with vendors. One approach to improving engineering communications is to connect engineers who have created new technologies with information users who are unfamiliar with the
technologies. An approach used by C. P. Snow to connect the sci-
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ences and humanities is the basis for this approach (Amare,
2000).
Engineers and project managers tended to focus their efforts on
obtaining internal information only. Unfortunately many were
found to be unaware of the procedures within their organizations.
These procedures might have helped in obtaining valuable external information. Misguided policies can also adversely affect information seeking. Hertzum and Pejtersen (2000) found that companies recommended that engineers search for information first
in internal corporate archives to save time and money. But the
engineers were reluctant to search there unless they were looking
for specific materials that they already knew were in the archives.
Even then, some preferred to go directly to the original author of
the material and found this approach faster and more rewarding.
None of the interviewed engineers often used the next step in information seeking—searching for external sources either on their
own or through the library. Recognizing that engineers do not
make adequate use of online services for continuing professional
development, a new service was developed in Wales to support an
integrated online learning environment (Lloyds, Moore, and
Kitching, 2001).

6.5 EFFECTS OF PERSONAL CHARACTERISTICS ON
INFORMATION SEEKING AND USE
Personal characteristics cause variation in information seeking,
use, and creation. The most obvious is gender, but few studies
take gender into account as a possible variable in engineers’ communication patterns. Perhaps this is because engineering is still a
male-dominated profession. Women are a small percentage of the
320,000 professionals who are members of IEEE. This is unlikely
to change any time soon, because only approximately 20% of engineering students who graduated with a bachelor’s degree in 1999
were women. Additional factors reported in this chapter are
thought to have more influence on job-related communication patterns than gender, but some studies have examined gender as a
variable.
A recent study by the Goodman Research Group, Inc. (2002)
suggests that gender disparity in engineering disciplines, as opposed to fields such as medicine or law, is related to a lack of so-
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cial support and mentorship opportunities available to female engineering students. The Goodman report found that female engineering students who dropped out had left their programs even
though they performed well academically. Mentorship is an important element in engineers’ informal communication networks.
Goodman indicated that women, as students and professional engineers, need informal networks of communication and support as
much as or more than male engineers.
Kreth (2000) surveyed recent engineering graduates of an unnamed midwestern university to study their writing experiences
in industry and in coursework. She found gender differences, although her responses were more evenly split (85 men and 77
women) than the population of engineers. She cautions that many
of the differences found may have more to do with branch of engineering than gender. For example, very few female respondents
were electronics engineers, and electronics engineers are more
likely than other engineers to write specifications. Kreth found
that female industrial engineers spent the most time writing, followed by male mechanical and male industrial engineers. There
were also differences in preferred methods for improving their
writing. Women preferred sample documents and practice writing
in technical writing courses; men preferred feedback from coworkers or supervisors.
The most disturbing aspect of Kreth’s findings was the fact her
results “suggest that women students were doing more secretarial
types of writing tasks than their male counterparts.” She found
that a higher percentage of women wrote meeting notes (43% of
the women versus 32% of the men), memos (64% of the women
versus 57% of the men), and e-mail (40% of the women versus
33% of the men). However, she again cautions, “it is not clear that
these differences are solely accountable for by gender” (Kreth,
2000). In addition, a higher percentage of men wrote so-called
“prestige” documents, such as reports (71% of the men versus 53%
of the women), specifications (39% of the men versus 25% of the
women), and proposals (26% of the men versus 23% of the
women). Ercegovac (1988) studied gender differences among engineering students’ information literacy skills at UCLA. She found
male students more confident than female students in their
knowledge of engineering sources and services.
Some studies have found that older engineers are slightly less
likely to use computers or networks; however, this trend may
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have changed and is not unique to engineering (Al-Shanbari and
Meadows, 1995; Bishop, 1994). Others found that age is not a factor in adoption of electronic journals, although status of the individual may be (Pullinger, and Baldwin, 2002; Mahé, Andrys and
Chartron, 2000). Gupta, et al. (1981) found that research productivity among Indian scientists, as measured by number of papers,
books, or technical reports published, peaks when a scientist
reaches between 26 and 30 years of experience, when most researchers are in their late fifties, and then tapers off. In contrast,
productivity measured in terms of number of patents continues to
increase with professional age. Results in an earlier study by
Lemoine (1991) differed in that he found the number of patents
decreased with the age of the researcher, while journal articles
did not.
As an engineer matures and job responsibilities change, so may
the types of information sources needed. Engineers who have
been working in the same area for a long time rely on browsing
known sources such as relevant journals and conference proceedings to stay current (Hertzum and Pejtersen, 2000). As they move
into more business and managerial responsibilities they read
more business newspapers and magazines (Holland and Powell,
1995).

7
INFORMATION OUTPUT
BY ENGINEERS

7.1

INTRODUCTION

In Chapter 4 we discussed the engineering profession and the nature of engineers’ work. In Chapter 5 we described the information inputs to this work and the extent to which engineers sought
and used information. Chapter 6 discussed factors that affect engineers’ information seeking and use. In this chapter we describe
the information output from engineers’ work. This involves both
interpersonal (i.e., oral) and written channels of communication.
Interpersonal communication may involve such channels as informal discussions; providing substantive advice or consultation; research and other presentations; proposals or plans; and formal
workshops, seminars, or university classes. Channels may target
audiences that are either internal or external to the engineers’ organization; however, engineers tend to communicate more internally than externally. Written communication channels include
formal publications intended for external audiences such as scholarly and trade articles, conference proceedings, books, and patent
documents. Technical reports, proposals, or plans are written for
either internal or external consumption.
Engineers devote a substantial amount of time to communicating through interpersonal and written channels. In fact, from
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King Research surveys, we estimate that engineers in industry
and government devote about 690 hours to communicating information outputs. It is interesting to note that engineers spend
more time communicating information output than inputting information. That is, engineers spend 690 hours per year in information output versus about 550 hours in information input.
Pinelli, et al. (1989) reported evidence that aeronautical engineers spend 13.95 hours per week communicating technical information to others and 12.57 hours working with technical communications received from others, supporting to the above assertion.
Obviously one purpose of formally recording (or orally communicating) the output of one’s work is to provide evidence of accomplishment; however, there are other consequences that undoubtedly far outweigh that purpose. One reason is to gain feedback from
others, and this is particularly well achieved by talking. A longerrange beneficial consequence of this is the consumption and use of
information by others. Thus, professionals communicate the results of their work for a variety of purposes in different ways (internal, external, formal, informal). Documenting one’s research is
an essential part of research in that the discipline of writing is, in
itself, part of the creative process and often leads to new ideas.
Documentation also satisfies researchers’ needs for recognition
and should record their research accomplishments.
Substantial evidence suggests that today’s engineers spend a
large proportion of their time communicating information output
from their work and that good writing and oral communication
skills are critical for success. Products and processes of engineering are communicated at every stage of the engineering cycle and
effectively communicating may determine success and failure. In
fact, Gunn (1995) of Michigan State University argues that “without communication there is not engineering.” Levitt and Howe
(2000) claim communication skills are as important as technical,
analytical, and problem-solving skills “because information becomes knowledge only when conclusions drawn from analyses
and/or potential solutions to problems are communicated to those
who need to make decisions or implement solutions.” Engineers,
like all technical professionals, can accomplish more if they communicate effectively (Cerri, 1999). Engineering educators are increasingly aware that good communication skills must be an integral part of today’s engineering curricula (Williams, 2002).
In this chapter we describe the channels used by engineers to
communicate the information output of their work and the re-
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sources and tools used by them. We also discuss written communication channels in greater detail, describing their importance,
problems observed in writing, and some solutions. In Chapter 8
we discuss ways in which education can change to enhance the vital communication processes of engineers.

7.2 CHANNELS ENGINEERS USE TO COMMUNICATE
INFORMATION OUTPUT
Engineers use several channels to communicate information.
Table 7.1 gives estimates of the extent to which these channels
are used by industry and government engineers involved in surveys by King Research.
Pinelli, et al. (1988) observed similar outputs for aeronautical
engineers they surveyed: technical reports (7.0 reports vs. 5.1
above), proposals (3.6 vs. 2.2), specifications (6.4 vs. 5.2), computer program documentation (2.6 vs. 2.5), scholarly and trade journal articles (1.4 vs. 0.1), conference proceedings (2.2 vs. 0.5), and
memos (57.6 vs. 19.0). The latter three outputs may be higher in
Pinelli’s surveys because university engineers are included.
Technology, globalization, and the growth of interdisciplinary
projects are changing the engineering workplace. These changes
impact the expectations for communication by engineers, with a
variety of oral and written outputs now a critical part of all types
of engineering jobs. Few would disagree with Burdan and
Strother (1995), who claim that “communication skills have become an essential element for employability in today’s business
world,” regardless of the job area. A survey of 67 companies and
government agencies in 1994 found that good communication
skills were among the top six most important attributes looked for
in recruiting and hiring (Miller and Olds, 1994). Blake (1998) believes that billions of dollars are lost in terms of corporate productivity and profitability yearly when engineers have problems with
written communication.
Many agree that many, if not most, engineers have trouble
writing and speaking clearly. A survey by Mahan, et al. (2000)
found that industry is looking for good communicators, but many
engineers are unable to present ideas clearly, describe the reason
behind communicating, or link sentences into logical paragraphs.
They reported long, rambling reports that are not well organized
and relied on too much jargon. Robar (1998) reported on common
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Table 7.1 Average Annual Output by Industry and Government
Engineers by Type of Output: Observed, 1986–1996
Type of Output
Oral Communication
Substantive consultation, advice (times given)
Presentations about research and other work
(no. of presentations)
Internal meetings
External meetings
Presentations about proposals/plans
Internal meetings
External meetings
Workshops, seminars, university classes
Internal meetings
External meetings, classes
Written Communication
Scholarly journal articles (no. of articles)
Sole author
Co-author
Books (no. of books)
Sole author
Co-author
Patent documents (over 5 years) (no. of patents)
Application sole author
Patent granted sole author
Application co-author
Patent granted co-author
Other publications (e.g., conference proceeding)
Sole author
Co-author
Technical reports (no. of reports)
Specifications (no. of specifications)
Computer documentation
Written proposals, plans (no. of proposals)
Memos
Other Communication
Publications edited, reviewed, refereed
Contacts with suppliers, vendors, etc.
Letter
Telephone
Visit

Amount of Output
240

4.0
0.3
15.9
11.1
0.4
0.3

0.01
0.04
0.001
0.003
0.25
0.07
0.65
0.19
0.11
0.60
5.1
5.2
2.8
2.2
19.0

0.9
1.7
6.2
1.8

Source: Surveys at: AT&T Bell Labs, Air Products & Chemicals, Inc., Baxter Healthcare,
Eastman Chemical Co., Eastman Kodak Co., National Institutes of Health, Procter &
Gamble Co. (n = 252).
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barriers to communication by engineers, including: lack of knowledge or experience; poorly defined ideas; messy written communications; one-sided or inappropriate communication; failure to
bridge differences in values, attitudes, or perceptions with the audience; and poor listening skills. Although well-written reports,
feasibility studies, memos, and letters enhance the image of a
firm, engineers are rarely taught how to write well, let alone
styles of writing for specific document types (Schillaci, 1996).
The engineering research process may produce multiple versions of an idea, each of which may be in different formats, media,
and levels of detail, and each requiring a different type of oral or
written expertise and style. Written and oral communication may
be in informal or formal modes. According to Ercegovac (1988) ,
an original idea goes through distinct developmental stages, perhaps starting at an informal presentation in a university class,
where nothing is written. As the idea matures, the researcher
may decide to present the idea as a “work-in-progress” at a conference. Next, the idea may be conceptualized into a short paper or
case study or pilot study. This paper will be included in conference proceedings, indexed and, for the first time, a bibliographic
record of the title, authors, affiliations, and so forth. will be
recorded. The work then progresses through other technical formats, “each having distinct characteristics and access mechanisms.” These other formats may include technical reports, conference papers, dissertations, journal articles, chapters in books,
patents, books, and articles in encyclopedias (Ercegovac, 1988).
Various levels and types of oral communication may be added to
each stage in Ercegovac’s model, including communicating the
idea in face-to-face meetings, over the telephone, and so on (see
also Figures 2.1. and 2.2).
Communal writing is a feature of engineering design teams. In
R&D or design situations, multiple forms of communication are
particularly important for project success. Kim (1998) reported
many studies over the years that found that “high performers on
research projects had extensive communication with project team
members.” Teamwork depends on good interpersonal skills, as
does the ability to talk to customers and clients (Owen, 1999).
Engineers who can communicate well are more likely to find
employment, be promoted, and advance throughout their careers
(Robar, 1998). According to Robinson (2000) the “new model” of
engineers who have better communication skills are “winning the
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top jobs in high-tech firms.” Similarly, managers who communicate well help reduce stress among the staff (Guindon, 1994). Surveys in many countries over the years found productive research
scientists and engineers are more involved in communication
than their less-productive peers (Al-Shanbari and Meadows,
1995; Lufkin and Miller, 1966; Griffiths and King, 1993; Tenopir
and King, 2000a).

7.3 RESOURCES AND TOOLS ENGINEERS USE FOR
COMMUNICATING INFORMATION OUTPUT
As with information input, the most important resource used by
engineers to communicate the information output from their work
is their time. Surveys by King Research involving engineers in industry and government suggest that they spend substantial time
communicating through various channels.
Engineers in industry and government are estimated to spend
nearly one-third of their time communicating the information out-

Table 7.2 Average Annual Amount (Hours) and Proportion (%) of Time
Spent by Engineers in Communicating the Information Output from
Their Work by Channels Used: U.S. 1986–1998
Time Spent
Type of Channel
Informal discussions*
Consulting/advising others
Internal presentations
External presentations
Writing
 proposals and plans
 technical reports
 articles, books, etc.
 programs, software
Total Output

Hours

(%)**

104
222
99
24

4.9
10.4
4.7
1.1

92
117
12
17
687

4.3
5.5
0.6
0.7
32.2

*Assumes that one-half of informal discussions (52 hours) is spent in communicating information and the other half in receiving.
**Proportion of time spent is based on an average of 2,128 hours spent annually by engineers on work-related activities.
Source: Surveys at: AT&T Bell Labs, Air Products & Chemicals, Inc., Baxter Healthcare,
Eastman Chemical Co., Eastman Kodak Co., National Institutes of Health, Procter &
Gamble Co. (n = 252).
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put from their work and about one-third of this time is spent writing. That is, much of their valuable time is spent writing, making
this an important engineering activity that should not be ignored.
Engineers use other resources for communicating, such as support staff and equipment (e.g., word processors, printers, photocopiers, projectors, video, telephones, CDs, etc.).
E-mail has reinforced the need for good writing skills (Mahan,
et al., 2000) and face-to-face meetings are being replaced, or at
least enhanced, with information technology (Skeris, 1998). Email is increasingly used to overcome “the limitations of face-toface communication; to communicate with others in distant cities;
to distribute general and technical information to a large number
of people”; to discuss complex problems; to help structure arguments; to refine and distill a message; and to create an electronic
paper-trail (Zimmerman, et al., 1994).
Many authors, particularly those writing in engineering journals or conference proceedings, point out that engineers now use
(or should use) the Internet, intranets, e-mail, the Web, and so
forth, to look for information, to share information, and to store or
organize it (Sabharwal and Nicholson, 1997; Mathieu, 1995; Hallmark, 1995; Hoschette, 2000; Bender, et al., 1997). Others report
on the utility, albeit anticipated utility, of internal electronic information management systems for engineering companies
(Skinder and Gresehover, 1995; Yeaple, 1992).
Lack of standardization of data exchange also implies effective
communication, especially between engineering teams that are
geographically dispersed, as well as among others who might use
different systems. Models for data exchange developed under the
SEDRES project (Johnson, et al., 1999; Herzog and Törne, 1999;
Harris and Candy, 1999) show that standardized information
models increase the ease and speed with which information is
shared between engineers. This project may serve as an example
to be emulated. However, technological solutions cannot overcome
the problems created by poorly constructed input. Thus, education that emphasizes clear speech and good writing is a fundamental step.
7.4

COMMUNICATING THE WRITTEN WORD

Documenting is an especially onerous chore for most engineers.
Button and Sharrock identified many reasons for this. First, docu-
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mentation is perceived to be a clerical task rather than a proper
engineering or design problem-solving task. It is seen as superfluous and not an integral part of their work. Finally, it is regarded
as not being integral to the completion of the task, and therefore
it can be postponed or never done at all (Button and Sharrock,
1996).
Engineers are responsible for multiple outputs across many audiences, all of which may require different skills and levels of expertise. Although the amount of communication output varies by
the branch of engineering, written communication includes short
documents that must convey important information concisely (including memos, instructions, e-mails, meeting minutes, and letters) and more lengthy, formal documents (“prestige documents”),
including reports, documentation, proposals, and specifications
(Kreth, 2000).
A survey of design engineers in the United Kingdom revealed
that they recorded their decisions and design ideas in a variety of
media, including diaries, memos, reports, logbooks, files, drawings, and on the computer (Court, Culley, and McMahon, 1994b).
Australian manufacturing engineers communicate through several output channels, including: letters, faxes, memos; technical reports; documents; management reports; and proposals (McGregor, 2000). These documents were “seldom the result of a single
individual’s ideas, knowledge or text. Instead, they are complex
amalgams of the work of multiple authors formed according to
corporate standards” (McGregor, 2000).
Pinelli, et al. (1988) summarized some aspects of the importance of writing. They reported on a survey by Davis to determine
the importance of technical communications to “successful” engineers. Approximately 96% (134 respondents) indicated that the
writing they did was either very important (51%) or critically important (45%) in their position, while none of the respondents indicated that their writing was unimportant. Eighty-nine percent
of the respondents stated that the “ability to write is usually an
important or a critical consideration when a subordinate is considered for advancement.”
Spretnak (1982) conducted a survey in 1980, entitled “Technical Communication and the Professional Engineer,” that was
mailed to 1,000 engineering alumni of the University of California, Berkeley, which asked the question, “Do you have any general comments about the importance or relative unimportance of
writing and speaking skills in engineering careers?” None of the
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respondents indicated that writing and speaking skills were
unimportant. Excerpts from the responses to Spretnak’s openended question include:
 Technical communications is the key to success for every engineer.
 Writing is the most important skill an engineer can possess.
 Writing and speaking should receive the same attention as
technical training.
Seventy-three percent reported that good writing skills aided
their advancement, 95% said they would consider writing ability
in deciding whether to hire or promote an engineer, and 42% of
the total respondents said that they would weigh writing and presentation skills “greatly.”
The importance of writing to engineering and science students
is echoed by Davis (as quoted from Davis, 1975), who states:
The single, greatest complaint our students make when polled
about their undergraduate preparation consists of questions of the
form: “Why didn’t you teach us how to write?” They have found,
much to their amazement, that one of their main jobs in the “real”
world is writing, and that they are woefully unprepared to fulfill
that part of their duties.

Davis reported that respondents to his study spent approximately
25% of their time in technical writing and approximately 30% of
their time working with technical writing of others. Approximately 63% of the respondents reported that as their responsibilities
increased, so too did the time they spent writing, and 94% of the
respondents explained that they spent more time working with
written material as their responsibilities increased. According to
Davis, “As their responsibilities increased, respondents spent less
of their time developing actual details of specific jobs and more
time considering the work of others, making decisions from it, and
inaugurating and carrying out appropriate action.”
Some technical writers and engineers offer ways to improve
poor writing by engineers in the workplace. Writing to the audience and avoiding jargon are two important ways to improve writing (Spencer and Floyd, 1995). Blake (1998) conducted technical
writing seminars for working engineers to help address these
problems. He pointed out that engineers often experienced problems with writing, including poor organization skills and using
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“hedging” or “weasel” words. Short workshops and practice can
overcome these obstacles.
Recognizing that different forms of communication have different requirements is another way to improve effectiveness. Good
correspondence can sell projects to upper management and improve relationships with internal and external customers. Concise
writing, neatness, and correctness in memos and letters demonstrate professional competence (Vincler and Vincler, 1997). The
MIT Guide to Science and Engineering Communication (Paradis
and Zimmerman, 1997) covers basic writing and organizational
techniques, plus it teaches engineers the best practices for creating a variety of information outputs. There are separate chapters
for graphics, meetings, memos, letters, e-mail, proposals, progress
reports, technical reports, journal articles, electronic texts, oral
presentations, and job-search documents. A Guide to Writing as
an Engineer (Beer and McMurrey, 1997) also addresses the basics
of writing well within the specific context of engineering.
Placing a technical writer on a project team at the outset of a
project is recommended by some to help improve product documentation (LeVie, 1997). LeVie cautions technical writers to empathize with engineers’ disdain of writing, not to pass judgment
on their writing, and explicitly state requirements ahead of time.
In teams of five to eight, a technical communicator as project
leader can improve misunderstandings, conflict, or crossed purposes (Robinson, 1997).
Management can influence the quality and timeliness of documentation by emphasizing its importance. Button and Sharrock
recommend “morally” upgrading “documentation by making it a
responsibility to current colleagues, future colleagues, the professors, the population of users, and to the employing organization.
The engineer may not like documenting but should recognize that
it is important and that it should be recategorised amongst the responsibilities of the profession so that he/she is morally obligated
to document.” (Button and Sharrock, 1996). Tips for technical
writers plus workshops, guidebooks, and articles on how to improve engineers’ writing and oral presentations are all attempts
to correct existing deficiencies. Educators in schools of engineering around the world are devising courses or curricula that will
tackle the problem before new engineers get into the workplace.
Chapter 8 delves into the role of education in addressing communication skills.

8
ENGINEERING EDUCATION AND
COMMUNICATION SKILLS

8.1

INTRODUCTION

Throughout the 1990s, schools of engineering grappled with how
best to incorporate communication courses into their curriculum.
Faculty, students, and practitioners widely recognized that both
written and oral communication skills were critical for practicing
engineers and engineering education was not satisfying those
needs. As summarized by Carlson (1999), the “changing realities
of the workplace and growing awareness of language in the learning process place added emphasis on Technical Communication in
the modern engineering curriculum.” During the 1990s, engineering educators introduced many changes, including a renewed emphasis on client-centered design projects, moving toward integrated curricula (Williams, 2000), and focusing on improving
communication courses and skills.
Though engineers spend much of their time writing and speaking, they have not done it very well. The decade of the 1990s was
a time when engineers’ communication skills became the subject
of intense scrutiny. Technology has increased the need for better
communication skills because engineers now communicate
through a growing array of ways to an increasing range of audiences. The accreditation criteria established by the Accreditation
Board for Engineering and Technology’s Engineering Criteria
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(ABET EC2000) specifically mention the importance of communication skills and have driven the move to improve engineering
curricula in North America (Williams, 2002). The importance of
improving how engineers write and speak is not limited to the
United States and Canada, however. Experts from around the
world are stressing the need to find ways to help engineers improve their communication skills. The development of new communications technologies, an increasingly global marketplace,
and an increased emphasis on teamwork all illustrate the need to
improve the written and oral communication skills of engineers in
industry, government, and academia.

8.2

IMPROVING ENGINEERS’ COMMUNICATION SKILLS

Engineers need expertise in a variety of communication skills in
today’s workplace. As described earlier in this book, engineers
need to know how to write in a variety of types of materials, including technical reports, specifications, patent disclosures, feasibility studies, memos, and e-mail (Schillaci, 1996). Oral communication skills are required for face-to-face communication,
telephone, and formal presentations. Most agree that engineering
education has not adequately prepared engineers for their communication responsibilities.
Vest, Long, and Anderson (1996) undertook a national survey
of electrical engineers to determine whether they felt their education had adequately prepared them in regard to communication
skills. Surveys were sent to student electrical engineering members of IEEE in the United States, specifically those who joined
IEEE in 1985 or later, restricting the replies to relatively recent
graduates. The mean graduation date of the respondents was
1986. Respondents reported that their engineering programs
“rarely required them to demonstrate skills in public speaking,
presentation, or interpersonal communication” and their preparation in these areas was “poor.” Skills in group communication,
general writing, and technical writing were “sometimes” required
and their preparation in these areas was “adequate.” Approximately 69% of the respondents took a composition course outside
the engineering department, about one-half had taken technical
writing, and about one-third took public speaking. Few enrolled
in business writing, interpersonal communication, or group com-
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munications courses. More recent graduates reported increased
emphasis on engineering courses, group communication skills,
public speaking, and senior projects. Over half completed a senior
design project, with half of these working alone rather than in
groups and over half (59%) presented their project orally to the
class.
The electrical engineers who responded to this survey recommended that engineering students learn communication skills
within engineering courses and through courses outside schools of
engineering. The skills they most frequently recommended were
technical writing, presentation skills, and public speaking. About
half recommended courses in group communication and “virtually
all of the engineers advocate including either formal or informal
teamwork experience in the engineering curriculum.”
Colorado State University began a five-year project to improve
communication skills of electrical engineering students. The university surveyed students, recent graduates, and faculty. The survey revealed that students generally believed they had good writing skills and were highly skilled in using personal computers.
Faculty concerns about students’ communication skills focused
mostly on graduate students, however. Recent graduates report
“their primary communication modes are face-to-face discussion
and electronic mail” (Zimmerman et al., 1993).
Surveys of faculty and students at Michigan State University
found that both faculty and students felt engineering students
had trouble communicating. Particular areas of difficulty included grammar, punctuation, and spelling. Other concerns included
“lack of organizational skills, unclear expression of ideas, poor
verbal skills, difficulty with writing introductions and conclusions, and weak logic.” These surveys and earlier interviews
with recent graduates have implications for improving engineering curricula. Engineering programs should require courses that
include communication skills at least in technical writing and
public presentations, and grading should “strongly reflect the
communication competence of the student.”
Other experts and studies recommend additional ways to improve engineering curricula. Engineering students should also
broaden their cultural literacy awareness and sharpen their ethical consciousness (Batts, 1995); technology, such as computer-assisted class notes, self-paced learning tools, and simulated experimentation, should be used in engineering courses to improve
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communication skills (Chang, McCuen, and Sircar, 1995; Hawthorne, 1999); and there should be inclusion of more written assignments with better feedback, as well as pairing of graduate
and undergraduate students to focus on improving communication skills (Gunn, 1995, 1998).
A cooperative program between Arizona State University and
Temple University was initiated so students could learn how to
work with diverse colleagues from a distance in long-distance collaborative workteams (Barchilon and Baren, 1998). Although the
experience was not entirely successful for all the students, seniors
from each university worked together to simulate the workplace
reality of geographically distributed workteams.
In the spring of 2001, Cornell University and Syracuse University School of Information Studies were jointly awarded a $2.5
million research grant by NASA in order to develop a state-of-theart virtual learning environment for engineers and engineering
students. The goal of this project is to use cutting-edge information technologies to create educational and training situations
that improve the abilities of engineers to collaborate on complex,
multidisciplinary projects, despite being geographically dispersed.
These efforts reached a peak in 2000 and 2001 in anticipation of
the new Accreditation Board for Engineering and Technology’s
Engineering Criteria 2000 (ABET EC2000) standards that went
into effect in the fall of 2001. (See http://www.abet.org.) Six of the
11 criteria of the new standards are described by Williams as “soft
skills” rather than technical abilities. She believes “this shift in
emphasis” will “have a significant impact on technical communication programs and pedagogy” (Williams, 2000). Learning outcomes
are emphasized and evaluation criteria are more flexible, allowing
more variation and experimentation in engineering programs (but
also creating more confusion among some).
Several ABET EC2000 criteria stress communication-related
outcomes, rather than technical engineering skills, including: “an
ability to function on multi-disciplinary teams”; “an understanding of professional and ethical responsibility”; “an ability to communicate effectively”; “the broad education necessary to understand the impact of engineering solutions in global and societal
context”; “a recognition of the need for, and an ability to engage in
life-long learning”; and “a knowledge of contemporary issues.” All
schools in North America are reevaluating their curricula to meet
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the ABET expectations of an interdisciplinary curriculum that
will be “responsive to the needs of industry and provide an effective background for technical professionals who must solve complex problems in the global workplace” (Williams, 2000).
Later Williams developed five principles for engineering portfolio development as follows:
1. Defining engineering communication (or any other learning
objective)
2. Identifying appropriate skills and mapping them in the curriculum where they are currently (or should be) developed
3. Correlating portfolio learning objectives to course and program objectives
4. Facilitating opportunities for students to reflect on their
learning
5. Assessing student learning so that students, faculty, and
programs can benefit and improve
The article addressed these five principles to offer guidance to engineering faculty (Williams, 2002).
There have been many approaches to improving communication skills of engineering students over the years. Engineering
students have been the beneficiaries of university-wide approaches focused on assisting all students. These approaches have included: Writing Across the Curriculum movements, writing centers to help individual students, required freshman composition
courses, and writing intensive courses (Gunn, 1995; Williams,
2000, 2002). The July 1999 issue of Language and Learning
Across Disciplines was a special issue devoted to “Communications Across the Engineering Curriculum,” and the Journal of Engineering Education continuously describes efforts to improve engineering education (Randolph, 2000).
Many colleges and universities have described their innovative
approaches to enhancing the communications components of their
curriculum, but there is no consensus as to the best approach.
Three main approaches are used: (1) requiring separate communications courses taught by faculties of technical communication
or English; (2) integrating communication skills into engineering
courses; (3) relying on internships or projects that teach writing.
The first approach, that of separating communications courses,
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is now thought ineffectual or, at best, antiquated, though it was
the favored approach from the late 1940s through the 1980s. As
the discipline of technical writing developed, most now believe
separation of communication skills removes engineering context
and decreases students’ motivation to learn. Academic trends now
“increasingly place technical writing instruction within science
and engineering classrooms in an attempt to reunite knowledgemaking and communication” (Longo, 1997). Engineering faculty
may not be expert communicators, however, so technical writing
experts fear faculty may teach communication skills incorrectly.
Also, engineers worry about their capability to teach communication in addition to technical material. Williams recommends overcoming the “silo mentality” that separates communication and engineering. Technical communicators working with engineering
faculty may be the best combination, providing students with
multiple options.
The integrated approach may be implemented differently, including: (1) ongoing incorporation of communication skills into engineering classes from the freshman year; (2) offering elective
courses focusing on communication skills to be taken either as an
undergraduate or graduate student; or, (3) incorporating more
communication skills and teamwork into a required senior design
project.
Colorado State University added writing to freshman electrical
engineering courses by having the required course co-taught by
two professors. One taught technical material, and one the writing. Each counted the course as a full course in their teaching
load (Mahan, et al., 2000). Writing instruction in the first year of
engineering “allows us to establish, early on, our high expectations with respect to report writing for all the engineering courses” (Mahan, et al., 2000). In subsequent courses the instructor’s
expectation will reinforce the importance of effective communication to engineers.
Engineering schools at many other universities start communications education in the freshman year. The University of California at Santa Barbara, University of Washington, University of
Massachusetts, and University of Hawaii are just some of these
(Marsh, 1998; Plumb and Scott, 2000; Poli, 1996; Nojima, 1998).
At the University of California at Santa Barbara a full-year engineering writing sequence is required for first-year students. The
first quarter includes basic writing and research skills in the en-
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gineering context. The second quarter builds on these skills and
includes skills engineers need to market themselves, including responding to RFPs. The third quarter requires students to publish
their work on the Web (Yatchisin, et al., 1998). Other schools emphasize communication skills within a senior capstone course or a
senior design project (Dyke and Wojahn, 2000).
Many universities stress the need for an interdisciplinary approach to integrating communication skills with engineering content. The University of Hartford College of Engineering explores
communication in a new interdisciplinary course entitled “Engineering Practice” (Nagurney, Keshawarz and Adrezin, 2000). The
University of Hawaii revitalized their engineering curriculum in
the late 1990s after a survey of faculty, alumni, and students revealed the importance of oral, written, teamwork, and interpersonal communication skills. They feel an interdisciplinary approach is important to meet their expectations. Beginning in the
freshman year students are exposed to a curriculum that emphasizes communication skills through repeated practice, cooperative
learning strategies, and skills-infused courses.
The U.S. Coast Guard Academy now relies on Writing Across
the Curriculum throughout the four-year engineering curriculum.
Although this approach adds responsibilities to each engineering
faculty member, it has succeeded. Realistic assignments build in
complexity throughout the four years and include such information outputs as writing letters, journals, lab reports, essays, sales
brochures, and design projects. Seniors must write a publicationquality report as part of their capstone design project (Hiles and
Wilczynski, 1995). The University of Texas at San Antonio includes communications emphasis throughout the engineering curricula and selects texts that address composition, technical writing, oral communication skills, visualization, and graphics (Levitt
and Howe, 2000).
Hurst and Blicq (1994) recommend a modularly formatted communications course in two intense modules. The first module covers oral and written communication skills at a macro level in the
context of engineering; the second takes a micro approach focusing on good writing and oral communication in the workplace.
Providing a context seems to better motivate students and they
learn not only how to write and speak better, but how to write and
speak like an engineer. Georgia Tech’s School of Chemical Engineering offers an undergraduate course that includes oral and
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written communication in the context of a bioengineering case
study that simulates the workplace. Professional engineers are
brought in weekly as guest speakers and students gain experience
writing press releases, abstracts, and patent disclosures and
speaking publicly to different audiences. The course succeeds in
its teaching objectives, but as an elective course not many engineering students choose it (Prausnitz and Bradley, 2000).
Second-year electrical engineering students at Rose-Hulman
Institute of Technology in Terre Haute, Indiana take a course
that exposes them to team projects and improves oral and written
communication skills. This is coupled with another cross-disciplinary course in Technical Communication that is taught on the
Web in five modules. Each module highlights specific information-processing skills, including: document design, interpreting/
presenting data, integrating text and graphics, audience analysis
and persuasion, and information and audience engagement
(Berry and Carlson, 1999).
Teaching methods influence how well students learn communication skills. A survey of senior and graduate civil engineering
students at Lamar University found that students do not support
the traditional lecture method of instruction, but prefer a combination lecture/discussion/problem-solving method, which might
include working in teams and class discussion instead.
The cooperative (co-op) approach to learning communication
skills is recommended by several educators (Lee, 1994; Kreth,
2000). A co-op experience is typically taken during the senior year
and involves working with an engineering company in an internship arrangement. Emphasizing oral and written communication
in the co-op provides a context and real-world experience, although basic communication skills must be mastered before the
co-op experience.
Kreth (2000) recommends the cooperative internship approach
combined with formal coursework. A survey of co-op graduates revealed they gained experience in writing reports, memos, instructions, e-mail, letters, specifications, and proposals during the internship. Learning to write like an engineer during a co-op
requires feedback from supervisors, writing in engineering courses, feedback from co-workers, and viewing sample documents.
Only one-quarter of the respondents to the survey had taken a
separate technical writing course and most said such courses are
not helpful. Kreth concluded that engineering students benefit
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more from discipline-specific writing taught during the co-op experience than from general writing courses.
A client-centered senior capstone experience is now required in
many colleges of engineering. At New Mexico State University
this course was made multidisciplinary in 2000, pairing mechanical and industrial engineering students with technical communication students to work in a team environment. Although not entirely successful yet, the more closely the technical
communicators worked with the engineers from the beginning,
the more they were valued in the team (Dyke and Wojahn, 2000).
Senior capstone courses in most universities include engineering students working independently or in teams with industry
clients. In a survey of recent electrical engineering graduates,
over half completed a senior design project, but only half of these
worked in project teams. Slightly more than half (59%) present
their project orally to the class (Vest, Long, and Anderson, 1996).
Improving engineering education is not just a concern in North
America where ABET accreditation drives curriculum development. Engineering projects and companies are increasingly global
and need a staff that can work in other countries or with team
members in other countries. Dlaska (1999) and Vaughan and
Shipway (1995) recommend that departments of engineering and
science in the United Kingdom work toward closer integration of
engineering content with foreign language courses and cultural
awareness to better prepare engineers to work abroad.
Australian engineering students and practitioners also need to
improve their communication skills. The Institution of Engineers
in Australia identified core communication competencies needed
by all engineers. These are similar to, but more specific than, the
ABET EC2000 communication standards. Australian engineers
should be able to: (1) communicate effectively in the English language; (2) present, report on, and advocate engineering ideas; and
(3) prepare, comprehend, and communicate engineering documents. Specifics under each core competency include good oral
and written skills, the ability to interpret information and ideas,
and skills in presentation, lectures, reports, and so forth (McGregor, 2000).
Integrating communication into engineering courses is used
and highly recommended by Nanyang Technological University in
Singapore (Collins, Li, and Cheung, 2000). They believe that separate courses are ineffective because the academic training and
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experience of writing instructors “is far removed from that of engineering,” making it difficult for them to develop assignments
that are relevant to professional engineering. Nanyang’s “taskbased approach” relies on integrating engineering content and
context with communication skills. Assignments that are relevant
to the engineering workplace increase the motivation of students
to learn.
As the engineering community becomes increasingly global and
communications-intensive, schools like the University of Technology in Sydney, Australia will stress communication throughout
their engineering curriculum, emphasizing multicultural, collaborative models. Communications modules are being developed that
can be used throughout the engineering program and will include
team writing, debating, negotiating, teamwork, writing for publication, writing research reports, and reading and interpreting
trade literature. The modules are being developed by the Communications Consulting Program for the faculty of engineering,
where communications team members serve as guests or consultants to the engineering experts. Each module would include
ways to integrate it into coursework with suggestions for relevant
research projects and with theoretical background papers for the
engineering faculty (McGregor, 2000).

8.3 IMPROVING THE USE OF COMMUNICATION CHANNELS
AND SOURCES
Many skills in written and oral communication are age-old skills,
but today’s engineering students need to incorporate information
technologies to bring their communication skills up-to-date. Civil
engineering educators and practitioners met to discuss ways to
improve civil engineering education in the United States. They
concluded that “today’s basic workplace skills are totally different
from yesterday’s” because “technology has changed both the face
of the workplace and the level and types of skills graduates will
need when they enter it” (Bakos, 1997). They recommended that
the Web be used more in classes and conventional teaching/learning be merged with new technologies, because “communication
skills can no longer be identified simply as verbal or written.” Engineering students also need to learn to work in teams and learn
Web communication skills (Bakos, 1997). Computer-engineering
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undergraduates in Singapore tended to prefer printed materials
and, surprisingly for this discipline, the use of databases and electronic journals was quite low (Majid and Tan, 2002).
Whitmire, in a recent study at the University of Wisonsin at
Madison using the Biglan model, observed that engineering undergraduate students relied less than students in other disciplines on library sources of information (Whitmire, 2002). Curl
suggests reexamining a model developed by Subramanyam to improve information literacy instruction for engineering students,
particularly their understanding of the structure of information
(Curl, 2001).
An innovative experiment at the University of Michigan paired
library and information graduate students with first-year engineering students. The LIS students served as mentors to the engineering students and taught them about relevant information
sources. The experience revealed that “information seekers are
frequently unwilling to invest as much time as may be necessary
to solve their information needs” and “information seekers may
not be so enthusiastic about conducting searches as are information professionals” (Holland and Powell, 1996). Another experimental tactic at Michigan was an Information Resources course
taught by librarians for senior engineering students (Holland and
Powell, 1995).
Preferences for certain types of materials start while engineers
are still in college. Senior engineering students at the University
of Michigan prefer their own personal libraries and word of
mouth, although a majority also read professional literature and
technical materials. Personal knowledge and the knowledge of the
members of their working group are highly regarded information
resources, as are competitors and informal contacts (Holland and
Powell, 1995).
An information resources course was offered as an elective to
senior engineers at the University of Michigan, providing an opportunity for Holland and Powell to compare the sources used
and valued by students who took the course versus those who
did not. Those who took the course subsequently spent 50% more
time searching for information and reading than those who did
not: 22 hours per month looking for course-takers versus 12
hours for non-takers and 33 hours per month reading by coursetakers versus 23 hours for non-takers. Preferred information
sources were similar for both groups, but those who took the

110

ENGINEERING EDUCATION AND COMMUNICATION SKILLS

course rated company librarians more highly than non-takers
and showed more interest in nearby college and public libraries.
They were not, however, more likely to consult a librarian. In
addition, they knew of a broader range of professional technical
literature and were more likely to use external information
sources (Holland and Powell, 1995).
Poor organization of engineering literature may also contribute
to the problems that engineers have using libraries. According to
Holland, engineering materials are “profuse, diverse, and sometimes obscure.” In some engineering specialties, such as computer
architecture and electronics, the half-life of the literature is relatively short, leading Holland to conclude that “as a result, current
information is valued, but substantial backfiles in most subspecialties can be a space-wasting dust catcher.” Librarians at Texas
A&M engineering collection report that it is difficult to locate
technical information from engineering organizations due to poor
indexing or cataloging and inconsistent naming conventions; papers may be called publications, preprints, reprints, transactions,
proceedings, or articles. Still, professional societies are trusted information sources and engineers use them with confidence that
technical information from societies will help serve their information needs and help to keep them up-to-date (Holland and Powell,
1995).
Holland and Powell’s study shows that the time spent seeking
and using information and the range of information sources valued can be positively affected by instruction. They recommend
that since engineers use computers and want desktop access, academic librarians should provide engineering students with training and access to many electronic resources. They suggest this because engineering students “show little enthusiasm for
approaching a librarian for information,” even after taking an information resources class, but “their strong desire to solve problems for themselves carries over to their interest in learning electronic information access” (Holland and Powell, 1995). They also
suggest that librarians in academia and corporations should collaborate “to develop a continuum of service for newly graduated
professionals” to encourage lifelong information seeking.
Providing information literacy/bibliographic instruction courses specifically for engineering students is another approach recommended by some academic librarians. At UCLA, senior engineering students who took such a course were compared to those
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who did not. Although no difference was found between the two
groups, some of the problems identified in both groups may help
improve such instruction in the future. Major problems that hinder information seeking by engineering students include:
 Lack of awareness of the overall information space and
sources
 Lack of understanding of some of the basic concepts and tools
 Lack of understanding of the driving forces in the processes
of research and publication, such as the publication life cycle,
formal versus informal channels of publication, primary
sources, secondary access sources, periodical literature, and
so on
 Failure to realize which access mechanisms lead to which
formats and that formats differ in timeliness and quality
(Ercegovac, 1999)

9
THE ENGINEERING SCHOLARLY
JOURNAL CHANNEL

9.1

INTRODUCTION

In this chapter we show that engineers spend a smaller proportion of work time reading and read less than other professional
groups. Surprisingly, however, engineers rate the importance of
this activity to their job as very high. Engineers in academic settings read each article more quickly, and tend to subscribe to
more publications than engineers in a nonacademic setting. Information sources other than articles, particularly internal reports
and oral communications, are more important for engineers than
scientists or medical professionals. Although they read less, engineers spend large amounts of time writing and communicating
orally. Recent studies reinforce trends observed for decades, although a growing percentage of reading is now of electronic
sources, including e-mail. Between 1995 and 2001, scholarly journals have increased in size.
In this chapter we focus on a particular communications channel, the engineering scholarly journal. The reason for this focus is
the extensive use, usefulness, and value of scholarly journals
within the scientific and medical communities. While the engineering profession relies less on this channel than the scientific
and academic communities (see Chapter 11), journals are exCommunication Patterns of Engineers. By Carol Tenopir and Donald W. King
ISBN 0-471-48492-X © 2004 Institute of Electrical and Electronics Engineers
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tremely useful and valuable to the engineering readers. We
briefly discuss trends in engineering and science journal publishing at three points in time (1977, 1995, 2001). We also examine
engineering authorship and reading of scholarly journal articles
and compare these activities with those of scientists. In Chapter
10, we present recent observations of information seeking and
reading, and evidence of changes in information-seeking and
reading patterns due to electronic publishing.

9.2 ENGINEERING AND SCIENCE JOURNAL
CHARACTERISTICS: 1977, 1995, AND 2001
We began collecting data on journal characteristics in 1960 (King
et al., 1981) and updated the data in 1995 and 2001, to track how
journals are changing, including electronic versions of print. A
sample of scientific scholarly journals was examined according to
several parameters: annual average number of manuscripts submitted, articles per title, issues, article pages, non-article pages,
and number of subscribers. Nine fields of science corresponding to
a 1970s NSF distinction were used (physical sciences, mathematics and statistics, computer sciences, environmental sciences, engineering, life sciences, psychology, social sciences, and general
science) and a sample of print journals was selected from each of
these fields. Information collected for each title included subscription price, number of pages and articles, and number of pages devoted to article and non-article content such as letters to the editor, book or product reviews, special announcements, indexes,
tables of contents, or author information.
In 2001, 10 titles were randomly selected from the original
1977 modified title list in each field where possible. Titles without
current issues in the library were not surveyed. The overall sample size in 2001 totaled 81 titles. The same physical information
was collected for each title in 2001 as in 1995. Two issues from the
previous 12 months were randomly selected from each title, and
two articles from each issue were randomly selected, with the
number of authors, number of citations, and number of pages of
each article recorded. Ulrich’s Guide to Periodicals provided circulation information; Fulltext Sources Online provided information
on digital versions of the titles. Table 9.1 presents the yearly total
averages for journal characteristics.
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Table 9.1 Physical Characteristics of U.S. Scientific Journals: 1977,
1995, and 2001

Articles per title
Issues
Article pages
Non-article pages
Total pages

1977

1995

2001

86
6.6
644
188
832

123
8.3
1,439
289
1,723

154
10.8
1,910
305
2,215

Increase
1995–2001 (%)
25.2
30.1
32.7
5.5
28.6

Source: King, et al., 1981 (1977); Tenopir & King, 2000 (1995).

Table 9.1 shows that from 1977 to 1995 to 2001, the physical
characteristics of print journals have increased in every category. The number of articles per title shows an increase with 25%
more articles appearing on average from 1995 to 2001. Total
pages, however, increased slightly more (29%). There is an overall trend toward price increases due in part to an increase in the
size of journals, thereby increasing costs. When these physical
characteristics are broken down by the field of science that each
title covers, a more complex picture emerges. In Table 9.2, the
characteristics of scholarly journals are broken down by the field
of science that they represent.

Table 9.2 Average Physical Characteristics of Journals per Title by
Field of Science: 2001

Field of Science
Engineering
Physical sciences
Mathematics and
statistics
Computer sciences
Environmental
sciences
Life sciences
Psychology
Social science
General science

Subscription
Article Non-article Total
Issues/
Price
Articles/ Pages/
Pages/
Pages/
Year (Institutions) Year
Year
Year
Year
11.6
20.2
9.1

$889
$1,239
$913

281
653
107

2625
4373
1903

355
338
75

2980
4711
1978

9.1
8.5

$636
$266

57
99

994
1375

261
129

1255
1504

13.7
5.8
3.6
16.4

$252
$244
$70
$420

201
68
22
387

1672
815
480
2071

665
77
148
1926

2338
892
628
3997
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Note that engineering journals are the third most expensive
type of journal on average ($889), behind mathematics and physical sciences journals. Engineering journals also rank third in
number of articles per year (281) and second in total pages per
year (2,625).
In a comparison of engineering and all other sciences over the
years we find a consistency across the years, as shown in Table
9.3.
The quick growth of the electronic journal can also be illustrated with the samples from the last two surveys. The January 1995
and January 2001 issues of Fulltext Sources Online were examined for digital full-text versions of the journals. In 1995, the
number of digitized versions available for these journals averaged
0.8; in 2001, the same journals had an average of 4.2 digital versions available from several online aggregators. In 1995, there
were no journals in the sample directly available electronically
from their publishers. In 2001, from the same sample, 13 (16%) of
the journals were available. This parallels the meteoric rise of
electronic peer-reviewed scholarly journals and electronic full-text
sources, as seen in Table 9.4. According to the ARL Directory of
Scholarly Electronic Journals and Academic Discussion Lists,
only 139 electronic peer-reviewed journals existed in 1995 compared to 3,915 in 2000, an increase in excess of 2,700% (see
www.arl.org). Total numbers of printed magazines, journals, and
newspaper titles now available in electronic form also grew, although not nearly as precipitously. Total titles grew from 5,646

Table 9.3 Comparison of Journal Characteristics for Engineering and
All Other Sciences: 1977, 1995, and 2001
Year
1977
Characteristics
Articles per title
Issues
Article pages
Total pages
Pages per article

1995

E

S

99
6.9
576
790
5.8

84
6.5
652
836
7.8

E
163
9.0
1,830
2,039
11.2

*E = Engineering, S = Science.
Source: King, et al. (1981); Tenopir and King (2000).

2001
S

E

S*

117
8.2
1,385
1,679
11.8

281
9.9
2,625
2,981
9.3

136
11.0
1,784
2,080
13.1
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Table 9.4 Digital Versions and Digital Availability of Journals by
Field of Science: 1995 and 2001

Field of Science
Engineering
Physical sciences
Mathematics and statistics
Computer sciences
Environmental sciences
Life sciences
Psychology
Social science
General science

Percentage of Journals
with Digital Versions
1995
____
30.0
0.0
11.1
0.0
0.0
42.9
20.0
25.0
57.1

2001
____
50.0
70.0
77.8
50.0
30.0
100.0
50.0
62.5
81.4

Percentage of Digital
Versions Directly
Available from Publisher
1995
____
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2001
____
30.0
20.0
0.0
20.0
0.0
42.9
0.0
0.0
42.9

Source: Fulltext Sources Online (2001).

sources in 1995 to 15,388 in 2001, a jump of 172% (Fulltext
Sources Online).
From the data above, the growth of electronic engineering journals seems to lag behind other scientific journals. Only 50% of engineering journals have digital versions as of 2001. However, of
the engineering journals available on the Internet, almost onethird (30%) are available directly from the publisher, in contrast
to other fields of science, which are generally less likely to be offered in this manner.

9.3 ENGINEERS’ AND SCIENTISTS’ AUTHORSHIP AND
READING OF SCHOLARLY JOURNALS
A national survey conducted in 1977 with engineers and other scientists revealed that only 1.9% of engineers authored an article in
the past year, compared with 10.5% of scientists (King et al.,
1981). The number of articles authored was 0.023 per engineer
and 0.190 per scientist. Thus, engineers clearly did not publish as
much as scientists. This holds true today and the size of the journal literature reflects this disparity. In 2001, there were 2,900 engineers per scholarly journal in their field; whereas in science
there were only 350 scientists per journal title.
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In 1977, most engineers (88%) read scholarly journals, but they
averaged only 80 article readings per engineer annually, compared with 128 readings for scientists. Engineers averaged only
about 60 hours per year reading these articles, compared with
nearly 100 hours for scientists. As described earlier in this chapter, engineers may rely less on formal written sources of information than scientists, but they still spend considerable time reading a variety of written sources. Journal articles are one of the
most valuable of these sources. Tenopir et al. (2001) found that
engineers at the Oak Ridge National Laboratory (a Department of
Energy–contracted laboratory) read an average of 98 journal articles each year. As shown in Table 9.5, there were differences in
reading patterns between the fields of science represented among
respondents. Engineers read the fewest articles per year compared to physicists and chemists, and also spent the least amount
of time reading each year on average. However, the time spent
reading per article is nearly twice as high for engineers than it is
for physicists and chemists.
Physicists and chemists at ORNL read many more journal articles than the engineers (204 articles each year and 276 articles
each year respectively). Engineers spend more time reading each
journal article. At ORNL we found that engineers spend an average of 54 minutes per article, while chemists and physicists spend
43 and 45 minutes respectively. Annually, engineers spend an average of about 132 hours reading journal articles, while chemists
spend 198 hours per year and physicists spend an average of 153
hours per year. These differences have been consistent in studies
over time (Meadows, 1974; Pinelli et al., 1989).
Engineers who published journal articles, reports, or books
used more journal articles than other engineers and cited the
most relevant of these in their work. Citing rates do not equal
rates of reading, however, since many things are read for back-

Table 9.5

Engineers
Physicists
Chemists

Reading Patterns by Scientific Field: ORNL 2000

Articles per Year

Time Spent Reading
per Year (hours)

Time Spent Reading
per Article (min.)

72
204
276

97
153
198

81
45
43
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ground information or other purposes. Some articles are read and
deemed irrelevant. Highly relevant articles may be read more
than once (Tenopir and King, 2000a). Georgia Institute of Technology library used citing rates to measure whether their serials
collection met faculty research needs. The library serves mostly
engineering majors and faculty (63% of graduates in 1990/91 majored in engineering) so most of the serials collection is engineering journals. The librarian found that the collection met faculty
needs, because 92% of the periodicals cited were in the library’s
collection. It could be argued that, given the preference of engineers for ease of use, they tend to cite the readily available journals in the library collections. The authors acknowledge that
there may be some validity to this, but point out that faculty also
cited gray literature not in the collection (Dykeman, 1994).
A direct relationship between the price of the information and a
scientist’s or engineer’s willingness (or in some cases, ability) to
obtain it seems to exist. As serials prices go up, the number of personal subscriptions decreases and scientists rely more on library
subscriptions and separate copies through their library or
through the Web or other sources (Tenopir and King, 2000a;
Tenopir et al., 2001). The number of personal subscriptions of university scientists declined from 4.21 subscriptions per scientist in
1977 to 3.86 in recent years and the proportion of readings from
personal subscriptions dropped from 60% to 36% in those years.
An even greater difference was observed for nonuniversity scientists. Subscriptions went from 6.20 per scientist in 1977 to 2.44 in
the late 1990s, while proportion of readings from them dropped
from 72% to 24%. In both instances most of the readings were replaced by readings from library collections (Tenopir and King,
2000a). However, in Chapter 10, we show that the availability of
electronic journals has changed information-seeking and reading
patterns.
Our studies repeatedly show that scientists who have received
awards or are high achievers read more (Tenopir and King,
2000a; King and Montgomery, 2002). This may also trickle down
to young engineers who are mentored by engineers who are gatekeepers. Gatekeepers typically read much more than average
(Katz and Tushman, 1981; Lee, 1994).
Engineers use all types of published information sources, but
they do so in different proportions than scientists and rank each
source’s value differently. Where scientists tend to rely heavily on
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peer-reviewed scholarly journals, engineers favor advertisingsupported trade magazines (Allen, 1992). King and Tenopir recently reviewed the literature in that discusses the use and readership of engineering and science scholarly journals. They found
many relevant studies of journal use since the 1950s. Over time
journals have remained an extremely important source of information for scientists. Research results consistently show that scientists1 rely more on journals than on other sources. Raitt and
others also reported that written sources are more important
than oral sources for scientists (Flowers, 1965; Mick et al., 1980;
Ritchie and Hindle, 1976; Sutton, 1975). The recent SuperJournal
Project in the U.K. (1998) found that scientists not only frequently read journal articles (29% daily, 57% weekly), but they also
considered journals to be more important to their work (i.e., 84%
strongly agree that “journals are important to my work” and another 14% agreed with the statement). Gupta (1981) provides an
excellent review of this topic.
Some of the results above apply to scientific literature in general and not just to scholarly journals. However, over the years
studies have shown that scientists primarily read journals. For
example, in 1956, Shaw (cited by Meadows, 1974) found that 70%
of all reading was from journals. In 1968, Gerstberger and Allen
compared the use of types of literature: books, professional journals, technical and trade journals, and other publicly accessible
written material. Engineers mostly used professional journals
and found them to have the highest technical quality; however,
they were third in overall accessibility and ease of use. Weil
(1977, 1980) reports that journals were read most and provided
the most benefits. For the years 1984 to 1998, scientists in several
surveys reported their amount of reading of different materials;
scholarly journals were always read far more frequently than other documents (Tenopir and King, 2000).
Conversely, engineers and technologists reported that journals
were a much less important source of information than interpersonal communication and technical reports. However, these conclusions depend on the type of engineers’ organization. For example, a 1989 survey of aerospace engineers (Pinelli et al., 1991)
1

Note that many such studies incorporate engineering into the generic term “science” and,
therefore, some results reflect the combined results of scientists’ and engineers’ readership.
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found that engineers in academia used journal articles much
more than conference papers, in-house technical reports, and government technical reports (i.e., 26.6 times in a six-month period,
18.0 times, 9.2 times, and 10.0 times respectively). The use reflected the engineers’ ratings of importance ranging from 4.35 (on
a scale of 1 to 5) for journal articles to 3.02 for in-house technical
reports. Use of journal articles in a six-month period by engineers
in government was 15.4 times and by engineers in industry was
10 times. Raitt’s 1984 survey revealed that oral sources of information were used more by engineers. Others have reported the
same results (Gerstl and Hutton, 1966; Ladendorf, 1970; Marquis
and Allen, 1966; Shuchman, 1981). Nearly all studies support the
finding of Allen and Cohen that “the average engineer makes little or no use of the scientific and professional engineering literature.” Instead engineers rely heavily on internal technical reports
and personal contacts, although Allen (1964) found an inverse relationship between performance and use of outside persons (e.g.,
consultants). Similar conclusions were made by Shilling and
Bernard (1964); Auerbach Corporation (1965); Rosenbloom and
Wolek (1967); Gerstberger and Allen (1968); Allen et al. (1968);
Beardsley (1972); Gerstenfeld and Berger (1977, 1978, 1979);
Krikelas (1983); and Pinelli et al. (1989).
Several studies over the years report the number of journals
used by scientists. For example, in 1948, Bernal (cited by Meadows, 1974) reports that the average number of journals consulted
per week was 5 to 15 according to the group surveyed (9 for scientists and 5 for engineers). Menzel et al. (1960) found that 60% of
reading by chemists was from 3 main journals and 25% of reading
by zoologists was from 3 journals. Martin in 1962 (cited by Meadows, 1974) indicates that 10 journals accounted for half the reading done by chemists and physicists. Allen and Cohen (1969) indicate that the “stars” in one organization read an average of 8.2
journals in one setting and 4.4 journals in another setting. Others, in both settings, read 3.6 journals on average. Frost and
Whitely (1971) found similar results; that is, stars read 6 scientific journals regularly and others 3.1 (median). In 1970, Wolek observed the ranges in the number of publications that are read regularly by researchers and engineers. These average 6 publications
for researchers and 4.3 for engineers. Taylor in 1975 found that
the number of periodicals read regularly was 18 for technical discipline choices, 29 for testing technical idea choices, and 14 by
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technical discipline stars. A 1990 survey of 156 researchers in 6
companies found they had reviewed journals, but they shared an
average of 8.3 papers and journals with colleagues (Mondschein).
In response to the question; “On average, how often do you use
electronic journals?” scientists in 1999 answered 8 daily, 30 weekly, 9 monthly, 13 occasionally, and 10 never (Pullinger and Baldwin, 2002). Surveys of scientists in 1977 observed that scientists
read at least one article from 13 journals; in a series of surveys in
the 1990s that number increased to 18 journals (Tenopir and
King, 2000). It appears that scientists are reading a wider range
of journals now than in the past.
Below we review studies that provide estimates of the extent to
which individual engineers and scientists read scholarly journals.
These studies invariably involve surveys of individuals, although
the way in which the questions of readership and time are asked
varies somewhat. Surprisingly, few of the many surveys of scientists’ information-seeking behavior ask about the number of articles read. In 1948, Bernal (cited by Meadows, 1974) estimated
that medical researchers read an average of 7.4 papers per week
(perhaps 340 to 380 per year) and engineers read 1.5 papers per
week (about 70 to 80 per year). A 1977 national survey showed
that scientists averaged 105 article readings per scientist (King et
al., 1981), while a follow-up survey in 1984 showed about 115
readings, and several surveys in organizations from 1993 to 1998
yielded combined estimates of about 120 readings per scientist
(Tenopir and King, 2000). Engineers are found to read less than
other scientists. For example, Pinelli et al. (1989) estimated that
engineers read an average of 6.7 articles per month (or about 80
readings per year) and the engineers in the surveys above also averaged 80 readings per year (both of these results are about the
same as the 1948 Bernal observations). Thus, evidence suggests
that the amount of reading by scientists and engineers has not
changed much over the years.
Several studies have shown that academicians read more than
nonuniversity scientists. In 1969, Meadows and O’Connor revealed that university scientists use journals more than those in
government establishments. King et al. (1981) estimated that
university scientists read scholarly journals an average of 150
times per year versus 90 times by other scientists. In the period
1993 to 1998 several surveys produced averages of 188 and 106
readings of scholarly journals per university and nonuniversity
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scientist respectively (Tenopir and King, 2000). However, since
there are many more scientists working outside of universities,
they account for about 70% of all readings. The Association for
Computing Machinery (ACM) provides some confirmation of
these results (Denning and Rous, 1994). They say that most ACM
“journals are written by experts for other experts, but these experts constitute less than 20% of the readership.” Note that most
scientific scholarly articles are written by university scientists.
The other 80% of the readers of ACM journals are said to be experts from other disciplines or practitioners.
Several studies have investigated the hours or proportion of
time spent reading the literature. For example, Halbert and Ackoff (1959) estimated that in 1958 physical scientists spent about
37 hours per month reading. In the 1960s, the Case Institute of
Technology Operations Research Group reports 24 hours per
month. Hall et al. report 45 hours, Allen (1966a) reports 8.6 to
13.8 hours, and Garvey and Griffith (1963) report 27.7 hours for
psychologists and 15.6 to 20.8 hours for other fields of science.
Raitt (1984) reports time in increments, which roughly convert to
15 hours per month for background reading by aerospace engineers, and Holland and Powell (1995) indicate that University of
Michigan engineering graduates spend about 22.9 hours per
month reading. Results, while varied, do indicate an appreciable
amount of time spent reading. Hinrichs (1964) reports 10% of
time, Mick et al. (1979) report 9.8%, Allen (1966a) reports 7.9%
for engineers, and in 1988, 18.2% for scientists (including about
5% involving electronic messages). Again, engineers’ time is a
scarce resource that is carefully utilized. A decision to spend an
appreciable amount of time reading suggests that they place considerable value on the information received. While not all reading
involves scholarly journals, studies suggest that amount of time
spent reading journals is substantial.
The purposes for which scholarly journals are used have been
described in a variety of ways over the years. For example, Allen
(1966b) determined the proportion of times information sources
were used for various purposes on research projects. The proportion of times the literature is used for various purposes is as follows: expand alternatives (60%), generate alternative approaches
(58%), generate critical dimensions (54%), set limits of acceptability (50%), test alternatives against dimensions (27%), and reject
alternative approaches (13%). Literature is the most frequently
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used source for all purposes except the last two. In 1967, Rosenbloom and Wolek found that in central laboratories, professional
documents are used for research (48%), design and development
(33%), and analysis and testing (48%) and that they are the most
frequently used channel for all three purposes. Garvey et al.
(1974) revealed that journal articles are used by scientists to: (1)
form a basis for instruction of new scientists, (2) acquaint themselves with the accumulated knowledge that exists when embarking on new research or inquiry, (3) facilitate day-to-day scientific
work, and (4) advance the research front.
Others also provide data on use of journal literature. Machlup
and Leeson (1978) found in their survey of economists that general interest is the most prominent purpose (46%), followed by research (33%), teaching (15%), and coursework and other purposes
(6%). More recently, Sabine and Sabine (1986) established that
journals in 50 libraries were used for current research (38%), help
on the job (25%), writing a paper or speech (13%), general information (10%), and teaching (5%). Berge and Collins (1996) observed that electronic journals were used because of interest in a
topic (68%), to help in work (25%), or for researching a topic
(14%). In 1998, Shoham showed that purposes vary by the type of
scientist (see Table 9.6).
Tenopir and King (2000) make a distinction between university
and nonuniversity scientists’ purposes for using scholarly journal
articles. In 1993 over 50% of readings by University of Tennessee
scientists were for current awareness or professional development. Other readings were used to support research (75%), for
teaching (41%), to prepare formal publications and formal talks or
presentations (32%), and for administration (13%). C.M. Brown
also found that scientists at the University of Oklahoma relied on
journals more for research than for teaching. On the other hand,

Table 9.6 Purposes of Reading by Engineers, Scientists, and Social
Scientists
Purpose of Use
Research
Instruction
General updating
Obtain research funds
Source: Shoham (1998).

Engineers

Scientists

Social Scientists

78.6%
21.4%
71.4%
14.0%

94.9%
41.8%
75.9%
10.1%

90.1%
72.7%
79.1%
14.5%
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Griffiths and King (1993) found that scientists in 32 nonuniversity settings (e.g., AT&T Bell Laboratories, National Institutes of
Health, Oak Ridge National Laboratory) used journals differently: for current awareness or professional development (30%),
background information research (26%), conducting primary research (17%), conducting other R&D activities (11%), and management or other (3%). Their readings for communications-related activities were: consulting or giving advice (4%), writing (7%),
and making presentations (3%).
Information in journal articles is found to be important for a
number of reasons. Scott (1959) reports that literature is the primary source of creative stimulation for scientists and engineers.
The user’s perception of the quality of the information is a major
factor in both the use of information and the adaptation of innovation (Chakrabarti and Rubenstein, 1976). The literature of a profession was shown to be the single most important source of information in achieving product innovations (Ettlie, 1976). Another
aspect of the usefulness of scholarly journals is their importance
to scientists. Machlup and Leeson (1978) report that economists
found 32% of their readings to be useful or interesting, 56% moderately useful, and 12% not useful.
Tenopir and King (2000) indicate the importance of journal article readings to the purposes mentioned above. University scientists rated importance from not at all important (1) to somewhat important (4) to absolutely essential (7). For readings done
for teaching, scientists rated the importance of the information
in achieving teaching objectives as 4.83 on average, while importance to research was given an average rating of 5.02. Over a period of a year, the scientists indicated that, of a total of 188 readings, an average of 13 readings per scientist were absolutely
essential to their teaching and 23 were absolutely essential to
research. Nonuniversity scientists were asked to rate the importance of several resources (e.g., computing equipment/workstations, instrumentation, documents, advice from others, etc.) used
to perform various activities. The ratings were from 1 (not at all
important) to 5 (absolutely essential). The average ratings of
journals for activities performed are as follows: professional development (4.05, highest), primary research (4.03, second highest), other R&D activities (3.87, highest), writing (3.76, highest),
consulting/advising (3.60, second highest), and presentations
(3.31, third highest).
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9.4 CHANGES IN INFORMATION-SEEKING AND READING
PATTERNS FOLLOWING ELECTRONIC JOURNALS
In order to provide a before-and-after picture of the effects of electronic journals, we surveyed engineers and scientists at the Oak
Ridge National Laboratory, first in 1984 and again in 2000. Between 1984 and 2000, there were differences in the amount of
reading, source of articles read, how the articles were identified,
and time spent obtaining and reading articles. In all of our surveys we have defined reading as “going beyond the table of contents, title, and abstract to the body of the article.” To be current,
we stated in the 2000 survey that “articles include those found in
journal issues, author Web sites, or separate copies such as
preprints, reprints, and other electronic or paper copies.” The estimated amount of “readings” includes multiple readings of one article. In fact, about 17% of the 2,000 readings involved articles
that had been read prior to the most recent reading. This occurred
more often with paper-based articles (22%) than with
electronic/digital articles (4%).
In 1984, we estimated that the ORNL scientists and engineers
averaged 99 journal article readings per year, and in 2000 the average was 113 article readings—an indication that the amount of
reading of articles may be increasing. This phenomenon is consistent with over 13,500 survey responses from engineers and scientists observed from 1977 to 1998 (Tenopir and King, 2000a).
What has changed over time are the sources of the articles,
both in proportion and amount of reading (see Table 9.7).
The most striking differences in sources from 1984 to 2000
were the increase in the proportion and amount of readings from

Table 9.7 Proportion and Average Amount of Readings per Person
from Various Sources of Articles: ORNL 1984 and 2000
1984
Source

Proportion
(%)

Personal subscription
Library collection
Shared dept/unit collection
Separate copy

37
53
2
8

2000

Amount of
Reading

Proportion
(%)

Amount of
Reading

37
52
2
8

29
48
3
18

33
54
3
23
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separate copies and the shift from personal subscriptions to library collections.
One consequence of this change in behavior was that scientists
appear to be reading from a larger number of journals. The 2000
survey showed that respondents read at least one article per year
from approximately 23 journals. While we do not have comparable data from the 1984 survey, other surveys of scientists indicate
that the number of journals from which a scientist read articles in
a year rose from 13 in the late 1970s to 18 in the 1994 to 1998
time period. Some of the changes observed in the range of journal
titles and amount of readings from separates were due to an increase in readings of articles identified by online searches (7.5% of
readings in 1984 to 13.3% in 2000) or recommended by other persons, such as colleagues (8.6% and 24.0% respectively). Observations from OhioLINK and others confirm that users read from a
wider variety of titles when the literature is made available electronically.
Another difference observed from 1984 to 2000 was the proportion of readings from electronic journals and digital databases. There were no readings from these media in 1984, but in
2000 about 35% of the readings were from them. Over one-half
of these readings involved browsing electronic subscriptions provided by the ORNL libraries (18% of readings), free author websites (2.7% of readings), or personal electronic subscriptions
(1.3% of readings). Nearly all of the browsed electronic journals
were published in 2000, but one respondent reported a publication date of 1999. Another 5% of the readings were from electronic library subscriptions but were identified from citations in
other publications or from online searches; 5% were from personal electronic subscriptions involving articles identified from
citations in other publications or mentioned by other persons;
and 4% were from websites with articles mentioned by other persons. These readings were nearly all year-2000 publications, but
one reading from a personal electronic subscription was from a
1990 publication.
The proportion of readings found by browsing did not change
much over time. In 1984, about 41% of readings were found by
browsing personal or current library collections, and 6.5% were
found by browsing copies routed by the library (i.e., 48% total
browsing). In 2000, a total of about 45% of readings were found by
browsing personal print subscriptions, library print subscriptions,
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department collections, and electronic or digital copies as mentioned above (see Table 9.8).
In 1984, about 13% of readings were identified in printed indexes, but use of printed indexes dropped to zero in the 2000 survey.
Readings identified by citations in other publications dropped
from 24% in 1984 to about 7% in 2000. The distribution of the age
of articles read sheds some light on reading patterns as shown in
Table 9.9.
The amount of reading of articles over one year old remained
similar for the two time periods; however, in 2000, there appeared
to be substantially more new articles read (i.e., 80.2 readings per
person in 2000 versus 59.4 in 1984). Nearly all the shift to recently published articles was attributable to reading of electronic or
digital articles. Of all the articles read from electronic or digital
media, 85% were published in 2000 (8 months into the year),
while only 56% of articles read from print subscriptions or copies

Table 9.8 Proportion of Readings Found by Browsing from Four
Sources: ORNL 2000
Source

Proportion Found by Browsing (%)

Personal print subscriptions
Library electronic
Library print subscriptions
Department collections

20
20
4
1

Table 9.9 Average Number of Readings of Articles
per Person by Age of Article Read: ORNL 1984 and
2000
Age of
Article
1 year
2 years
3 years
4–5 years
6–10 years
11–15 years
over 15 years

Readings per Person
1984 (%)

2000* (%)

59.4
12.9
5.9
11.9
4.0
3.0
4.0

80.2
10.2
4.5
6.8
4.5
2.3
4.5

*Readings adjusted from 8 months to a year.
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were published in 2000. The oldest article read in the 2000 survey
was 25 years old.
The fact that the electronic/digital reading tended to be of more
recent articles means that fewer of the articles had been read prior to the most recent reading (4% in 2000 vs. 22% in 1984). In
reading from both digital and print journals, a high proportion of
the readings involved information that was known by the scientist prior to the first reading of the article (44% electronic reading
vs. 58% print). In both instances such articles were often found
from citations in other publications or after mention of the article
by another person.
Time spent identifying, locating, and obtaining the articles
changed since 1984 in a way that might not be expected: the time
per reading spent browsing or searching for the article and determining where the article was located approximately doubled, according to the 2000 survey. The reported time spent browsing
electronic/digital articles was estimated to be 13.3 minutes per
reading, but the time spent browsing print copies was half of that
time (6.5 minutes). The time spent obtaining or accessing the article was about the same in the two surveys (7 and 6 minutes respectively). When time involving other activities such as locating,
displaying, and downloading or printing was added, the time
spent totaled 17.7 minutes per electronic/digital reading. This
was compared with 8.2 minutes for browsing print copies (including locating and photocopying the articles). About 38% of the electronic/digital readings were read from the screen. These readings
tended to be of shorter duration than the downloaded/printed
readings (i.e., 20 vs. 62 minutes, respectively). Interestingly, the
proportion of print articles photocopied was about 50% compared
with 62% of electronic/digital articles downloaded/printed out.
The time spent photocopying was about three minutes compared
with 4.5 minutes spent downloading/printing. When articles were
identified by means other than browsing, the time spent using the
two media was about the same (i.e., 22 minutes per reading electronic/digital articles and 19 minutes for print articles).
The principal purposes of the information obtained from the articles read were most frequently primary research (34% of readings), background research (24%), and current awareness or continuing education (22%). These proportions of readings tended to
be slightly higher for electronic/digital articles than for print articles. About 16% of the readings were for communications-related
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purposes such as writing, making presentations, or consulting/advising others. Other purposes, such as administration, accounted
for the remaining purposes of reading.
The respondents surveyed in 2000 indicated that they averaged
98 hours per year reading journals (96 hours in 1984). This estimate was based on estimated amounts of reading (99 readings in
1984 and 113 in 2000) and the average time spent per reading (58
minutes and 52 minutes, respectively). Because their time is a
scarce resource, this amount of time spent was an indicator of the
value of the information gained from reading journal articles. The
amount of time spent reading electronic/digital articles was nearly identical to that of paper-based articles (i.e., 52.2 minutes per
article versus 51.4 minutes). Thus, this indicator of value was also
the same for the two media sources. Other indicators of value of
information include the observation that respondents whose most
recent reading was from an electronic/digital article tended to be
older and publish more articles.
In some scientific fields, preprints of journal articles are an important distribution means. Physics, particularly high-energy
physics, is an example. In a 1977 national survey of scientists, it
was estimated that scientists received and read 2.1 million
preprints (King, McDonald and Roderer, 1981). In 1981, physicists read about 20,000 separate copies of articles from 19 American Institute of Physics journals; 4,500 of them were preprints.
Physical science authors distributed an average of 110 preprints
per article (King and Roderer, 1978). Several digital preprint services have evolved in recent years, including the Los Alamos National Laboratory arXiv.org e-print archive and the DOE
PrePRINT Network. (LANL’s arXiv also includes electronic articles other than preprints. DOE’s PrePRINT Network is a gateway
service to nearly two dozen separate preprint or e-print servers.)
We did not specifically include preprint reading in the 1984 survey but rather included it as part of a general category of separate
copies of articles. In the 2000 survey we asked respondents about
their awareness of these (and other) preprint services, how much
reading they did from them, and whether they submitted articles
to the services.
About 29% of the ORNL respondents were aware of the LANL
archive service, and about three-fourths of those who were aware
had read 7.9 preprints per person from the service in the past 12
months. Roughly one-half of physicists were aware of the LANL
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services, and nearly all of those aware had read preprints from it
in the past year. Other fields particularly acquainted with the
service included engineering (31% aware) and chemistry (20%
aware). Of all the respondents aware of the service, only 14% of
them had ever submitted article preprints to arXiv.org, even
though those respondents averaged authoring or co-authoring
about 8 articles per person in the last two years. About 10% of the
articles published by those aware of arXiv.org were submitted to
the LANL service. A similar proportion of respondents (25%) were
aware of the DOE PrePRINT Network, but fewer of them (53%)
actually read preprints mentioned by the service. Those who did
so averaged reading six preprints per person in the last year.
Most of these readers were physicists or engineers. Other services
were mentioned and used by a few of the respondents, including
such websites as Physics of Plasmas, IOP, and Nuclear Fusion;
ACM; and High Tc Update.
Altogether, the total electronic preprint reading amounted to
about 3.6% of all reading. In addition, about 4.5% of readings
were from preprints sent to respondents for article review or refereeing. Since about one-half of reading from separate copies of
articles involved preprints, the increase in amount of reading
from those separate copies may be partially attributable to reading from preprints and corresponding preprint services.

10
ENGINEERS’ JOURNAL
INFORMATION-SEEKING AND
READING PATTERNS IN AN
EMERGING ELECTRONIC ERA

10.1

INTRODUCTION

This chapter focuses on the information-seeking and reading patterns of engineers in the emerging electronic journal era. It is
clear that electronic journals are having a significant impact on
journal communication patterns of scientists (King and Montgomery 2002; Tenopir et al., 2003) and medical professionals
(Tenopir, King, and Bush, 2003). From 2000 to 2003 readership
surveys were conducted at the Oak Ridge National Laboratory
(ORNL), University of Tennessee, Drexel University, and University of Pittsburgh. In order to examine information-seeking and
readership patterns of engineers, 98 observations of engineers
were extracted from these surveys for the analysis given below. It
is emphasized that the engineers at ORNL are not typical of
nonuniversity engineers, but do give some indication of the contrast between patterns of engineers located in universities and
elsewhere.
In particular we rely on readership surveys that emphasize
observations of a “critical incident” of the last reading of a journal article. This method permits one to examine each reading to
develop the multiple patterns of how engineers learn about the
articles they need (e.g., browsing journals, searching, being told
Communication Patterns of Engineers. By Carol Tenopir and Donald W. King
ISBN 0-471-48492-X © 2004 Institute of Electrical and Electronics Engineers
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about them), where they get these articles (e.g., personal subscriptions, library collections, separate copies), the format or
medium of the articles when read (e.g., print, photocopy, electronic—on the screen or printed out), age of the article when
read, time required to obtain and read the articles, outcomes
from reading the articles, and so on. This approach recognizes
that every reading is unique and results in a specific combination of those factors.
The chapter is subdivided into sections on the use, usefulness,
and value of journals, where engineers get articles they read, format of the articles, how they learn about the articles, issues dealing with age of the articles read, and factors that influence these
aspects of article information seeking and reading. The article use
is observed by how many articles engineers report that they read
in the past month (projected to an annual amount). A “scholarly”
article is defined as one “found in journal issues, author websites,
or separate copies such as preprints, reprints and other electronic
or paper copies.” A reading is defined as “going beyond the table of
contents, title, and abstract to the body of the article.” With the
exception of electronic-related aspects, these definitions have
been consistent with over 25,000 readership survey responses
dating back to 1974. Usefulness is examined in terms of the purposes for which articles are read and the importance of information in achieving the principal purpose. The “value” of the article
is defined in two ways: by the consequences of reading (described
above) and by what engineers are “willing to pay” for the information. Engineers pay for information in (1) dollars paid for subscriptions or related services and (2) in their time required to obtain and read articles. The latter tends to be 5 to 10 times higher
(when a dollar amount is assigned to time) than payments made.
Engineers get articles from personal subscriptions or library
collections in electronic or print format. They can also receive
photocopies, reprints, or electronic copies of articles from colleagues, authors, or other persons. Libraries also provide copies
through interlibrary loan or document delivery services. In some
professional fields, including engineering (Lawal, 2002), electronic preprint archives and author websites are a source of copies of
articles. Engineers often learn about the articles they read by
browsing personal or library subscriptions (print and electronic)
or other digital collections; usually from recently published articles. They can also search for articles using an index and abstract
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(A&I) bibliographic database (e.g., Engineering Index, Compendex), web search engine, online journal collection, current awareness service (print or electronic), preprint service, or other e-print
service. Finally, engineers also learn about articles through citations in other publications or being informed about them by others.
There are some issues concerning the age of the articles read.
For example, there is a question of whether older articles continue to be read with the emergence of electronic journals. This is
important because older articles tend to be more useful and valuable than recently published articles. If the older articles continue
to be read, it is important to learn where they are obtained, how
they are identified, and in what format they are read. There are
several factors that affect how engineers learn about the articles
read, where they obtain them, and the format used. These and
other issues are discussed in the sections below.

10.2 USE, USEFULNESS, AND VALUE OF ARTICLES
TO ENGINEERS
Journal use is defined in many ways (King and Tenopir, 2001);
reading as defined in Section 10.1 is the measure used below. The
amount of reading done by engineers is observed by asking them:
“In the past month (30 days), approximately how many scholarly
articles have you read?” A reported number of readings is not the
same as number of articles read, because an article can be read
once or many times. For example, an article might be read to keep
up with the literature when it is first published, but read again
later when an information need arises. In fact, for the “critical incident” of reading the engineers are asked if they “had read this
article prior to this particular reading?” As it turns out, about
30% of the readings had been read before, which is typical of science in general. Another aspect of this survey question is that the
distribution of readings reported tends to be highly skewed. That
is, a few engineers have read a great deal in the last month, say,
over 100 readings, but most report fewer than 10 readings (i.e.,
about 70% of the engineers reported 10 or fewer readings in the
last month). In previous readership studies respondents who report extensive reading are sometimes contacted to make sure they
meant that the large reported amount was for a month and not a
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year. They nearly always did in fact read heavily during the
month reported.
The average number of readings reported for the last month
was 13.5 readings per engineer or about 162 annual readings per
engineer. The average readings per university engineer was 186
annual readings and at ORNL the average was 98 annual readings. The estimated averages among the three universities are
fairly consistent and reflect what one might expect of reading by
university engineers, but ORNL is atypical of nonuniversity average amount of readings. In 1977, a national survey of scientists
yielded an estimate of 80 annual readings per engineer (King et
al., 1981). There is an indication that the amount of reading per
engineer may actually be increasing some since 1977.
At ORNL the scientists averaged 146 annual readings (compared with 98 engineers’ annual readings) and at the universities
surveyed, scientists averaged 205 annual readings (compared
with 186 engineers’ annual readings). In the 1977 national survey
the scientists averaged 128 annual readings. National estimates
for both engineers and scientists reflect smaller average numbers
of readings because most engineers and scientists work outside of
universities and typically read much less than university members. In fact, if the estimate of 186 annual readings by university
engineers held for all university engineers one would expect the
nonuniversity engineers’ average annual readings to be, perhaps,
about 75 readings per engineer.
Value of article information content is measured in two ways:
(1) by what engineers are willing to pay for the information in dollars and their time and (2) by the use value represented by consequences of reading. Over the past 25 years, the number of personal subscriptions of scientists has declined from about 5.8 in 1977
to 2.2 subscriptions per scientist currently. However, engineers
have never been heavy subscribers. The 1977, national survey
yielded an estimate of 1.2 subscriptions per engineer and in the
2000 to 2003 era the average number of subscriptions per nonuniversity engineer at ORNL is estimated to be 1.16 and for university engineers 2.56 (16% of university engineers and 36% of ORNL
engineers report that they receive no personal subscriptions).
Most of the personal subscriptions are derived from engineer society membership, although a very small proportion of the university personal subscriptions are obtained through grant funding.
The point is that engineers pay a fairly modest amount for the

10.2 USE, USEFULNESS, AND VALUE OF ARTICLES TO ENGINEERS

137

journals they read. On the other hand, they are willing to spend
an appreciable amount of their time reading journal articles. The
engineers surveyed by us from 2000 to 2003 average spending 88
hours per year reading articles at ORNL and 127 hours at the
universities. In many respects, engineers’ time is their most
scarce resource and they would not be willing to spend this time
reading if they did not consider the information obtained to be of
corresponding value. Over the years we have observed the dollar
value of readers’ time spent reading to be 5 to 10 times the
amount expended for subscriptions (including a prorated amount
for library purchases).
It was also observed that male engineers in the universities appeared to read more than female engineers (190 vs. 160 annual
readings per engineer), but while female engineers may read fewer articles, they appear to take more time reading them than male
engineers (50 vs. 40 minutes per article read for male engineers).
Thus, they annually spend about the same amount of time reading (133 vs. 127 hours per year for male engineers).
Value is also measured in terms of the consequences of reading
journals. One indicator of such value is the purpose for which articles are read. For the critical incident of last reading we asked engineers to indicate the principal purpose for which they have used
or plan to use the information obtained from the article. As shown
in Table 10.1, the principal purpose is primary research for both

Table 10.1 Proportion of Article Readings by University and ORNL
Engineers by the Principal Purpose for which the Article Is Read: U.S.
2000–2003
Principal Purpose for Reading
Primary research
Background research
Teaching
Writing reports, articles, etc
Presentations
Consulting, advising others
Current awareness, keeping up
Administration
Total

University (%)

ORNL (%)

58.7
23.8
6.3
4.8
*
1.6
4.8
*

32.1
21.4
*
*
7.1
10.7
25.0
3.6

100.0

99.9

*No observations
Source: Surveys at ORNL, Drexel University, University of Pittsburgh, University of Tennessee (n = 91).
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university and ORNL engineers. Background research is the second most frequently reported principal purpose of reading by university engineers, with teaching a far third.
However, at ORNL the engineers report primary research far
less frequently than the university engineers (32% vs. 59% of
readings). While background research is reported about equally,
the ORNL engineers read articles far more frequently for current
awareness or keeping up with the literature (25% vs. about 5% of
readings).
We also asked engineers to indicate purposes for reading other
than the principal purpose. In Table 10.2, all of the reported purposes are given (not just the principal ones). When all purposes
are considered, teaching, writing, and current awareness become
frequent purposes for university engineers, and at ORNL current
awareness and continuing education become much more frequent
purposes.
In the university surveys, the engineers were also asked: “How
important is the information contained in this article to achieving
your principal purpose?” The ratings were from 1 (not at all important) to 4 (somewhat important) to 7 (absolutely essential).
Overall, about 7% of readings were rated as being absolutely essential, mostly to primary research. The average importance rating for primary research was 5.49 and 4.48 for all other principal
purposes. Thus, a substantial proportion of reading is important

Table 10.2 Proportion of Article Readings by University and ORNL
Engineers by the Various Purposes for Which the Article Is Read: U.S.
2000–2003
Various Purposes for Reading
Primary research
Background research
Teaching
Writing reports, articles, etc.
Presentations
Consulting, advising others
Current awareness, keeping up
Continuing education for self
Administration

University (%)

ORNL (%)

77.8
58.7
33.3
52.4
19.0
22.2
47.6
1.6
3.2

42.9
50.0
*
21.4
21.4
21.4
60.7
46.4
3.6

*No observations.
Source: Surveys at ORNL, Drexel University, University of Pittsburgh, University of Tennessee (n = 98).
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to the engineers’ research and other endeavors (i.e., about onethird of readings were rated 6 or 7). The surveys also sought to
learn: “In what ways did the reading of the article affect the principal purpose?” When the principal purpose was primary research, the most often cited way was that “It improved the result”
(80% of these readings), followed by “It inspired new thinking or
ideas” (54% of readings). Other ways included “Narrowed, broadened, or changed the focus of research” (39%), “Resolved technological problems” (20%), “Saved time or other resources” (17%),
“Resulted in collaboration or joint research” (9%), and “Resulted
in faster competition” (7%). Similar reasons were observed for the
other principal purposes, but with much less frequency.
One indicator of the use value of articles to engineers is that engineers whose research or other profession-related contribution
has been acknowledged through awards or other special recognition tend to read more and spend more time reading than those
whose work has not been acknowledged. Engineers surveyed who
received such recognition averaged 225 annual readings compared with 126 readings by those not recognized and they spent
about 80 more hours reading. This has been a typical observation
over the years (Tenopir and King, 2000).

10.3

WHERE ENGINEERS GET THE ARTICLES THEY READ

From the critical incident of last reading, the surveys determined
the source of articles read. As shown in Table 10.3, the three principal sources are from personal subscriptions, library collections,
and separate copies. The sources used are not too different for
university and ORNL engineers, with a higher proportion of readings from library collections by ORNL engineers (50% vs. 43% of
readings), and a little lower for the other sources. The subproportions of readings from print and electronic formats are given in
brackets for personal subscriptions and library collections. That
is, 88% of readings of university personal subscriptions are from
print issues. Few readings of personal subscriptions by university
engineers are from electronic format, but nearly two-thirds of
their library collection readings are from electronic journals. The
opposite pattern is observed for ORNL engineers. This pattern
shows that the emergence of electronic journals appears not to influence the need by engineers for library access to journals (noting
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Table 10.3 Proportion of Article Readings from Various Sources by
University and ORNL Engineers: U.S. 2000–2003
Source
Personal subscriptions
Print
Electronic
Library collections
Print
Electronic
Separate copies
Preprint-electronic
Reprint
Another person
ILL/Doc. Dev.
Review copy
Total

Universities (%)

ORNL (%)

35.7
[88.0]
[12.0]
42.9
[36.7]
[63.3]
21.4
[6.7]
[13.3]
[46.6]
[20.0]

32.1
[55.6]
[44.4]
50.0
[64.3]
[35.7]
17.9
[*]
[*]
[60.0]
[*]

[13.3]

[40.0]

100.0

100.0

*No observations.
Source: Surveys at ORNL, Drexel University, University of Pittsburgh, University of
Tennessee (n = 98).

that with Interlibrary Loan and document delivery, the library
access in universities increases to 47%). This phenomenon is undoubtedly necessitated by the low number of personal subscriptions obtained by engineers, requiring them to acquire articles
from other sources such as their library.
Separate copies of articles have long been an often-used source
of articles. About 16% of readings by engineers were observed to
be from separate copies in the 1977 national survey and in the
current surveys a similar, but slightly higher, proportion was observed; that is, 21% of university readings and 18% of ORNL
readings. The most frequent source of separate copies is from another person such as a colleague, author, and so on.

10.4

FORMAT OF ARTICLES READ

About one-third of the articles read by engineers are from electronic journals or electronic separate copies and the proportion is
almost identical for university and ORNL engineers (although
from different sources). Of the electronic article readings, most
are printed out (76% of electronic article readings), although
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some continue to be read on the screen (24% of the readings).
Engineers also tend to photocopy from print format. In fact, 6.8%
of readings from print personal subscriptions are from photocopies and an even greater proportion of reading from library
collections are photocopied (45%). Gender is not a factor in the
format used by engineers, but age may well be. A proxy for age
is the number of years since receiving an engineer’s highest degree. At 1 to 10 years since graduating, the engineers tend to
read a higher proportion of electronic versions than older engineers: 48% of electronic readings vs. 45% at 11 to 20 years, and
less than 30% over 20 years.

10.5 HOW ENGINEERS LEARN ABOUT THE ARTICLES
THEY READ
An important information-seeking activity involves identifying
and locating needed articles. Generally, engineers learn about the
articles they read by browsing journals, or searching for specific
information, or other persons told them about the articles, or the
articles were found as citations in other publications. Browsing
tends to be done on recently published journals to keep current
with the literature. The engineers will find some articles that are
of immediate use, but often will identify articles that are of interest, but not of current use. In this instance, they will frequently
photocopy or print out the article for future reference. Above we
mentioned that 30% of the readings involved articles that had
been read before and many of the previous readings initiated
through browsing. As shown in Table 10.4, about half of readings
are identified through browsing. Note that the “critical incident”
question addressed to the last reading asked how the engineer
initially found out about this article. Thus, the age of the article
when last read may be several years after it has been initially
identified. In fact, 36% of articles initially identified by browsing
are over two years old when last read. As shown on this table,
most browsing is from personal subscriptions, all of which were
print in the surveys. Even though electronic subscriptions are
available, no reading in the surveys of engineers revealed use of
this format for browsing. Scientists also tend to continue browsing their print personal subscriptions even though most subscriptions are now available electronically.
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Table 10.4 Proportion of Readings of Articles That Are Identified by
Various Means by University and ORNL Engineers: U.S. 2000–2003
Means of Learning About Articles
Browsing journal
Personal print copy
Library print copy
Library e-copy
Other digital collection
Searching
A&I database
OL journal collection
E-current contents
Another person informed
Cited in publication
Other or doesn’t know
Total

University (%)

ORNL (%)

50.0
[61.8]
[11.8]
[23.5]
[2.9]
17.6
[83.3]
[8.3]
[8.3]
13.2
14.7
4.4

46.4
[46.2]
[23.1]
[30.7]
[*]
10.7
[66.7]
[*]
[33.3]
28.6
7.1
7.1

99.9

99.9

*No observations.
Source: Surveys at ORNL, Drexel University, University of Pittsburgh, University of Tennessee (n = 96).

On the other hand, when library journals are browsed, the engineers will usually use electronic versions when available from
the library, because it takes them less time to do so. More is said
about this later.
Sometimes engineers have a problem or an information need
that requires searching for information of which they were previously unaware. This is usually done by searching online (or other
automated) bibliographic databases. Such searches can be done
from traditional abstracting and indexing (A&I) databases or
search engines such as Google. In no instance was the latter reported by the engineers surveyed. About 15% of readings by university engineers and 7% by ORNL engineers were identified in
this way. Once online searching identifies a needed article, an engineer must locate where to get a copy of the article such as a library collection or some other source. Some services provide integrated online full-text journals and search capabilities, thus
eliminating the additional step. While not widely available to engineers, this capability will undoubtedly become ambiguous in the
future.
Often another person (such as a colleague or librarian) will inform an engineer about an article when asked or by mentioning it
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to the engineer. This was true for 13% of university readings and
29% of ORNL readings. Sometimes the person will also provide
the engineer with a copy of the article which, as shown previously
(Table 10.3), happened with 10% of the university readings and
11% of the ORNL readings. Citations are also used to learn about
needed articles. In our surveys of engineers, we estimate that
about 14% of university readings and 7% of ORNL readings are
found through citations in other publications.

10.6

AGE OF ARTICLES READ

A majority of engineers’ article readings are from recently published journals (see Table 10.5); however, an appreciable amount
of reading is from articles that were published over 10 years prior
to the reading.
The oldest article reported by engineers in the surveys was 33
years old. It appears that the university engineers tend to read
older articles more frequently than the ORNL engineers, and it is
believed that other nonuniversity engineers tend to read even
newer articles than those from ORNL. Generally, older articles
tend to be more valuable in that they are more important to the
principal purpose for which they are read (4.84 average importance at 1 or 2 years vs. 5.22 over 2 years) and engineers tend to
spend more time reading older articles: 40 minutes for articles 1

Table 10.5 Proportion of Article Readings by University and ORNL
Engineers by Age of Articles Read: 2000–2003
Age of Articles (years)

University (%)

ORNL (%)

1
2
3
4,5
6–10
Over 10

54.6
15.4
8.6
7.1
4.3
10.0

60.7
14.3
10.7
*
10.7
3.6

Total

100.0

100.0

*No observations.
Source: Surveys at ORNL, Drexel University, University of Pittsburgh, University of Tennessee (n = 98).
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or 2 years old, 48 minutes at 3 to 5 years, and 58 minutes for
those older than 5 years.
Table 10.6 displays the sources of articles read by the age of
these articles. The library collection is the principal source across
all the ages of articles, but becomes the dominant source as the
age increases. There are some older readings of personal subscriptions, even over five years old, although this represents only 6% of
all personal subscription readings. Somewhat surprisingly, the
age distribution for articles read from electronic journals is almost the same as for those read from print journals. It appears
that some articles are identified by one means and then obtained
from the library’s electronic collection when available.
Also, as shown in Table 10.7, the electronic journals provide
some older articles that are read. Somewhat surprisingly, the age
distribution for articles read from electronic journals is almost the
same as for those read from print journals. It appears that some
articles are identified by one means and then obtained from the library’s electronic collection when available.
As might be expected, newer articles are predominantly found
through browsing as shown in Table 10.8. The means of identifying articles is essentially what one might expect as the articles become older.
10.7

FACTORS THAT AFFECT USE

There are many factors that contribute to the use or nonuse of
journals. An extensive discussion of these factors is given in King

Table 10.6 Proportion of Article Readings by University and ORNL
Engineers by Source of Articles and Their Age: 2000–2003
Age of Articles
(Years)

Personal
Subscriptions
(%)

Library
Collections
(%)

Separate
Copies
(%)

Total
(%)

1,2
3–5
6–10
Over 10

37.1
21.4
33.3
*

40.0
42.9
66.7
75.0

22.9
35.7
*
25.0

100.0
100.0
100.0
100.0

*No observations..
Source: Surveys at ORNL, Drexel University, University of Pittsburgh, University of Tennessee (n = 98).
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Table 10.7 Proportion of Article Readings from Electronic or Print
Journals by University and ORNL Engineers by Age of Articles Read:
2000–2003
Age of Articles
(Years)

Electronic Journals
(%)

Print Journals
(%)

1,2
3,5
6–10
Over 10

67.9
14.3
10.7
7.1

72.8
14.3
4.3
8.6

Total

100.0

100.0

Source: Surveys at ORNL, Drexel University, University of Pittsburgh, University of Tennessee (n = 98).

and Tenopir (2001) and elsewhere in this book. The surveys described in this chapter have addressed some of these factors that
affect journal or journal-related service use. These factors affect
choices made concerning use of a particular journal, specific articles and information content, the means to identify articles, and
the sources to obtain them. Some important factors related to use
are:
 The awareness of particular journals, specific articles, identification means, and sources
 Ease of use, including intellectual and physical effort required to use journals and related services
 The importance of and satisfaction with attributes of journals and related services
 Availability and attributes of alternatives to the journals
and related services
Table 10.8 Proportion of Article Readings of University and ORNL
Engineers by How They Were Identified by Age of Article: 2000–2003
Age of Article
(Years)

Browse
(%)

Online Search
(%)

Citation
(%)

Person Told
(%)

Total
(%)

1,2
3–5
Over 5

58.8
35.7
*

20.6
7.1
38.5

11.8
28.6
30.8

8.8
28.6
30.8

100.0
100.0
100.1

*No observation.
Source: Surveys at ORNL, Drexel University, University of Pittsburgh, University of Tennessee (n = 97).
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Some examples are given below that show how the factors influence the use of journals and so on.
Awareness does not mean that a journal or service will necessarily be used, but lack of awareness means that a needed journal
service probably will not be used. While awareness of journals
may seem obvious, it may be that the lack of awareness has been
a problem in the past and might be in the future. In 1977, a national survey of scientists revealed that, on average, they read at
least one article from 13 journals. That number has currently increased to well over 20 journals, thus indicating that there may
have been a lack of awareness of needed journals in the past. The
increase in the range of journals read appears to be related to a
combination of emergence of electronic journals and more extensive use of online searching of bibliographic databases. Also, the
general decrease in personal subscriptions and reliance on library
collections may contribute to this phenomenon (but less so for engineers).
All university respondents who were asked about electronic
journals indicated they were aware of them, but 15% had not used
them in the past 30 days. Awareness of some new features of journals and their extent of use are summarized below:
 Journals published exclusively in electronic format: 89%
aware, 4% have published in them.
 Backward and forward citation links: 70% aware, 41% have
used.
 Links to numeric databases and images: 52% aware, 15%
have used.
 Electronic journals available back to their earliest published
issues: 85% aware, 75% have used.
 Large preprint archives: 63% aware, 26% have used.
 Author websites: 44% aware, 44% have used, 19% have their
own author websites.
Thus, scientists and, perhaps to a lesser degree, engineers appear
to be aware of advanced features of electronic journals and do use
them, but not necessarily extensively so.
Chapter 2 provided a schema showing the many channels by
which scientific and technical (engineering) information content
is communicated. Journal articles are somewhat far down the
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stream following informal reporting, technical reports, and conference presentations and proceedings, among many other channels. Thus, engineers have substantial opportunity to be exposed
to the information content found in articles that are subsequently
read by them. In fact, the engineers in the surveys were asked
(concerning their last article read): “Prior to your first reading of
this article, did you know about the information reported or discussed in this articles?” Nearly half of the engineers reported that
they were aware of the information, although they read the article anyway, sometimes at great length. One concern expressed
about author websites is that the lack of awareness of specific
websites is a barrier to their use; another is the continuity of
them when an author moves, retires, or dies. Studies of library
use have shown that sometimes engineers and other professionals
are unaware of the extent of their library collections and search
services, and once aware, say that they will begin using them
(Griffiths and King, 1993, 1991). For example, 21% of special library users, such as those at ORNL, were unaware of online database search services and one-third of those unaware said they
would likely use the service in the future (now they are aware).
Ease of use is an important factor in the extent to which journal-related services and advanced features are used. The time required to identify, locate, and obtain needed articles has clearly
affected use. For example, having electronic journals available in
library collections has meant they are much more extensively
used than the available print collections. One reason for the use of
electronic collections is that engineers (and scientists) are observed to spend about 15 minutes less time per reading to obtain
the electronic version from library collections. On the other hand,
with personal subscriptions, about 80% of the readings continue
to be from print even though electronic versions are available.
Earlier surveys had indicated it took less time to browse print
journals than electronic versions, but more recent and refined
data suggest that this might not be true. Nevertheless, it appears
that engineers consider the personal print journals to be easier to
use. Another aspect of ease of use is whether electronic articles
are read on the screen or printed out to read. Of the readings from
electronic articles, only 24% were read on the screen. These readings tend to be of shorter duration than those printed out and
read. The observation of where the electronic articles are read
(i.e., on screen or printed out) tends to be consistent with observa-
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tions with respondents from other disciplines, thus suggesting
that ease of use is a factor in choosing whether to read on-screen
or not. It is noted that a decision to print out is also dictated sometimes by the need to keep a copy available in much the same way
as photocopying from print.
Journals and related services have distinct attributes that relate to their use. For example, important journal attributes are
their quality (partially determined by review and editing policies),
size (i.e., number of articles, pages, etc.), number of issues, nonarticle features (mentioned above with awareness), available format, archive availability, price, and so on. Attributes are important as well for sources of articles, such as library collections.
Examples of library collection attributes include comprehensiveness of journal collections, age of collections, location (i.e., distance to users), hours of operation, accessibility of collections (e.g.,
traditional, compact, or remote shelving), existence of a periodicals room, format of the collection, and collection-related services
such as reference support, workstation capabilities, photocopying
and workstation printing availability, and so on. Search services
have attributes such as price, recall and precision of search results, and display features. All such attributes have a bearing on
use that is partially determined by how important such attributes
are to users and how well satisfied users are with them (Griffiths
and King, 1993). However, each use may have different levels of
importance and satisfaction.
Finally, there are almost always alternative sources of information provided by journals and the related services. The availability of these alternatives, awareness of them and their attributes,
and their ease of use will have a significant bearing on use. For
example, engineers will subscribe to a journal if it is sufficiently
read (they average 26 readings per subscription) and its price
warrants purchase. Otherwise, engineers will seek other sources
of a journal, usually their library. In the print world, they are observed to subscribe to more journals when they are further away
from their library, thus trading-off their time required to go to a
library to read and the expense of purchasing journals.

11
ENGINEERING COMMUNICATION
PATTERNS COMPARED WITH
SCIENCE AND MEDICINE

11.1

INTRODUCTION

The unique nature of how engineers communicate is best demonstrated by comparing their communication patterns to those of
others. Perhaps the most frequent distinction studied is that between engineers and members of other scientific disciplines.
Many of these distinctions are covered earlier in this report, but
some bear repeating here. Early classic studies by Pinelli, Allen,
Taylor and others found that differences in the goals and purposes of engineers and scientists result in different patterns of communication, beginning when they are students. Many of the
differences are due to fundamental differences in the disciplines—engineering is focused on production and design, while
science is focused more on theory and building cumulative knowledge. Engineers also differ from scientists because they work
within time constraints, are more focused on authoritative answers to specific questions, do not typically cite others’ work, use
libraries less, and rely less on research journals (Grigg, 1998).
An assessment of information needs of seven specific fields of
science (physics, chemistry, biology, geosciences, astronomy,
mathematics, and computer science) and engineering is made by
Gould and Pearce (1991). This assessment is based on in-depth
Communication Patterns of Engineers. By Carol Tenopir and Donald W. King
ISBN 0-471-48492-X © 2004 Institute of Electrical and Electronics Engineers
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interviews and consultations with 131 individuals who teach,
conduct research, or are clearly connected with scientific research. Each field of science and engineering is discussed regarding:





The nature of research performed
The nature of information
The future for information in the field
The use of engineering information, including:
1. Primary literature (serials, patents, technical reports,
standards)
2. Major indexing and abstracting services (print and electronic)
3. Current awareness services and products (current research, electronic networks, conference proceedings, letters, journals, newsletters, technical reports, preprints,
databases)
4. Other electronic sources
5. Future needs and directions (of the literature, electronic
resources, interpersonal information environment, education, and data).

The results clearly show that not only are engineering and science
information needs different, but all individual fields of science are
unique in themselves.
Many reviews of the literature point out differences between
engineers and scientists. For example, Blade (1963) discusses the
nature of engineering, including aspects of creativity, research,
and education. Rosenbloom and Wolek (1967) present examples of
differences observed regarding engineers’ and scientists’ sources
of information. In 1988, Allen explores some of the principal differences observed in some of his and other research projects (see
the following text). He also discusses the relation between science
and technology, and how knowledge diffuses over time from science to technology and finally into products. He shows how information flows among these phases of research and development,
and gives some data from citation analysis to demonstrate his
model of this flow. In particular, he surveys most of the significant literature regarding information-seeking processes and the
factors that explain these differences.
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11.2 PROFESSIONS OF ENGINEERING, SCIENCE,
AND MEDICINE
Raitt (1984) summarizes differences observed between engineers’
and scientists’ professions. He quotes Gerstl and Hutton who
summarize: “Woelfle indicates that engineers are responsible for
formulating basic technical concepts, transforming them from
ideas into physical entities, adapting resulting products to specific applications and evaluating their usefulness. They are thus
more oriented towards applications rather than the generation of
new concepts and theories leading to an increase in knowledge,
which is the domain of the scientist. Whereas, science is concerned with knowledge for its own sake and with the search for
truth, engineering is concerned with creating devices that will be
useful. The engineer is thus the medium by which the public enjoys the fruits of scientific research” (Gerstl and Hutton, 1966).
Although Gerstl and Hutton note that engineering on a technical level is closely related to and interdependent on science,
they and others point to distinct differences between science and
engineering, which must be appreciated. Allen considers that engineers differ from scientists in their professional activities, their
attitudes, their orientations, and even their typical family backgrounds. There is often a difference in education with the scientists going through a longer, more academic educational process,
and in addition there may be a difference in their information
use and communication patterns. Ladendorf (1970) believes that
the striking contrasts in communication behavior patterns between scientists and engineers can be traced to fundamental differences in group organization and motivation. Scientists see
themselves as belonging to an amorphous group of colleagues
who share research interests and attitudes, regardless of their
organizations and geographical locations. In contrast, the engineer/technologist works for organizations that are product/
profit-oriented and that control the work (to create or improve
products).
Allen goes further and suggests that mission-oriented organizations (as opposed to discipline-oriented) do not permit, for competitive reasons, free communication between members engaged in
proprietary research and people outside the organization. Because of the nature of their work, which is not contributing to theoretical advances and an increase in general knowledge, engi-
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neers will tend more to publish their results in internal reports
and memos rather than in journals read by the scientific and
technical community at large. They are thus results-oriented
rather than information-oriented. As a consequence of this, engineers are not closely connected to the formal communications media and thus have no real reason to read journals. Indeed “technical” journals are usually incomprehensible to them. Technologies
do have their own journal systems, like science, but the literature
does not cumulate and build on itself the way science does. It contains fewer references to other work and the work reported serves
to document end products rather than announce theories.
King Research surveys found that the activities performed by
engineers, scientists, and medical professionals are considerably
different; for example, in industry and government the projected
amount of time spent by engineers differs as compared to others
performing various work activities. In Table 11.1 these activities

Table 11.1 Average Annual Amount (Hours) and Proportion (%) of
Time Spent by Engineers, Other Scientists, and Medical Professionals
in Performing Various Activities: U.S. Observed 1986–1998
Engineers
Type of Activity

Medical

Hours

(%)

Hours

(%)

Hours

(%)

281

13.2

1,168

49.0

1,166

52.2

593
177
142

27.9
8.3
6.7

209
173
152

8.8
7.3
6.4

—
69
191

—
3.1
8.6

336

15.8

204

8.6

79

3.5

37
83
41
135
136
167

1.7
3.9
1.9
6.3
6.4
7.8

68
38
68
130
107
67

2.8
1.6
2.8
5.5
4.5
2.8

26
243
—
125
182
152

1.2
10.9
—
5.6
8.2
6.8

2,128

99.9

2,384

100.1

2,233

100.1

Primary research (data collection,
observation, experimentations,
etc.)
Engineering (design, drawings,
etc.)
Technical or research support
Secondary or background
research
Management, supervision, hiring
Finance, accounting, budgeting,
etc.
Operations, practice
Marketing and sales
Professional development
Educating and training others
Other
Total

Scientists

Source: Surveys at AT&T Bell Labs, Air Products & Chemicals, Inc., Baxter Healthcare,
Eastman Chemical Co., Eastman Kodak Co., National Institutes of Health, Procter &
Gamble Co. Engineers (n = 252), Scientists (n = 943), Medical (n = 585).
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are categorized generally into primary work activities (e.g., research, engineering, technical support, management, etc.). Professionals are projected to spend an average of 2,248 hours a year
working (not including vacation, sick leave, holidays, etc.). One
assumes that the normal eight-hour workday results in about
1,800 hours of work a year (again, excluding vacations, sick leave,
holidays, etc.). Survey respondents were asked to indicate the
number of hours per year, in addition to the eight-hour work day,
that they devote to work for their organization or their own professional development. This amount is estimated to be on average
across all professionals, 448 hours per year or 8.6 hours per week.
Table 11.1 shows that, on the average across the three professional fields in which these data were gathered, professionals perform a wide range of primary activities. Primary research, engineering, and management consume more than 50% of the time of
all three professions. These numbers break down very differently
within professions, however, with engineers spending the least
amount of their time doing primary research. In fact, primary research is third at 13.2%, behind engineering (27.9%, which is to
be expected) and management activities at 15.8%. Both scientists
and medical professionals spend much less time performing management activities. The table also shows evidence of how scattered most activities are, from the standpoint of how professionals
spend at least some time on the activity and how many activities
have at least 25% of their time spent on them. Engineers have the
most scattered activity of all, with engineering activities just
barely over the 25% mark. Other scientists and medical professionals spend a greater portion of their time focused on their primary research.
Information output of professionals is summarized in Table
11.2. Two kinds of information output are presented: (1) number
of times the professionals were consulted or gave substantive advice to others, and (2) number of documents prepared or written.
Engineers generally compare evenly to scientists and medical professionals for different types of oral communications, except for a
marked increase in the number of presentations made both internally and externally about proposals or plans.
Engineers’ written communications, however, are higher than
scientists and medical professionals on almost every measure (except formal records of research). Engineers produce fewer co-authored scholarly journal articles (0.04 on average as compared to
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Table 11.2 Average Annual Output by Non-University Engineers,
Other Scientists, and Medical Professionals by Type of Output:
Observed, 1986–1996
Type of Output
Oral Communication
Substantive consultation, advice (times
given)
Presentations about research
Internal meetings
External meetings
Presentations about proposals/plans
Internal meetings
External meetings
Workshops, seminars, university classes
Internal meetings
External meetings, classes
Written Communication
Scholarly journal articles
Sole author
Co-author
Books
Sole author
Co-author
Patent documents (over 5 years)
Application sole author
Patent granted sole author
Application co-author
Patent granted co-author
Other publications (e.g., conference
proceeding)
Sole author
Co-author
Formal records of research, technical or
administrative work (e.g., lab notes,
reports)
Written proposals, plans
Other Communication
Publications edited, reviewed, refereed
Contacts with suppliers, vendors, etc.
Letter
Telephone
Visit

Engineers

240

Scientists

227

Medical

274

4.0
0.3

4.8
1.1

4.7
2.4

15.9
11.1

8.6
3.2

10.6
2.2

0.4
0.3

0.9
0.7

2.0
1.1

1.06
4.31

0.09
0.95

0.03
0.09

0.12
0.30

0.02
0.08

0.01
—

0.25
0.07
0.65
0.19

0.11
0.03
0.36
0.12

—
—
—
—

0.11
0.60
44.2

0.13
0.32
48.2

0.05
0.09
16.3

10.3

5.7

3.1

0.9

4.0

6.9

1.7
6.2
1.8

5.5
4.6
1.7

16.3
24.5
0.8

Source: Surveys at AT&T Bell Labs, Air Products & Chemicals, Inc., Baxter Healthcare,
Eastman Chemical Co., Eastman Kodak, National Institutes of Health, Procter & Gamble
Co. Engineers (n = 252), Scientists (n = 943), Medical (n = 585).

11.3 COMMUNICATION CHANNELS

155

0.95 and 0.09) and also twice as many written proposals or plans.
This seems consistent with the engineers’ greater number of oral
communications about proposals and plans.

11.3 COMMUNICATION CHANNELS USED BY ENGINEERS,
SCIENTISTS, AND MEDICAL PROFESSIONALS
Below are some study results that compare communication channels used by engineers and scientists. Some of the data involving
engineers were reported in earlier chapters. For example, Rosenbloom and Wolek (1970) surveyed more than 3,000 engineers and
scientists in large corporations and from a sample of members of
the Institute of Electrical and Electronics Engineers. One principal focus of the data collection was to determine communication
channels used by engineers and scientists to perform their work.
Respondents were asked to report their most recent instance in
which an item of information proved to be useful in their work
(excluding someone in their immediate circle of colleagues). Channels used are summarized in Table 11.3.
Clearly, these engineers in the 1960s relied much more on
channels found in their own organization than on external ones
(63% vs. 33%), and they relied more on interpersonal sources than

Table 11.3 Proportion of Instances in which Engineers and Scientists
Use Various Communication Channels That Were Useful in Their
Work, by Type of Channel: U.S. 1960
Proportion of Instances (%)
Type of Channels
Channels within own company
Interpersonal
Local source (within establishment)
Other corporate
Written media (documents)
Channels outside company
Interpersonal (anyone outside company)
Written media
Professional (books, articles, etc.)
Trade (trade magazines, catalogs, etc.)
Source: Rosenbloom and Wolek, 1970.

Engineers

Scientists

25
26
12

18
9
6

11

16

15
11
100

42
9
100
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on written materials (62% vs. 43%). Scientists’ most important
source was the published literature (43% of instances).
Allen (1988) reports comparisons observed in the early 1980s between communication channels used in performing technological
projects and scientific research projects, summarized in Table 11.4.
These results suggest that engineers are more dependent on
colleagues and scientists use the literature more than engineers
do. Allen points out that engineers also need different kinds of
journals and they use the literature for entirely different purposes. Engineers spend 7.9% of their time using the literature versus
18.2% by scientists (or 48% and 64% of total time spent communicating).
The amount of reading done by professionals also varies between professions, as does the type of document read (see Table
11.5). Total readings are lowest among engineers, who read only
257 documents per year on average, compared to 316 documents
for scientists and 352 documents for medical professionals. The
pattern of total readings is reflected in the number of scholarly
journal articles read.
Internal reports are much more frequently read by engineers
and they read fewer professional books. The rest of the documents
appear to be read an equal amount by the engineers, scientists,
and medical professionals.
Leckie, Pettigrew, and Sylvain (1996) studied and compared

Table 11.4 Proportion of Instances in Which Various Channels Were
Used for Technological and Scientific Projects, by Type of Channel:
U.S. 1983
Proportion of Instances (%)
Type of Channel
Literature
Vendors
Customer
Other external sources
Lab. technical staff
Company research programs
Analysis and experimentation
Previous personal experience

Source: Allen (1984).

17 Technological
Projects

2 Scientific
Research Projects

8
14
19
9
6
5
31
8

51
0
0
14
3
3
9
20

100

100

157

11.3 COMMUNICATION CHANNELS

Table 11.5 Average Amount of Reading* in a Year by Engineers, Other
Scientists, and Medical Professionals by Type of Document: U.S.
1986–2003
Engineers
Type of Document

Readings

Scholarly journal articles
Trade journals, bulletins
Professional books
Other books
Internal reports
External reports
Patent documents
Total

Scientists

Medical

(%)

Readings

(%)

Readings

(%)

98
47
14
26
73
8
6

36.0
17.3
5.1
9.6
26.8
2.9
2.2

148
55
28
27
44
13
18

44.4
16.5
8.4
8.1
13.2
3.9
5.4

241
52
21
23
12
11
1

66.8
14.4
5.8
6.4
2.3
3.3
3.0

272

99.9

333

99.9

361

100.0

*Readings are defined as going beyond the title and abstract to the body of the document.
There can be multiple readings of a particular document.
Source: Surveys at AT&T Bell Labs, Air Products & Chemicals, Inc., Baxter Healthcare,
Eastman Chemical Co., Eastman Kodak Co., National Institutes of Health, Procter &
Gamble Co., Oak Ridge National Laboratory, Drexel University, University of Pittsburgh,
University of Tennessee. Engineers (n = 401), Scientists (n = 1,344), Medical (n = 740).

the information-seeking behavior of engineers, health care professionals, and lawyers and provide an extensive literature review of
similar studies conducted in the past. They point out that the emphasis in engineering is on solving technical problems, with a resultant product, process, or service. Documentation is a byproduct, but they typically need more information than they create.
The product of a scientist’s work, in contrast, is often new knowledge presented in papers or reports and they use information to
create more information (Leckie, Pettigrew, and Sylvain, 1996).
Lalitha compared engineering and medical professionals in India and found more similarities than differences. Engineers do
write more, in particular more “semiformal” documents such as
reports, and conduct more research projects. They belong to more
professional organizations, but both groups are motivated by selfimprovement and feel the need to keep up-to-date in their fields.
Both medical and engineering professionals want current materials, but are selective in what they want. Engineers are slightly
more dependent on formal sources such as books, monographs,
journals, reports, patents, standards, and conference proceedings,
but they tend to use only those sources that are readily available.
Use and accessibility were found to be important to both groups of
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professionals. This study also found that informal communication
is “more organized” and “more active” in medicine than in engineering (Lalitha, 1995).
Use of computers and electronic resources also varies with
workfield. Saudi engineering faculty are more likely than science
faculty to use computers for teaching and research (93% of engineers vs. 67% of scientists) and are twice as likely to have a computer on their desks (Al-Shanbari and Meadows, 1995).
Although they do not specifically mention engineers, Kling and
McKim (2000) and Mahé, Andrys, and Chartron (2000) provide
detailed analyses of the different rate of acceptance of electronic
media in various professional fields and conclude that widespread adoption is not inevitable in all fields, or of equal value.
High- energy physicists lead in e-media adoption by sharing
working papers and preprints (Kreitz et al., 1996). Molecular biologists rely more on archival journals, but share raw data
through databases, and information researchers share some information electronically.
Adoption of electronic journals can be predicted by studying
traditional communication patterns in workfields, as “each discipline has its own background activity patterns and information
needs” (Mahé, Andrys, and Chartron, 2000). Scientists in restricted-flow fields that rely more on peer-reviewed journals (such as
chemists, molecular biologists, and psychologists) are less willing
to circulate electronic preprints than are those in open-flow fields,
such as high-energy physicists and computer scientists (Kling and
McKim, 2000). Older disciplines (such as physics, chemistry, or
mathematics) need older information more than fast-changing
ones (i.e., biology and computer science) (Mahé, Andrys, and
Chartron, 2000).

11.4 RESOURCES AND TOOLS USED BY ENGINEERS,
SCIENTISTS, AND MEDICAL PROFESSIONALS
11.4.1

Time Spent on Communication-Related Activities

Based on surveys by King Research, professionals are projected to
spend about 58% of their time communicating. This information
is obtained by asking professionals first to indicate the proportion
of time they spend performing their primary work activities (the
sum being 100%). We then ask them to subdivide their time into
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the proportion spent actually doing the analysis, experiments, accounting, supervision, etc. and the proportion spent communicating (e.g., through consulting or advising others, writing, reading,
etc.). Table 11.6 shows engineers spend 17.7% of their time receiving information input through interpersonal means, as compared
to 13% for scientists and 13.2% for medical professionals. Comparing these percentages to the time spent on information input
through reading shows that engineers spend less time in reading
activities than interpersonal communications. Both scientists and
medical professionals spend almost two-thirds of their informational input time performing reading activities.
The data on the amount of time spent reading various types of
documents reflects, to a degree, the pattern of reading given in

Table 11.6 Average Annual Amount (Hours) and Proportion (%) of
Time Spent by Engineers, Other Scientists, and Medical Professionals
in Performing Communication Activities: U.S. 1986–1998
Type of
Communication Activity

Engineers
Hours

Informal discussions
207
Information input
Attending internal meetings
136
Attending external meetings
34
Reading articles, reports, e-mail, 280
etc.

(%)
9.7

Scientists
Hours
166.6

Medical

(%)

Hours

(%)

7.0

153

6.9

6.4
1.6
13.1

111
32
553

4.7
1.3
23.2

39
103
598

1.7
4.6
26.8

Total input

450

21.1

696

29.2

740

33.1

Information output
Consulting/advising others
Internal presentations
External presentations
Writing  proposals, plans
 technical reports
 articles, books, etc.
 programs, software

222
99
24
92
117
12
17

10.4
4.7
1.1
4.3
5.5
0.6
0.7

175
69
29
92
124
26
9

7.3
2.9
1.2
3.9
5.2
1.1
0.4

188
21
15
30
33
125
7

8.4
0.9
0.7
1.3
1.5
5.6
0.3

Total output

583

27.3

524

22.0

419

18.8

1,240
58.3
2,128 100.0

1,386
2,384

58.1
100.0

1,312
2,233

58.9
100.0

Total communication time
Total work time

Source: Surveys at AT&T Bell Labs, Air Products & Chemicals, Inc., Baxter Healthcare,
Eastman Chemical Co., Eastman Kodak Co., National Institutes of Health, Procter &
Gamble Co. Engineers (n = 252), Scientists (n = 943), Medical (n = 585).
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Table 11.5. Engineers spend most of their time in reading activities (30.7%) on other types of documents, including e-mail. This
time spent on other readings explains the lower amount of total
readings in Table 11.7.
Tables 11.5 and 11.7 also reflect a trend in reading activity by
engineers, which is illustrated in Table 11.8. The table shows that
the average number of scholarly article readings has remained
constant over a 23-year time span, but the average number of
hours spent reading these documents has fluctuated. The amount
of time spent reading in 2000–01 is still an increase over the time
spent reading in 1977, but is a drop from the amount of time
spent in 1984.
11.4.2

Use of Tools

Griffiths et al. (1991) also report that the use of libraries for workrelated purposes (late 1980s) is far less by engineers than by scientists: 39 times per year per person by engineers; 96 times by
natural scientists; and 80 times by other scientists. A national
survey reported by them in 1984 shows 54, 60, and 68 times per
year, respectively. The late 1980s results are largely from compa-

Table 11.7 Average Annual Amount (Hours) and Proportion (%) of
Time Spent Reading by Engineers, Other Scientists, and Medical
Professionals by Type of Document Read: Observed 1986–2001
Engineers
Type of Activity
Scholarly journal articles
Trade journals, bulletins
Professional books
Other books
Internal reports
External reports
Patent documents
Other (including e-mail)
Total

Scientists

Medical

Hours

(%)

Hours

(%)

Hours

(%)

81
11
19
24
58
6
4
86

28.0
3.8
6.6
8.3
20.7
2.1
1.4
29.7

114
20
58
39
53
16
19
239

20.4
3.6
10.4
7.0
9.5
2.9
3.4
42.8

285
19
66
50
22
24
2
110

49.3
3.3
11.4
8.7
3.8
4.2
0.3
19.0

280

99.9

558

100.0

578

100.0

Source: Surveys at AT&T Bell Labs, Air Products & Chemicals, Inc., Baxter Healthcare,
Eastman Chemical Co., Eastman Kodak Co., National Institutes of Health, Procter &
Gamble Co., Oak Ridge National Laboratory, Drexel University, University of Pittsburgh,
University of Tennessee. Engineers (n = 401), Scientists (n = 1,344), Medical (n = 740).
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Table 11.8 Average Annual Number of Scholarly Article Readings by
Engineers and Time Spent Reading: U.S. 1977, 1984, 2000–01
1977

1984

2000-01

Readings Time (Hours) Readings
80

60

80

Time (Hours)
105

Readings
83

Time (Hours)
72

Source: King Research national surveys 1977, 1984; University of Tennessee, Oak Ridge
National Laboratories 2000–2001.

nies and government agencies, whereas the 1984 national statistical survey included academic engineers and scientists as well. It
is believed that academic engineers use libraries more frequently
than do other engineers. In the 1984 survey, engineers were observed to use automated bibliographic searching far less than scientists: 0.8 average times per year by engineers; 5.8 times by natural scientists; and 1.7 times by other scientists. The 1984 survey
showed that the proportion of engineers who use computers is
about the same as scientists (85% of engineers), but engineers averaged fewer hours using the computers.
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THE NASA/DOD AEROSPACE
KNOWLEDGE DIFFUSION
RESEARCH PROJECT

12.1

INTRODUCTION

It is unlikely that any researcher studying the communication
patterns of engineers has matched the output that Thomas Pinelli and his collaborators have produced over the past 15 years.
Through survey work undertaken by the NASA/DOD Aerospace
Knowledge Diffusion Research Project, Pinelli has produced a
clear picture of how aerospace engineers and scientists produce
and use technical information and of the value they place on
knowledge. His scope includes studies of aerospace engineers at
all stages of their careers, from different types and sizes of organizations, and from numerous nationalities. As a NASA researcher,
he has paid particular attention to the role that federally funded
research and development plays in the work of aerospace engineering.
Pinelli and his colleagues explore the production, transfer, and
use of knowledge in Knowledge Diffusion in the U.S. Aerospace Industry. Specifically, their work focuses on the role that federally
Communication Patterns of Engineers. By Carol Tenopir and Donald W. King
ISBN 0-471-48492-X © 2004 Institute of Electrical and Electronics Engineers
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funded research and development plays in the large commercial
aircraft sector of the U.S. aerospace industry. Millions of taxpayer
dollars are spent on such R&D annually, yet little is known about
how the resultant aerospace knowledge diffuses through the industry and elsewhere. The study aimed to understand the diffusion at the individual, organizational, national, and international
levels.

12.2 FOCUS ON COMMERCIAL AIRCRAFT MANUFACTURING
IN THE UNITED STATES
While the number of manufacturing firms has decreased through
time, the level of international collaboration continues to grow.
Today, international collaboration is the norm as the U.S. firms
Boeing and McDonnell Douglas rely heavily on foreign companies
to supply components. This creates serious implications for the
diffusion of knowledge. Knowledge is seen as critical for the success of the U.S. aerospace, yet knowledge must be shared for international collaborations to work. As a result, knowledge must
be carefully managed for U.S. firms to maintain their preeminent
marketplace in the global economy.
U.S. public policy shapes the production of large commercial
aircraft. Government intervention in the industry’s development
occurred once the military and economic values of aircraft were
recognized. Pinelli et al. believe there are five factors that create
government interest today:
1. The industry’s importance to the economy and national security
2. The positive trade balance created by industry sales
3. The importance of tourism, dependent on large aircraft, to
the economy
4. Facilitation in trade by moving people and goods
5. Growth of the industry in the job sector
The effect of U.S. public policies, whether aimed at the industry
or directed toward another national objective (i.e., national security, economic well-being, foreign policy), has been to increase
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both pull incentives, which create demand for large commercial
aircraft, and push incentives, which create supply. Generally,
public policies have favored knowledge creation over knowledge
diffusion with the government taking a hands-off approach. As
the aircraft industry faces increasing global competition, this laissez-faire approach is being questioned as knowledge management
becomes more necessary.
The federal government has had an ongoing role in aeronautical research and technology knowledge production. Public funding
for science and technology is a recent development stemming from
World War II and the Cold War; however, funding has been tied
to either specific agencies or national goals (i.e., national security,
industry development). Recent developments have seen a funding
shift toward dual-use technologies (i.e., having both military and
commercial potential) that would have economic benefits. Pinelli
et al. (1997a,b) critique the system as it favors knowledge production over knowledge diffusion. For the U.S. aircraft industry to remain economically vital, they argue that aeronautical policy
should optimize the diffusion of knowledge produced from federally funded research and technology, from foreign research, and
from cooperative ventures.
NASA has had a major role in disseminating the results of federally funded aeronautic research and technology. Since 1917, the
U.S. aircraft industry has been a beneficiary of research preformed by NACA (National Advisory Committee for Aeronautics)
and later by NASA. Innovations created by NACA fostered the establishment of the industry, and NASA research is a major source
of external knowledge used by the large commercial aircraft sector today. NASA employs both informal and formal communications to disseminate its research and technology to the air and
space industries. Informal communication includes collegial contacts and personnel visits among academia, industry, and NASA.
Formal communication includes the publication and presentation
of NASA-funded work. The authors contend that the informal system is problematic as knowledge users can only learn what the
collegial contact happens to know. Formal communication is difficult because it employs a one-way, source-to-user transmission
and because it relies heavily on information intermediaries. The
authors hope the system could be modified to place more emphasis on knowledge transfer and utilization and to have greater concern for the knowledge user.
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12.3 COMMUNICATION BY U.S. AEROSPACE ENGINEERS
AND SCIENTISTS
Like other researchers, Pinelli and his associates have found differences between engineers and scientists in their use of knowledge. Scientists are producers of knowledge (facts) and engineers
are producers of designs, products, and processes (artifacts). There
has been a tendency toward a convergence of scientists and engineers in the aerospace field, however, the social part of the engineers’ work distinguishes them from scientists. Pinelli et al.
(1997a,b) argue that the “science” and “engineering” resulting from
federally funded aerospace research should continue to be published in journals and technical reports, respectively, with greater
emphasis placed on engineering. They note that a substantial
amount of federal engineering research remains undocumented.
Finally, they hope that knowledge derived from federal research
and development is diffused to meet the needs of a variety of scientists and engineers coming from a variety of organizations.
Much of the work Pinelli did was under the NASA/DOD Aerospace Knowledge Diffusion Research Project, which studied the
diffusion of aerospace knowledge at various levels and the information-seeking behavior of aerospace engineers and scientists.
Started in 1987 and lasting 10 years, the project was undertaken
by researchers at the NASA Langley Research Center, the Indiana University Center for Survey Research, and Rensselaer Polytechnic Institute. The researchers examined five areas:
1. The U.S. aerospace industry
2. U.S. policies that influenced aerospace commerce
3. U.S. technologies policies and their relation to the aerospace
industry
4. The system used to transfer federally funded aerospace research and development
5. The relationship between science and technology
The project, which consisted of self-reported mail questionnaires
and telephone surveys, was conducted in four phases. Phase 1 focused on the information-seeking behavior of U.S. aerospace engineers and scientists. Survey respondents were drawn from the
American Institute of Aeronautics and Astronautics (AIAA), the
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American Society for Testing and Materials (ASTM), the Human
Factors and Ergonomics Society (HF&ES), the Society of Automotive Engineers (SAE), the Society of Flight Test Engineers
(SFTE), the Society for Advancement of Material & Process Engineers (SAMPE), the Society of Manufacturing Engineers (SME),
NASA aerospace technologists (ASTs), and subscribers to Aerospace Engineering and Manufacturing Engineering.
Phase 2 explored the role intermediaries play in the diffusion of
aerospace knowledge. Survey respondents were drawn from several sources, including the Directory of Special Libraries and
Information Centers and the Special Libraries Association. Phase 3
studied the information-seeking behavior of U.S. aerospace students and faculty and the role played by academically affiliated intermediaries. Survey respondents were drawn from faculty and
students involved with either the NASA/USRA Capstone Design
Program, aerospace programs accredited by the Accreditation
Board for Engineering and Technology (ABET), or the AIAA. Phase
4 looked at the information environment of non-U.S. aerospace engineers and scientists. Site-specific surveys were performed in
India, Israel, Japan, the Netherlands, and Russia.
In Phase 1 surveys, a majority of all respondents labeled themselves as engineers (except in the AIAA Survey 10). Day-to-day
responsibilities varied among the survey population, as did education levels. Scientists and engineers from academia, government, and industry were all represented. The survey pool was divided into nine aerospace-related disciplines. The majority of
respondents in all disciplines were male, with propulsion and production having the highest percentage of men (97%) and avionics
the lowest (76%).
Respondents from all disciplines believed that effective communication is important to the success of their duties. Hours spent
communicating per week was high in all disciplines, with a low of
27.8 hours per week for research to a high of 46.0 for sales and
service. More time is spent communicating information to others
than working with information received from others. With the exception for avionics and design, respondents in all other disciplines spend more time communicating orally than they do in
writing. Other trends that emerged were that time spent communicating has increased over the last five years and, as respondents advance professionally, they spend more time communicating.
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Most of the respondents had been involved in collaborative
writing over the last six months, with a high of 100% for production and a low of 67% for flight test. Across all disciplines, the respondents produced more informal information products (i.e., letters) than formal products (i.e., journal articles). Letters and
memoranda were produced most of all. They also used more informal than formal products. Respondents tended to be higher users
of information products than producers of products.
Pinelli et al. examined the use and importance of five technical
information channels: (1) conference and meeting papers, (2) journal articles, (3) in-house technical reports, (4) DOD technical reports, and (5) NASA technical reports. Respondents in research
and avionics tend to use and regard as important these products
more than do designers and scientists in the other disciplines.
Eight factors affecting the use of selected information channels
were also examined. These eight factors were categorized into
three groups: (1) accessibility, (2) cost, and (3) content. For conference papers, journal articles, in-house reports, and NASA reports,
five factors were the most important: relevance, technical quality,
comprehensiveness of data and information, ease of obtaining,
and ease of reading and using. Of all the factors, relevance was
chosen as most important when deciding whether to use an information channel. Across the disciplines there was little variation
in the ranking of factors.
Using the same eight factors, the respondents gave their opinions of the information channels. For conference papers, the respondents assigned “relevance to work” and “good prior experience with use” as their highest ranking. For journal articles,
“good technical quality” and “good prior experience” received the
highest marks. For in-house technical reports, the highest ranks
were given to “easy to obtain physically,” “good prior experience
using them,” and “can be obtained at nearby location or source.”
For NASA technical reports, respondents rated “good technical
quality,” “comprehensive data and information,” and “good prior
experience using them” as highest.
The majority of respondents used computer networks in their
professional duties with a high of 92% for design and a low of
76% for sales and service. Across all disciplines, respondents
considered computer networks important for performing their
jobs. Networks were used most often for electronic mail and connecting to geographically distant sites. They were used least of-

12.3 COMMUNICATION BY AEROSPACE ENGINEERS AND SCIENTISTS

169

ten to order documents from the library and to prepare papers
with colleagues at geographically distant sites.
Respondents were asked questions concerning the use and importance of libraries. Most respondents indicated that their organization had a library. Respondents in human factors, avionics,
production, and sales and service had the highest library use
rates in the survey. Respondents in research considered the library most important for performing their professional duties. Of
those respondents who had not used a library in the past six
months, the most common reason was that their information
needs were easily met some other way.
Survey respondents were asked to identify the informationseeking steps they take to find information needed to solve a professional task. The typical search strategy was to:
1.
2.
3.
4.
5.
6.

Search a personal store of technical information.
Speak with co-workers inside the organization.
Speak with colleagues outside the organization.
Use literature resources in the organization’s library.
Search an electronic database.
Consult a librarian.

Pinelli et al. (1997a,b) found that U.S. aerospace engineers and
scientists who used federally funded research and design tended
to get it from multiple sources. Across all disciplines, respondents
used co-workers and colleagues inside and outside their organization and NASA and DOD technical reports at about the same rate
to find out about federally funded R&D. Respondents in sales and
service, research, and avionics had the highest use of NASA and
DOD contacts. NASA and DOD workshops, visits to NASA and
DOD facilities, and publications such as NASA STAR were the
least-used methods to find out about federally funded R&D.
In a separate survey of AIAA members, the authors examined
the use, frequency of use, and familiarity with bibliographic products that provide access to federally funded R&D. Respondents
were questioned about four print and three electronic bibliographic products. Overall response rates indicate that little use is made
of these products. NASA STAR had the highest use rate, but still
less than 25% of the respondents consulted it. Fewer than 10% of
the respondents used the other print sources. The majority of the
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respondents were not familiar with the products, in particular with
the electronic sources. Among respondents who were familiar with
the print products the major factors in non-use were lack of availability and accessibility and reliance on others to search for information. For the electronic sources, the major reason for non-use
was they could get the information more easily from other sources.
Pinelli et al. (1997a,b) also surveyed members of the AIAA, the
SAE, and the SME to determine how uncertainty affects information-seeking behavior and the use of federally funded aerospace
research. The AIAA respondents on average had more schooling
and professional experience. The SME survey had the smallest
number of respondents who were educated as engineers. A majority of AIAA and SAE respondents were involved in design and development, while the majority of SME respondents were involved
in manufacturing and production.
Respondents from the three surveys all reported similar patterns of information seeking. Informal and internal information
channels and sources were favored first. If the information needs
could not be met, formal and external information sources and
channels were then used. Technical uncertainty influenced the selection of information channels and sources; however, it was not a
strong predictor of the frequency of use. There was also no strong
correlation between technical uncertainty and the amount of time
spent communicating.
As technical uncertainty increased, there was a higher use by
respondents of federally funded aerospace R&D found in DOD
and NASA technical reports. Factors that contributed to the use
of these technical reports included technical quality, comprehensiveness, and relevance. Respondents rated cost and ease of access as less important.
The communication practices and information activities of new
U.S. aerospace engineers and scientists are revealed in a survey
of AIAA members who had recently changed their status from
student to professional. Pinelli et al. compared the responses of
the new engineers to those of engineering students and established engineers.
Respondents were asked to rank engineering, science, and
management goals and aspirations. Both new engineers and engineering students gave the highest ratings to engineering goals.
However, engineering students ranked science and management
goals as more important than the new engineers.
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Established engineers rated the importance of communicating
technical information effectively much higher than the new engineers. Established engineers also spent more time communicating and working with technical information than the new engineers. Both groups reported that they wrote in collaboration, and
both new and established engineers considered collaborative writing as more productive than writing alone.
New engineers and engineering students were asked to rank
the importance of various communication and information-use
skills to future personal success. Both groups rated these skills as
important, with higher ranks coming from the engineering students. At least 50% of the respondents had received instruction in
communication skills, with engineering students generally rating
the helpfulness of the instruction higher than the new engineers.
Library use was nearly equal for both new and established engineers. The most common reasons for non-use by both groups
were “My information needs were more easily met some other
way” and “I had no information needs.” Thirty-five percent of both
groups had not used a library to complete their most important
project and a majority of respondents from both groups had not
consulted a librarian on their most important project.
For completing the most important tasks of key problems, new
engineers relied more on colleagues and co-workers than established engineers as part of their information search. Established
engineers relied more heavily on their personal stores of knowledge. Both groups relied on colleagues and co-workers to find out
about federally funded aerospace R&D, while NASA and DOD
were the most important written sources for both groups to find
out about that type of R&D. Both groups considered the time it
took to locate and obtain the results of federally funded R&D to be
a problem.
The authors also studied the career choice, satisfaction, expectations, and the technical communication practices and instruction of U.S. undergraduate and graduate engineering students.
The work was based on a survey of AIAA student members and
represents a Phase 3 activity of the NASA/DOD Aerospace
Knowledge Diffusion Research Project.
Undergraduates placed high importance on achieving career
success through advancement within an organization. Graduate
students placed high importance on developing a professional reputation through communication. These goals reflect the former’s
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leanings toward industry and the latter’s preference toward academia.
Both undergraduate and graduate students believed that communication and information-use skills are important for professional success. The majority of both groups have received instruction in these skills. Undergraduates appeared to be as competent
as graduate students in information-seeking skills. However, undergraduates used these skills less often. Fifteen percent of the undergraduates claimed not to have used a library during the school
term, compared to only 5% of the graduate students.
Undergraduate and graduate students differed in the sequence
of sources they consulted when problem solving, but both groups
relied nearly half the time on their own stores of personal or technical information as the first step. Nearly three-quarters of the
undergraduates (74%) and two-thirds of the graduate students
(67%) did not consult with a librarian at all during the search
process.
Sources of information used varied between the undergraduates and graduate students. Undergraduates had a preference for
textbooks, handbooks, audiovisual materials, and drawings or
specifications. Graduate students had a preference for journal articles, computer programs and documentation, conference or
meeting papers, theses or dissertations, U.S. government and industry technical reports, and technical translations.
A Phase 4 activity of the NASA/DOD Aerospace Knowledge
Diffusion Research Project surveyed aerospace engineering professionals and students in India, Japan, the Netherlands, Russia,
and the United Kingdom. Aerospace engineers and scientists
showed many similarities irrespective of nationality. All respondents reported spending a large and similar amount of time communicating and working with received technical information.
Most tend to write both alone and in collaboration. Collaborative
writing is viewed by respondents as being equally or more productive than writing alone. The respondents as a group use more
technical information than they produce, with journal articles being the most popular. With the exception of the Russians, all respondents rely heavily on personal stores of knowledge when
problem solving. Speaking with co-workers is also an important
source of information for all groups. Library use varied, with Indians making the most visits to libraries and Americans the fewest.
Americans had the greatest access to computer networks while
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Indians had the least; however, the mean importance rating of
electronic networks was similar for all groups.
All students shared similar career goals and aspirations, with
“having the opportunity to explore new ideas about technology or
systems” rated the highest. All respondents agreed that communication and information-use skills are important for professional
success. U.S. students received the most technical communication
training; Japanese students received the least. The majority of respondents found collaborative writing equally or more productive
than writing alone. For information needed in problem solving, all
groups relied heavily on personal stores of technical information
as well as talking with fellow students and faculty. Indian students had the highest rates of library use with American students
having the lowest. British students, closely followed by American
students, had the highest use of electronic networks, while Russian students had the lowest use.
U.S. aerospace engineering faculty were also studied by Pinelli
et al. as a Phase 3 activity of the NASA/DOD Aerospace Knowledge Diffusion Research Project. This work was based on a survey
of AIAA members who identified themselves as educators. To determine the effects of academic work experience, the sample pool
was divided into those with less than 15 years of academic experience and those with more than 15 years. Both groups agreed that
communicating technical information effectively is important.
Both spent roughly the same amount of time communicating information as well as working with information received from others. The majority of respondents indicated that journal articles
and conference and meeting papers were the most-used information products. The more experienced faculty tended to use letters
and memoranda to a greater extent. Conference and meeting papers and journal articles were also heavily produced by both
groups. Almost all respondents used computer networks and
made use of electronic mail and the World Wide Web. Both groups
of faculty find libraries to be important in performing their duties.
Proximity of the library to the faculty does appear to influence
use, however.
Out of five technical information products, journal articles and
conference and meeting proceedings were used the most by faculty in both groups and were considered the most important.
NASA technical reports were the third most frequently used and
considered third most important. The most important factor re-
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garding the use of these three products was their relevance to
work.
For problem solving, faculty in both groups preferred to rely on
their own personal stores of knowledge as the first step. This was
generally followed by consulting with co-workers and colleagues.
Over half the respondents in both groups do not consult with a librarian when problem solving.
The survey of AIAA members also produced information about
the communication environment of small, medium, and large U.S.
aerospace organizations. Face-to-face communication was employed most often by respondents in all three sizes of enterprises
and it was also considered the most important type of communication. The majority of respondents considered written communication to be the most accurate, as well as the most useful, form of
communication. In all three sizes of companies, face-to-face communications was the most frequently used way to obtain information within a department. Face-to-face conversations were most
frequently used within the department to provide information;
telephone conversations were most frequently used to provide information outside the department.
Overall, 80% of the respondents used electronic networks in
their professional work, but half of the respondents considered
the computer networks to be neither important nor unimportant.
Respondents used electronic networks more frequently for internal rather than external communication.
Pinelli et al. also investigated the use of computer networks in
a survey of subscribers to Aerospace Engineering. Respondents included engineers and scientists employed in academia, government, and industry, a majority of which had access to either a local or organizational computer network. Half had access to an
external research network.
Respondents used computer networks most frequently for electronic mail, file transfer, remote log-in to access files, remote login to run a program, and electronic bulletin boards. Respondents
used networks more frequently to communicate with co-workers
than with people outside the organization. Computer networks
were used for a wide variety of workplace tasks, the most frequent
of which was performing mathematical analyses.
The role played by intermediaries in the diffusion of aerospace
knowledge was studied in a survey of academic and aerospace industry libraries as part of Phase 2 and 3 activities of the
NASA/DOD Aerospace Knowledge Diffusion Research Project.
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Libraries and librarians play a vital role in providing NASA
and DOD technical reports to their intended users. Pinelli et al.
(1997a,b) found that intermediaries have a grasp of the technical
information needs of their user community, but they do not play
an active role in disseminating NASA-generated knowledge. Part
of the problem lies in funding and staffing issues for libraries;
however, the larger problem appeared to be NASA’s inability to
involve intermediaries in the knowledge-transfer process. The
survey showed that there were few contacts between NASA and
libraries regarding the transfer of federally funded R&D.
Libraries have a major role in providing access to U.S. government technical reports and Pinelli et al. also examined how these
reports are used. Nearly all the respondents (97%) to a survey of
AIAA members used U.S. government technical reports in their
work. All groups found government technical reports to be important information products. Respondents used an average of 11.5
government technical reports over a six-month period. The main
factors affecting the use of U.S. government technical reports
were relevance and technical quality or reliability. The major use
of the reports by the respondents was for research followed by education and management.
Nearly two-thirds of the respondents (64%) used the U.S. government technical reports in completing their most important
project or solving their problem. Personal stores of knowledge
were the major way respondents used to find out about government technical reports. This was followed by asking co-workers
inside the organization and then by asking colleagues outside the
organization. Over two-thirds of the respondents (67%) used U.S.
government technical reports through the entire project or problem, while 42% of the respondents used them at the beginning.
Overall, AIAA members found U.S. government technical reports
both effective and efficient in helping them complete their projects and solving their problems.

12.4

OTHER RELATED WORK

Barclay, Pinelli, and Kennedy (1993, 1994) compared the technical communication practice of Dutch and U.S. aerospace engineers and scientists as part of the NASA/DOD Aerospace Knowledge Diffusion Research Project. The amount of time spent
producing and communicating technical information was compa-
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rable for both the Dutch and Americans. High percentages of both
groups (90%) considered the ability to communicate effectively as
important for professional success. A majority of respondents
found that the time they spent communicating had increased over
the past five years.
Both groups tended to produce the same types of information
products, regardless of whether work was done alone or in collaboration. Abstracts, journal articles, conference and meeting papers, letters, and drawings/specifications were the products most
used by the Dutch respondents. Memoranda, journal articles, letters, conference and meeting papers, and abstracts were the products most used by the American respondents. A much greater percentage of the Dutch scientists and engineers indicated that a
library or technical center was located in the building where they
worked than did the Americans (44% of the Dutch compared to
only 9% of the Americans). Not surprisingly then, the Dutch visited their library or technical center more than their American
counterparts in the last six months.
Both groups displayed similar patterns when selecting an information source for problem solving—Dutch and American aerospace engineers and scientists relied heavily on personal stores
of technical information and contacting co-workers within their
organization. Nearly all the American and Dutch respondents
used computers to produce technical information (98% and 91%
respectively). Word processing programs were the most popular
computer applications used by both groups, while 89% of
Americans used electronic networks at work compared to only
65% of the Dutch. Familiarity may engender trust, as U.S. respondents considered electronic networks almost twice as important as the Dutch did.
Both groups relied heavily on their own national technical reports. The Dutch tend to have better access to foreign technical
reports than the Americans (perhaps a reflection of the proximity
of the libraries or maybe just a function of the relative size of the
countries). Foreign-language fluency was much greater with the
Dutch respondents than with the American respondents.
Pinelli, Kennedy, and Barclay (1994) investigated the importance of technical communications and information-use skills to
engineering students, the instruction they received in communication skills, and the helpfulness of that instruction. This research was based on a survey of AIAA student members that was
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undertaken as part of the NASA/DOD Aerospace Knowledge Diffusion Research Project.
Students ranked the importance of six communication and information-use skills to their future professional success. Nearly
all of the respondents (90%) ranked using computer, communications, and information technology as being important. These were
followed by technical writing/communication (84%), speech/oral
communication (84%), using engineering/science information resources and materials (80%), using a library that contains engineering/science information resources and materials (64%), and
searching electronic databases (51%). At least half of the respondents had received training in one of the six skills, the high being
83% for using computer, communications, and information technology and the low being 50% for searching electronic databases.
The respondents often did not consider that the instruction was
helpful, however. Instruction in using computer, communications,
and information technology was thought to be most helpful (68%),
while instruction in using a library than contains engineering/science information resources and materials was thought to be least
helpful (39%).
Pinelli et al. (1995) also examined the technical communication
abilities, skills, and competencies of U.S. aerospace engineering
students along with survey data on career goals and aspirations
and computer use. Respondents had goals that were more engineering oriented rather than science and management oriented.
Eighty-four percent of the respondents hoped to have the opportunity to explore new ideas about technology or systems and 70%
desired to work on projects that require learning new technical
knowledge. Over two-thirds (68%) of the students owned a personal computer. Nearly all (almost 99%) indicated that they use
computers to prepare written technical communications and 82%
of them always use them when writing these communications.
The top two reasons given for not using a computer were “no or
limited computer access” and “lack of knowledge and skills in using a computer.”
Pinelli et al. (1997d) compared the technical communication
practices of Japanese and U.S. aerospace engineers and scientists as a Phase 4 activity of the NASA/DOD Aerospace
Knowledge Diffusion Research Project based on a survey conducted in Japan and the United States. Some differences were
found. Japanese had a greater language fluency than
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Americans—Japanese were fluent in English and Japanese and
a majority read German, while Americans were fluent only in
their native English. Japanese respondents spent more time
writing communications, while the Americans spent greater time
communicating orally. The American respondents devoted more
hours to working with written and oral communication than did
the Japanese. A majority of both Japanese and American respondents wrote in collaboration and believe that collaborative
writing is about as productive or more productive than writing
alone. Most respondents thought undergraduate aerospace students should take a class in technical communication, although
this opinion was more strongly held by the Americans. Japanese
respondents used their organization’s library much more than
their American counterparts, although both groups thought the
library was important for performing their job. A much greater
number of the Americans (89%) used electronic networks than
did the Japanese (55%). The Americans considered electronic
networks to be more important in performing their duties than
did the Japanese. Both groups made high use of the NASA technical reports.
These technical reports produced by authors at the NASA Langley Research Center were studied further by Pinelli, Barclay,
and Kennedy (1994), who examined reader preferences. The research was a Phase 1 activity of the NASA/DOD Aerospace
Knowledge Diffusion Research Project and consisted of surveying
producers and users of the technical reports.
Respondents indicated that the most common reading sequence
of the reports was the conclusion, results and discussion, title
page, introduction, and summary. Respondents used the abstract,
conclusions, title page, and introduction to determine whether to
read the full technical report. Both producers and users indicated
that the foreword and preface could be deleted from reports. A
strong majority of producers and a majority of users thought that
only longer reports needed a table of contents and a majority of
respondents wanted technical reports to contain a summary as
well as an abstract. A majority also preferred references to be cited by number rather than by author and year. Producers tended
to prefer the passive voice, while users favored the active voice.
Both groups preferred reports to be written in third person voice
to those written in first person.
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SUMMARY

Much of our understanding of the communication patterns of scientists and engineers in the recent decades can be traced to the
ongoing and systematic research of Thomas Pinelli. His work focuses on multiple aspects of communication, including information seeking, information use, and information outputs, leading
also to conclusions on how information can be better structured or
provided. He has frequently collaborated with others over the
years, spawning a new generation of researchers.
The work of Pinelli and his collaborators paints one picture of
the communication patterns of engineers that has remained stable. Engineers have unique communication patterns. They favor
informal and oral communication and also use a wide variety of
written sources and channels of communication, but they prefer
easily accessible information sources. They value high-quality information but are not always successful in getting it or using it in
an efficient manner. Engineers also must create information outputs but are not always comfortable doing so. The ongoing research of Pinelli and his collaborators also reveals changes in the
1990s that are putting new communication pressures on engineers. International cooperation, the increased need for collaboration, and advances in information technologies make information
access, use, and creation an increasingly important aspect of engineers’ work.

13
SUMMARY

It has been said that “communication is the essence of science”
and, as a field of science, this statement certainly holds true for
engineering. However, it is abundantly clear that engineers communicate differently from other fields of science. Engineers tend
to rely much more on interpersonal and informal means of communication than other scientists who read journals more frequently and are most inclined to use other formal means of communication as well. The reasons for this may be the nature of
engineering work, but also engineers’ inherent personalities,
ways of addressing problems, and learning style may play a role
as well. Engineers tend to be self-sufficient and more direct in
their approach to work. Their learning style emphasizes listening
and discussing rather than observing and reading. It may be that
those who enter engineering as a profession may lean toward a
certain personality, way of thinking, and learning style.
Communication requires considerable resources, particularly
time. Studies over the years indicate that engineers spend more
than half their time communicating and that amount of time appears to be increasing. Yet, the quality of communication may be
deteriorating, which is disconcerting because of the positive impact of good communication.
Over the years, studies have revealed many indicators of the
Communication Patterns of Engineers. By Carol Tenopir and Donald W. King
ISBN 0-471-48492-X © 2004 Institute of Electrical and Electronics Engineers
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usefulness and value of communication and information use, including:
 Engineer productivity and indices of the amount of communication are correlated.
 Engineers with work that has been formally recognized (e.g.,
by an award) tend to communicate more than those whose
work hasn’t.
 Communication skills of engineers lead to better hiring opportunities and career advancements.
 Good communication results in higher quality work, faster
performance, and ends up saving money and other resources.
 Communication is important to all phases of projects.
Communication is essential to life-long-learning. Science information doubles about every 15 to 20 years; that is, since 1985 all scientific knowledge discovered throughout history has now doubled.
This means that an engineer at graduation will have had access
to only one-sixth of the knowledge that must be mastered during
a career. Furthermore, engineers in industry tend to be assigned
new projects that require unfamiliar knowledge. Thus, engineers
must continue to learn and substantial communication is necessary for the learning process.
Engineering communication is extremely complex, due in part
to the many types of activities performed by engineers: research,
design, development, production, construction, teaching, management, marketing and sales, and so on. Each of these activities relies on communication and information as a resource to perform
the activity and the output of the activity is often information
that needs to be recorded and communicated to others.
The many means by which engineers communicate are referred
to as channels. Channels are both written or recorded (as databases or images) and interpersonal or oral. Examples of written or
recorded channels include:
 Formal publications such as scholarly and trade journals,
books, internal and external reports, patent documents, conference proceedings, standards, regulations, dissertations,
and so on.
 Letters, memorandum, proposals, specifications, and so on.
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 Numeric and bibliographic databases, graphics, drawings,
computer programs, and so on.
Examples of interpersonal or oral channels include informal discussions, program reports, internal presentations, conference presentations, and sales presentations.
Within each channel are sources of information that engineers
can use. For example, sources of journals include personal subscriptions, library collections and separate copies of articles such
as preprints, reprints, interlibrary loan, document delivery,
copies from colleagues or authors, and author websites. Each
source might be available in an alternative format. Again with
journals, library collections are printed issues (or bound), electronic, and microfilm. The complexity of communication becomes
even greater because specific information can be obtained from
several channels such as personal contact, conference proceedings, journal articles, and so on; although the information often
appears in specific channels at different periods of time. For example, information can appear sequentially in a conference presentation, proceeding and articles over several years. There has
been a recent evolution of online engineering books and reference
tools that are essential for engineering undergraduate students to
learn engineering concepts.
Because new knowledge continues to grow exponentially, engineers feel the need to keep up with this growth and often do so by
browsing trade and scholarly journals, attending conferences and
other meetings, and holding discussions with colleagues. However, there are times when work requires learning about new information, determining which channels can be used, and obtaining it
from accessible sources. We refer to these communication processes as information seeking. Engineers’ information seeking involves all the channels mentioned above, varies with each information need, and generally differs by engineering discipline (e.g.,
aeronautical compared with civil engineering), the nature of work
being performed (e.g., research vs. design), country (e.g., based on
access to technology, funds available, and culture), and personal
characteristics (e.g., gender and age). What tends to be common to
all engineers is the need to obtain information quickly with as little effort as possible. This need dictates to a large degree, the information seeking behavior of engineers.
For several decades there has been widespread concern over the
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quality of engineers’ communication. Much of this concern involves
writing ability that goes beyond improving grammar, sentence
structure, or avoiding jargon, to clearly presenting ideas, writing to
a specific audience, and writing for specific types of publications.
Another concern is with interpersonal communication and with
formal presentations including use of relevant graphics and articulation of central ideas. Finally, there is a sense by some communication researchers that engineers don’t fully utilize communication resources such as technologies and libraries. There appears to
be a link in engineers’ reluctance to change and adaptation to new
technologies. Libraries sometimes aren’t used by engineers because they are unaware of important services that are provided or
because they don’t fully appreciate the benefits of their use.
Suggested solutions for improving engineers’ communication
include: improving education and training, organizing to facilitate
communication, modifying information services, and designing
flexible systems to address the complexities of engineers’ communication. These approaches are as follows:
 The engineering and communication educational communities have together taken a serious approach to improving all
facets of engineering communication: writing of all types of
documents, oral presentations, arguing and articulating different points of view, team communication, and better utilization of various channels, sources (particularly libraries),
and available technologies. Various studies and experiments
throughout the world have shown substantial progress and
promise.
 Engineers’ organizations have taken steps to internally organize to promote better communication through recognizing
and aiding information-intensive staff members, such as
gatekeepers, who support other engineers; improving awareness of information channels, sources and services; train engineers to communicate better; improving internal information facilities infrastructure, and services (i.e., libraries,
databases, networks, etc.); and structuring the organization
and management to facilitate better communication.
 External information services such as engineering societies,
publishers, information analysis centers, clearinghouses, library consortia and aggregators, bibliographic database services, and Web-based services have all been much more sen-
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sitive to engineers’ communications needs and have adjusted
to accommodate such needs, albeit somewhat slowly in some
cases.
 A related solution to communication problems is to design
flexible communications systems that will deal with the
many complexities of engineering communication.
The library community is also supporting these efforts. The Library Division of the American Society for Engineering Education
has recently taken an initiative to develop literacy standards for
engineers.
Engineers use a variety of informal and formal, oral and written information resources to help them accomplish their tasks
more efficiently and more effectively. Although information is
essential to the engineering workplace environment, it is not yet
optimally integrated into work projects and workday tasks. Creating computer-based information systems that capture information at all stages of the design and engineering processes can improve information use in the workplace. Electronic journals that
are designed with the needs of the engineers in mind can be an
important component of this system. Use of such systems, however, will be predicated on designing systems that match the way
engineers work and incorporating a program of information literacy education in the workplace.
The community of engineering practitioners, faculty, students,
and information specialists saw many steps taken in the 1990s towards using technology for improving information seeking by engineers and some improvements have been achieved as a result.
However, the possibilities technology offers to the engineering
community has yet to be fully exploited and much remains to be
accomplished. Using technology more wisely can be facilitated by
forums at national meetings where engineering practitioners, educators, librarians and others can discuss such issues and resolve
them in a meaningful way.
In this book we have tried to show how engineers communicated in the past, why they communicated in this way, and what can
be done to improve communications. We also presented examples
from our studies, as well as those of others to illustrate important
aspects of communication. It is hoped that these studies provide
an understanding of communication patterns of engineers and
that such understanding will help improve communication and its
consequences in the future.
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