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Preface
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Tennessce, Center for Information Studies, to prepare an annotated bibliography of the information needs
and information-seeking habits of scientists and engineers, with emphasis on engineers. Jane Casto and
Heather Jones were designated as Student Principal Investigators, and Aaron Dobbs, Margaret Casado, Bart
Hollingsworth, and Angela Bozeman served as assistants to help search the literature and to prepare the
abstracts presented in this report. Faculty advisors were Professors Gary Purcell and George Sinkankas, who
helped design software to facilitate this project.

In addition to the staff mentioned above, I would like to thank José-Marie Griffiths for editing my
drafts, and Janet D. Miles for word processing all but the annotated bibliography. Also, | asked Dr.
Thomas E. Pinelli if he would edit Section 4.6.2 since the material is so extensive, and he and colleagues did
so in a very timely manner.

I'would like to apologize to those researchers whose work and/or publications have been excluded
because they are not sufficiently engineer-oriented or were overlooked, and, on behalf of the engineering
community. | would like to thank all the researchers who have contributed to this extensive body of

literature.

Donald W. King
August, 1994
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Section 1
Background and Introduction

1.1  Background

In 1990 the Council on Library Resources (CLR) submitted a report (75) to the National Science
Foundation entitled "Communications in Support of Science and Engineering," which addicssed the

objective of learning more about the relationship between information resources and scientific productivity.

‘The report is the outcome of a CLR conference of invited papers and papers commissioned in response to

the conference discussion. In addition to a discussion paper by Martin M. Cummings and conference
transactions prepared by Eleanor W. Sacks, the two commissioned papers below are presented in the report:
L The Users and Uses of Scientific Information Resources, Helen Hofer Gee. This paper

explains what might be learned about information needs and information-seeking habits of

scientists and engineers. It also suggests some methods that might be used to address these
issues.

L] Library Resources and Research Productivity in Science and Engineering, Nancy A. Van
House. Research was performed with 27 large research aud academic libraries to determine
whether there might be a potential correlation between library resources (e.g., collections
acquired and held) and indicators of productivity at the organizations served by them. The
pilot study did suggest some positive correlations.
Important issues identified in the report include: the future of scientific publishing, the characteristics of and
requirements for scientific communication, and the future form of library services and information systems
for science.

In June 1992, another conference, co-sponsored by the Engineering Foundation and CLR, was held
on the "Exploration of a National Engineering Information Service (NEIS)." This conference was designed
to address weaknesses perceived in gaining access to engineering knowledge (290). In particular, an
important aspect of the conference concerned issues dealing with initiating a National Engincering

Information Service. To do this, it was concluded that, among other initiatives, there nceded to te a “truly

comprehensive study of the requirements of the users of engincering information and data to provide a




fundamental input to the design considerations. . . . " As a result, the Council of Library Resources asked the
University of Tennessee, Center for Information Studies, to prepare a preliminary bibliography of engineers'

information needs, information-seeking processes, and information use.

1.2 Introduction

There have been hundreds, perhaps thousands, of studies involving scientific and technical
information communication performed over the last 25 years. This review attempts to provide a window
to these studies for persons interested in studying the results published in technical reports and the formal
literature. This review primarily deals with the information-seeking needs and behavior of engineers and,
to a lesser degree, scientists or those said to be generally engaged in research and development. The
principal focus of this review is on primary communications through interpersonal means and through
information found in documents such as books, journal articles, technical reports, and so on. Less attention
is paid here to use of secondary services and products such as printed bibliographic indexes and automated
bibliographic databases; numeric databases: intermediary organizations such as libraries, information
clearinghouses, and information analysis centers (IACs); and technologies used by engineers for
communication purposes. The review covers rescarch reported from 1970 forward (about 25 years),
although some exceptions are made, particularly when earlier studies begin a sustained series of studies or
when they serve as precedents for other subsequent studies.

Section 2 provides a brief overview and summary observations concerning:

L Scientific and technical information (ST1) communication research approaches and models.
. Communication through primary ST1 media.

° Interpersonal ST1 communication.

° STI communication through secondary media and databascs.

° Use of libraries, infe nation analysis centers (IACs), and clearinghouses.

)
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o State-of-the-art and literature reviews of engineers' information needs, information-seeking
processes, and information use. )

Section 3 discusses some distinctions made in the literaiure bet.ween engineers' and scientists' information
needs, information-seeking processes, and information use. Several extensive and continuous STI
communication research efforts have been performed in the last three decades. These research efforts are
discussed in Section 4, including general research themes, brief descriptions of research methods used, and
some significant findings. The review consists of a numbered list of 456 references, given in alphabetical
order by author (Section 5). An annotated bibliography of many of the references follows in Section 6. A

detailed subject index and author index are also provided in Section 7.

Section 1.3 Historical Overview

A few excellent studies of communication of scientists and engineers were performed in the 1950s.
A review of these and other user studies done prior to 1965 is given by Herner and Herner (152). However,
the 1960s yielded a plethora of STI user studies and surveys funded largely by the federal government
(National Science Foundation, Department of Defense, and other agencies). Two major one-time STI user
studies were sponsored by the Department of Defense (37). Also, several sustained series of studies were
begun by Garvey and Griffith at Johns Hopkins University (see Section 4.2), Allen and colleagues at MIT
(sce Section 4.3), and King and colleagues, first at Westat and then at King Research, Inc. (see Section 4.4).
A number of exemplary studies were also performed in the 1960s by Rosenbloom and Wolek (358, 359),
Paislcy (285), Menzel (261, 262), and others. In the 1970s some of the researchers above continued their
research, and their efforts spawned similar or replicated research by others. One such study in particular,
which involved a large national survey of engineers, was begun by Shuchman in 1977 (sce Section 4.5).
The 1980s also produced continued studics by Allen and colleagues, King and colleagues, and, particularly,
a series of studies performed by Pinelli, Kennedy, Barclay, and collcagues for NASA/Department of Defense

(see Section 4.6). Tushman (sec Section 4.3.1) expanded Allen's work, and Kremer (218), Kaufman (184),
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and others conducted additional surveys with engineers using similar methods. Thus far in the 1990s, studies
continue by King and Griffiths (University ofTennessec), and Pinelli, Kennedy, and Barclay. However, the
number of very large-scale studies such as those pertformed in the prior three decades seems to have
dwindled considerably.
Communication is narrowly defined by some as sending, transmitting, and receiving messages.
However, most of thé research reviewed here variously takes into acrount a broader perspective, including:
] creation of knowledge and its preparation for sending (e.g.. writing);
° the many channels used for communicating information, including interpersonal means
(e.g., informal discussions, formal presentations) and documented media (e.g.. journal
articles, books, technical reports, audiovisual) transmitted by direct distribution, colleagues,

libraries, etc.; and

. assimilation and use of information received for purposes of research, development, design,
management, and so on.

It seems, however, that there is a varicty of ways that the terms "information needs."\"information seeking,”
and "infdrmation use" are applied in the literature. For example, "information needs" for many authors refers
to the sources of information used, such as colleagues and journal articles. For others, "information needs"
apply to the information content or messages needed by engineers. Garvey (111) refers to "the nature of
information needed," giving 10 examples, including, for example, (1) to aid in perception of definition of
problems and (2) to choose a data analysis technique. Some researchers would call such examples
"information use" or "purposes of information use." "Information seeking" seems by some to mean
identifying, locating, and acquiring necded information. For others, it is all the processes used to apply any
of the many available sources of information (called channcls by somcj. The point here is not to resolve
these many differences, but rather to point out that such wide differences exist.

This review attempts to finesse this difficulty by focussing first on communication research that
identifics sources of information used and then other related aspects. To help, a subject index provides a list
of references which present ST1 communication models: information-seeking processes or sources used: and
specific topics concerning gatekeepers, ete. (or generally point-to-point communication) and knowledge

4
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diffusion or information transfer (or generally point-to-a-group or mass form of communication). Then
primary or secondary communication media are addressed, including detailed indexes of references which
discuss published or documented information; interpersonal communication; bibliographic searching
(automated and printed products and services) and numeric database use; and intermediary organizations
such as libraries, information analysis centers, and clearinghouses. The subject indexes for cach of these
topics also have sub-topics that address quantitative results dealing with amounts of use, factors affecting
use, purposes of use, and consequences of use. Also addressed are communication research methods
described in the literature (e.g., surveys, literature reviews, experiments) and special topics discussed such
as implications for education. policy, and new technologies, among others. It is hoped that these "slices"
of the literature over the past 25 years \.vill provide a means to obtain needed data or information about

engineers' communication, with emphasis en their information needs, information seeking, and information

use.




Section 2
Summary Observations Concerning Communication by Engineers

2.1  STI Communication Research Approaches and Modéls

The communication research performed since 1970 seems to be based on five kinds of models or
research approaches to examining STl communication. The first approach focusses communication research
‘ observations on research and development (R&D) projects and tasks. Engineers and scientists are asked to
indicate information sources used by them to perform a recent or particularly important R&D task. With
this approach, one can establish the relative importance of various personal, interpersonal, published, and
other information sources. Allen, Tushman, Shuchman, Pinelli et al., and others have based some of their
research on this approach. Another research approach focusses on the exchange (flow) of information among
individual engineers (and scientists). This STI communication research determines the extent to which
specific individuals are used as an information source and the extent to which intra-unit, intra-organization,
and external information sources (variously called channels) are utilized. Allen, Tushman, and others
particularly rely on this approach. This research approach has demonstrated that there are information-
intensive individuals in organizations who are extensively used as a source of information by others in their
organizations ("information stars") . those who are particularly effective in communicating beyond their units
and organizations ("information boundary spanners"), and those who informally or formally enhance a unit's
communication capabilities as stars and boundary spanners ("information gatekeepers”). This approach has
led to "models" that describe and sometimes illustrate the frequency of point-to-point contacts made between
individuals.

Another kind of research has involved what might be referred to as the "life-cycle o‘f information"
model. This research approach examines newly created information and follows it through its "life" of use

through communication channels such as internal discussions and reporting in an organization, reporting in
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professional meetings, and on through formal pub':cation of meeting proceedings, journal articles, books,
state-of-tne-art reviews, and so on. This Kind or research is particularly exemplified through studies
performed by Garvey and colleagues. The life cycle of information is modelled or portrayed by a time line
in which the information appears in various media. Average, median, and frequencies of time spans are also
presented in the literature.

A fourth kind of research approach e. amines the amount of information-related activity and
information use which involve either specific communication functions (e.g., authorship, publishing,
identification and location, storage for later use, reading, etc.) or the participants/stakeholders who perform
the functions (e.g., authors, publishers, libraries, etc.). For this approach, information and data are collected
from each type of participant. Garvey, King, Pinelli et al., and their colleagues have employed this research
approach. A critical incident of authorship, use of secondary services, or reading is sometimes used as the
principal research method. For a critical incident of reading, for example, data are coflected concerning such
topics as time spent reading, how the item was identified and obtained, purpose for read-ing, and outcomes
of reading (such as time saved, improved decision-making, increased quality of research, and so on).

A related kind of research approach measures the amount and characteristics of flow of information
among functions or participants, such as between authors and publishers; publishers and engineers: libraries
and vendor databases: libraries and engineers; and so on. Appropriate measures are examined for
information input sources, value-added processes, and information output destination for each of the
participants/stakeholders. Garvey, King, and colleagues have particularly utilized this form of research and
model. This kind of research provides a means of modelling the amount, timeliness, and cost of tte flow

of information through various channels.

14




2.2 STI Communication

There is ample evidence of the substantial amount of time spent by engineers in communicating,

both as input to their work (recading, listening) and as output resulting from their work (written documents,

presentations):

Research Communicator Hours or Pr.portion of Time
Allen (6) R&D Total: 48% of time
Total: 40% of time
Mick, etal. (264) R&D &iiﬁ;’;ﬁ;ona]: 2(;;;:;: gft::iirr:z
Other: 7.0% of time

Total: 1,190 hours; 50% of time
Griffiths/King (137) R&D Input: 613 hours; 26% of time

Output: 577 hours; 24% of time

. Total: 66%
Pinelli, et al. (339) Engineers ¢ Input: 31% of 40 hours/week
Output: 35% of 40 hours/week

Turoff (407) reports that scientists and engineers at AT&T spend two-thirds of their time communicating.

Although engineers spend a substantial amount of their time communicating, they choose to do so
because their performance depends on communicating. Research reported over the years indicates that those
who spend more time communicating perform better (e.g., 138, 182) or are high achievers (137, 241).
Research also suggests that projects have a better outcome when the project staff communicates more (14).
In recent years there has been an interest in designating companies as "learning organizations" that take
advantage of what can be learned from outside sources of information.

Another aspect of STl communication is the many forms or media used for communication,
including the published literature, and interpersonal conversations and formal presentations. The literature

reports a wide difference in findings of the relative importance of various forms of communication.
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However, the differences observed in i.mportance of the literature versus interpersonal sources of information
may reflect the niche required for all forms of communication. Clearly, most communication researchers
have shown that easc of use or time required by users dictates information sources used by engineers.
However, the purpose of use {and/or stage of a project) also affects sources used. For example, Gerstenfeld
(123) shows that writien sources arc more commonly used for basic research and interpersonal sources for
applied rescarch. Allen and Gerstenberg indicate that experience and engineers' personality are related to

literature use; that is. gatckeepers read more than others (e.g., 16).

2.3 . Communication Through Primary STI Media

Primary STI media include formal publications such as journal articles, books, published meecting
proceedings, technical reports, and patents. They also include engineering and related information recordc'd‘
in non-paper media, such as audiovisual, CD-ROM, and so on, as well as information obtaiied through
interpersonal means (see Section 2.3). Secondary STI media, on the other hand, are used principally to
identify and locate primary STI sources, although sometimes primary data and information may be found
in abstracts, ctc. Allen, Tushman, Shuchman, Pinelli et al., and others have all observed that personal and
interpersonal sources of information are much more likely to be used initially by enginecrs in addressing a
project or éroblcm. Engineers also tend to use internal technical reports more often than externally published
materials. For this reasor., these communication researchers have downplayed the importance of journal
articles, books, and other externally published literature. While Allen and others report that published
literature was not greatly utilized and was "mediocre at best in its effect,” Shotwell (374) found quite the
opposite. He found, in an R&D laboratory which emphasizes bio-sciences, that published scientific litcrature
is reported to be the best source of ideas. Others also seem to find greater use of documents (e.g., 138).

During the 1960s and early 1970s, Garvey and colleagues also reported a small amount of reading

of individual journal articles. Their research was performed by sending copies of tablcs of contents to a

10
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random sampie of engineers and scientists and askiﬁg them if they had read the articles. From the large
samples of engineers and scientists an average of about 5 to 10 feadings per article title distributed was
observed. The researchers gave these numbers in their reports. In some instances (e.g., 117), they reported
that the median amount of reading per psychology article is about 200, when extrapolated from a 7 percent
sample to the entire population. Both the 5-to-10 sample average amount of reading and the 200 median
amount of reading findings have been quoted often. To some, these results have suggested that journals are
not an effective means o communicating. From a statistical standpoint, however, it is found that the
average is somewhat higher than the median since observatiqns involve a highly skewed distribution of
readings. Furthermore, the tables of contents were sent fairly soon after publication, so that amount of
reading of articles beyond that time was not included or projected. King and colleagues (201) reviewed the
Johns Hopkins data and extrapolated results in both dimensions. The time dimension was taken into account
using an aging distribution developed by them. This produced an average amount of reading per article
about five times greater than, for example, the reported 200 readings per psychology article. Later, from a
1977 national survey of engineers and scientists, it was estimated that the average reading per psychology
article is 858 readings (197). Garvey's method was replicated by King and others, partially to understand
it better and confirm the statistical validity of estimates produced by this method (210).

The 1977 national survey and statistical estimates of number of scholarly journal articles published
show that all fields of science and technology average about 640 readings per article and engineering articles
average about 1,800 readings per article (197). Even though individual enginecrs at that time read fewer
articles (80 articles read per person per year for engineers versus 105 for all sciences), engineers produced
even fewer articles per person than the other fields of science (0.03 articles published per person per year
for engincers versus 0.14 for all sciences). Thus, the amount of reading by engincers per article published
is far greater than for any of the other fields of science. From independent surveys (138) of scientists and
engineers in six companies and government laboratorics (late 1980s, n=2,000), the average number of

scholarly articles read by engincers is 45 readings per engineer (versus 75 for all sciences). Pinclli, et al.

11




(338) observed 6.7 average readings of articles in the last month by engineers (or about 80 annuaily).
Amount of time spent reading journal articles is estimated to be about 50 hours per year per engineer. In
later studies, Pinelli and colleagues observed averages of 14.8 and 16.9 readings over six months (313).

Other research reported by Meadows (258) indicated that 1.5 papers per week (or about 75 papers
per year) are r- d by engineers (versus, for example, 7.4 per week by medical professionals) and engineers
average about 20 minutes per reading. Hall (144) reports that engineers spend about 5.5 hours per week
reading journals. King, et al. (197) report results of communication research by others which indicate
engineers spend 5.0, 19.1, and 2.2 to 3.5 hours per month reading journals.

The engineers in the six organizations mentioned above (138) average reading about as many
published materials as other scientists (265 total readings per person per year for engineers versus 262 for
all sciences), but the type of materials read is very different (see Section 3). The four most frequently read
materials are internal reports (73 readings), trade journals (47 readings), scholarly articles (45 readings), and
non-business or non-text books such as handbooks, reference books, etc. (26 readings). Extrapolating
Pinclli's monthly average to a ycar, engineers surveyed by him average 50 readings of technical reports and
68 readings of the trade literature.

Griffiths and King (137, 138) show that amount of reading by scientists and engineers is positively
correlated to five indicators of productivity; outcomes of readings are found often to be fav rable (savings
are achieved and quality and timeliness of work is improved).; and achievers tend to read more on the average

than non-achievers. Lufkin and Miller (241) made similar observations in the late 1960s.

2.4  Interpersonal STI Communication

Interpersonal communication reviewed here covers mectings and conferences, as well as informal
communication and discussions. 1t also includes a "hybrid" form of communication through tcleconferences,

c-mail, bulletin boards, and so on (which is interpersonal, but "recorded” and not strictly "oral"). Garvey,




et al. (i I5), perform in-depth research concerning the role of national professional meetings (as part of the
life-cycle of scientific and technical information). Griffiths and King (137, 138) present the number of
formal presentations made aitd number attended, as well as amount of time required for both, broken down
for internal and external meetings. Pinelli and colleagues (e.g., 328, 339) also discuss the extent of such
communication, as well as time spent and consequences of this form of communication.

Allen, Tushman, Rosenbloom and Wolek, and most of the researchers who have used similar
methods for obscrving communication patterns have examined informal interpersonal communications.
Graham, et al. (132), performed early (1966) in-depth assessment of this form of communication. Tushman:
(411) also discusses factors that affect informal communication, purposes of use for this form of
comrnunication, and consequences of it. Griftiths and King (137, 138) give estimates of number of informal
contacts and time spent in informal discussions. Pinelli, et al. (339), and Shuchman (377) also discuss the
importance of informal forms of interpersonal communication.

The literature concerning electronic forms of interpersonal communication is merely touched upon
here, hopefully to provide an entry into this extensive literature. Turoff and Scher (407). and Featheringham
(100) report on carly and extensive rescarch sponsored by the National Science Foundation on computerized
conferencing. Braham (55) discusses videoconferencing used by engineers. Electronic mail used in-house
is described by Borchardt (47) and Shuchman (377): and Pinelli, et al. (e.g., 328, 339) performed extensive
research into use of e-mail. Schaefermeyer and Sewell (365) also discuss communicating by electronic mail

and present data on input resources and outcomes of its use.

2.5 STl Communication Through Secondary Media and Databases
2.5.1 Introduction

In this section a brief review is given concerning automated bibliographic searches and databases,

‘printed indexes, and numeric databases. The literature concerning automated bibliographic scarching is at
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least as extensive as th - involving primary communication in STI. A small sample of the literature is given

here to provide access to this body of litcrature for those concerned with this form of STI communication.
L.ess research seems to have been done with automated numeric databases and printed indexes. Much of the
latter deals with sclective dissemination of information (SDI). Several references discuss methods used to

perform research in these areas. In particular, the reader is referred to Lancaster (225).

2.5.2 Automated Bibliographic Database Searches and Databases

During the 1960s a substantial amount of research was performed on information retrieval attributes
— particularly regarding "quality™ of search output. Measures, models, and methods were dcve]'op'ed to
observe the "relevance” of retrieved documents, as weli as variations of measures of the proportion of
relevant documents that are retrieved ("recall™) and the proportion of documents retrieved that are relevant
("precision™). In addition, two in-denth test databases were developed in order to examine alternate retrieval
methods and different retricvai measures. The fi st of these was developed by Cleverdon at Cranfield, UK,
and the second by Salton at Harvard University and then Cornell University. Only a relatively small portion
of this res.carch involved user participation. There are a number of statc-of—t.he-art reviews of this work
including, to name a few, King (209) in the 1960s, Saracevic (364) in the 1970s, and, more recently, Kantor
(175). Mischo and Lee (266), and Mailloux (244). The in-depth research on relevance, recall, precision, and
the like dissipated in the 1970s when automated retrieval systems went online, although there has recently
been a renewed interest in the detinition and meaning of relevance. In fact, an upcoming éhapter has been
prepared by Linda Schamber for the 1994 Annual Review of Information Science and Technology (Vol. 29)
which re-examines the history of this attribute.

Recent research on automated bibliographic database searching tends to be evaluation or research
involving system innovation, such as exemplified by Borgman, Case, Cerney, and Meadow (48, 49, 50, 51,

65. 66. 259), King (207). Kuhn and Cotter (222), Posey (345). and Williams (442). Also, a substantial
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amount of user research deals with "end-user" searching. Such research is typified by Buntrock (62), Dedert
and Johnson (85), Lescoheir, Lavin, and Landsberg (231), Richardson (352), and Walton (428).

Another body of research involves end-user surveys to determine the proportior: of population that
uscs automated bibliographic database searches, or amount of searching done. These research projects focus
(variously) on factors such as amount and quality of searching, time spent searching (or negotiating'
searches), purposes for using the service, and estimates of the usefulness, importance, and value of such
services. Large-scale national statistical surveys of users are typified by two studies in the 1960s (37), and
more recently reported by Griffiths, et al. (137, 138), and by Wanger, Cuadra, and Fishburn (429). These
studies examined extent of use and factors affecting use. Other studies are based on user surveys of limited
populations including: academic and indus;rial scientists and engineers, by Bayer, Jahoda, and Needham (32,
33, 170); aeronautics and astronautics engineers and scientists, by Pinelli, Kennedy, Barclay and colleagues
(typified by Barclay, et al. (28)); R&D professionals in industrial and government organizations, by Griffiths
and King (137, 138): forensic engineers, by Fairbanks (99); small, high-tech firms by King, et al. (194}, and
energy scientists and engineers by King, et al. (196). Other articles address other aspects of searching, such
as reported by Hill (157). Smith (384), and Williams (443).

Williams (441) presents an excellent everview of engineering and scientific databases, including
bibliographic databases, full-text databases, and numeric databases. During the 1980s, she also developed
a proprietary statistical database which describes the extent of use of specific databases (including
engineering-related ones). This service reports these data on a periodic basis (440). Williams (in 138)
provides trends on the extent of use of various types of databases from 1978 to 1990. These trends include,
among others, total number of searches, connect hours, cost, revenue, and so on.

In addition to the Williams reference above, several other studies have been performed on automated
numeric databases. An extensive study of humeric databases used by engineers is reported by Engineering
Index, Inc. (423). This study estimates use and discusscs factors related to use. Griffiths, et al. (138) report

results of a national survey performed in 1984 which estimates amount of use of various types of numeric
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databases and time spent using each type. Other aspects of numeric database use are discussed by Krochel

(220) and Sterling (388).

A number of studies involve printed indexes and abstracts, including a study by Hurd of their use
in an academic library (167). Pinelli, Kennedy, Barclay, and colleagues inciude printed indexes prepared
by NASA and DoD as part of their extensive research (e.g., 328, 338). King, et al. (195), examine the use,
usefulness, and value of the Energy Data Base, including online searching as well as Department of Energy
printed indexes. Several studies assess selective dissemination of information (SDI) systems and services.

These include Hall (145). Mondschein (268), Packer (282), and Sheppard (373).

2.6  Use of Libraries, Information Analysis Centers (1ACs), and Clearinghouses

Allen (8). Shuchman (377). and Pinelli, et al. (339) show that library resources and librarians are
relatively infrequently used by engineers as a source of information for recent major projects. Pinelli, et al.
(339) estimate that acrospace engineers use a library an average of 3.2 times per month (or about 38 times
per year). Siess (379) reports data that show that libraries are used by engineers between 28 and 64 times
a year depending on the type of research reported. King estimated in 1984 that engineers use a library an
average of 54 times per year (in 138). For six organizations surve.yed independently in the late 1980s and
early 1990s (138), the average is found to be 39 uses per year, which is very close to Pinelli's observation.
Thke 1984 estimate was from a random sample of engineers including academics, which may pgrtially
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 the use of libraries in 27 organizations
from 1982 to 1993 (137). 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

e
oo




continuing education purposes). Libraries are also used by engineers to read journals that are infrequently
read by them and/or that arc particularly expensive. Engineers and scientists generally act in an
economically rational way in considering where they obtain literature by taking into account their time and
Journal prices. The substantial increase in journal prices over the years has meant that engineers and
scientists have decreased their number of personal journal subscriptions (5.7 per person in 1977, 4.0 in 1984,
and 3.7 in the late 1980s/1990s). The proportion of all readings that are from library-provided journals has
correspondingly increased (18 percent in 1977, 27 percent in 1984, and 32 percent in the late 1980s/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 (137)
have demonstrated the usefulness and value of organization libraries and their services and they cite a
number of similar results reported b uthers.

Several in-depth stuaics have been performed to assess IACs. A Coastal Engineering IAC was
described by Weggel in 1973 (431). Mason (249) conducted a cost ben-eﬁt analysis in 1977. At about that
time Corridiodore (72) studied Department of Defense IACs, and Engineering Index, Inc., performed a study
of IACs and numeric data provided by them (423). In the early 1980s, Roderer and King (in 195), examined
the use, usefulness, and value of two IACs (Network Energy Software Center and the Radiation Shielding
Information Center). Exten..ive studies have also been performed on federal clearinghouses, including a
study by McClure, et al., on the National Technical Information Service (253), and studies by Pinelli, et al.,

concerning other federal centers (e.g., 299).

2.7  State-of-the-Art and Literature Reviews of Engineers' information Needs,
Information-Seeking Processes, and Information Use

There has been a large number of reviews of engincering communication and related literature.
Many useful reviews can be found in the Annual Review of Information Science and Technology (ARIST),

published annually since 1966 by the American Society for Information Science. In particular there is a
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serics of chapters in ARIST on Information Needs and Uses, authored by most of the exemplary rescarchers
in this subject over the past four decades: Menze! in Volume 1 (260), Herner and Herner in Volume 2 (152),
Paisley in Volume 3 (285), Alien in Volume 4 (11), Lipetz in Volume 5 (236), Crane in Volume 6 (78), Lin
and Garvey in Volume 7(235). Mart)h in Volume 9 (248), Crawford in Volume 13 (79), Dervin and Nilan
in Volume 21 (88) and Hewins in Volume 25 (156). In addition, just about every related information and
communication topic is covered by Annual Review of Information Science and Technology over the years,
including engineering information systems (Mailloux (244)), bibliometrics (White and McCain (435)),
technical utilization (Thompson (402)), gatekeepers (Metayer-Duran (263)), information marketing (Tucci
(404)), information retricval (Kantor (175)), cognitive research information science (Allen (2)), and end-user
searching of bibliographic databases (Mischo and Lee (266)), to name just a few examples.

Apart from the Annual Review of Information Science and Technology volumes, there are several
books that serve as a liieraturc review or that have a useful range of information needs and use chapters
prepared by knowledgeable rescarchers. Examples of such books inciude Key Papers in Information
Science, edited by Griffith (135); Encyclopedia of Library and Information Science, cdited by Kent (190);
Communication Among Scientists and Engineers, edited by Nelson and Pollock (278); Scientific
Communications and Information. translated from Russian by Burger (265); TechnologyTransfer: A
Communication Perspective, cdited by Williams and Gibson (439); The Future of the Printed Word. edited
by Hills (158); and Managing Professionals in Innovative Organizations, edited by Katz (180). Many of
the articles and other materials covered in this bibiiography are found in one form or another in these books.
Certainly the scope of topics found here is also covered in these books. Some journal articles also serve as
reviews of information usc or communication-related issues. One excelient recent review of clectronic
publishing of journal articles is authored by Schauder (367). In addition to providing some of his primary
rescarch results concerning clectronic-related issucs and potential acceptance of'cl.cctronic formats, Schauder
covers most aspects of electronic publishing from copyright to cconomics to technical feasibility.

Unfortunately, few of the references cited in his article aie found to present hard data, and for many of thosc
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that do, the data are now out of date. In 1991 Pinelli (327) provides a useful review of the literature dealing
specifically with information-seeking processes of engineers. Part of this review deals with the nature of
science and technology, differences between engineers and scientists (see Section 3), and factors itat affect
use of information and information sources. He also specifically discusses the research of Herner (153),
Rosenbloom and Wolek (359), Allen (8), Kremer (218), Shuchman (377), and Kaufman (184). Pinelli (314)
also reviews the research literature and comments on a research agenda for scientific and technical
information with a focus on users. Poland (343) reviews the literature concerning information
communication among scientists and_engineers. Aloni (17) discusses literature dealing primarily with
informal and formal communication a‘mong engineers in R&D-like organizations. This extensive analytical
review is useful to those interested in information-seeking processes, gatekeepers, boundary spanning, and
related issues. Gupta (140) does a good job of showing comparative data from studies performed prior to
1981 — particularly regarding types of information, sources (e.g. internal or external), and factors related
to sources used. In 1974, King and Palmour (206) provide an early review of user behavior; Wood (449)
covers user studies from 1966 to 1970; and in 1966 Lufkin and Miller (241) give an carly review of the
literature on reading habits of engineers and provide some revealing survey data of their own.

Several relevant literature reviews are given in the technical report literature or the reviews are a part
of major reports. For example, Broadbent and Lofgren (60) in 1991 review the literature concerning library
and information center use, usefulness and value. In 1989, Chang (68) provides an analytic review of the
literature from the perspective of three information needs and use models. Earlier in 1979, Lowery (240)
reviewed a number of user studies from the perspective of factors that affect information-seeking behavior
of scientists and engineers. Hensley and Nelson (151) discuss the literature concerning information users

and zcs, and in 1972 tHavelock (147) compiled a bibliography on knowledge utilization and dissemination.
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Section 3
Distinguishing Engineers from Scientists

3.1 Introduction

The kind of '\'\"g)rk performed by engineers tends to be considerably different from that done by
scientists. Thus, information needs and information-seeking processes vary considerably between engineers
and scientists in order for these tw‘o groups to accommodate their work objectives. Unfortunately, a
substantial amount of research concerning STI communication does not make a distinction between
engineers and scientists. In this section, several articles and technical reports are reviewed which present
differences between engineers and scientists. These ~.a-erials are briefly discﬁssed in Section 3.2. In Section
3.3 some specific data are presented concerning the extent of use of the literature and other information
services by engineers and by scientists. The overall review of the literature discussed below attempts to
determine whether or not the research reported made a determination as to whether survey respondents (or
the focus of the research) specifically involved engineers. A listing of citation numbers for communication

research specifically involving engineers is given in Section 7.1.

3.2  Literature Which Distinguishes Engineers and Scientists

An assessment of information necds of seven specific fields of science (physics, chemistry, biology,
geosciences, astronomy, mathematics, and computer science) and engineering is made by Gould and Pearce
(131). This assessment is based on in-depth interviews and consultations with 131 individuals who teach,
conduct research, or who are clearly connected with scientific research. Each field of science and
engineering is discussed regarding:

. The nature of research performed,

® The nature of information,
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e The future for information in the ficld, and

] The use of enginecring information, including:

) the use of primary literature (serials, patents, technical reports, standards),

) major indexing and abstracting services (print and electronic)

3) current awareness services and products (current research, electronic networks,
conference proceedings, letters journals, newsleters, technical reports, preprints,
databases),

4) other electronic sources, and

(5) future needs and directions (of the literature, electronic resources, interpersonal

information environment, education, and data).

Regarding engineering information, Gould and Pearce conclude that:

e Quick access to all types of literature will continue to be a fundamental need, use of
document delivery systems will grow, and major indexes need to be improved regarding
grants and certain proceedings and technical reports.

] Enginecrs will seek and use a more integrated information environment, including electronic

full-text. graphics, materials property data, and gateways to commercial databases and
software collections.

® Formal education needs to emphasize current and emerging information tools and sources
of information.

® Growth and emerging capabilities open un opportunities for networked and shared evaluated
physical property and other data.

The results demonstrate that not only are engineering and science information needs ditferent, but all

individual fields of science are unique in themselves.

Early reviews also point out differences between engincers and scientists. For example, Blade (44)

in 1963 discusses the nature of engineering, including aspects of creativity, research, and education. In 1967,

Rosenbloom and Wolck (359) present examples of differences observed regarding engineers' and scientists’

sources of information (see Section 3.3). In 1988, Allen (6) explores some of the principal differences

observed in some of his and other research projects (see Section 3.3). He also discusses the relation between

scicnce and technology, and how knowledge diffuses over time from science to technology and finally into
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products. He shows how information flows among these phases of research and develupment, and gives
some data from citation analysis to demonstrate his model of this flow. Pinelli (327) provides a very useful
summary of-the literature concerning these distinctions. In particular, he surveys most of the significant

literature regarding information-seeking processes and the factors that explain these differences.

3.3 Some Quantitative Observations of Engineers' and Scientists' Information
Sources Used

Rosenbloom and Wolek (359) surveyed more than 3,000 engineers and scientists in large
corporations and from a sample of members of the lnst.itute of Electrical and Electronic Engineers. One
principal focus of the data collection was to determine information sources 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).

Sources used are summarized as follows:

Proportion of Instances (%)
Engineers Scientists
Sources within own company
Interpersonal
l.ocal source (within establishment) 25 18
Other corporate 26 9
Written media (documents) 12 6
Sources outside company
Interpersonal (anyone outside company) 11 16
Written media
Professional (books, articles, conference papers) 5 42
Trade (trade magazines, catalogs, technical reports) 11 9
100 100




Clearly, these engineers in the 1960s relied much more on sources found in their own organization than on
external sources (63 percent versus 33 percent), and they relied more on interpersonal sources than on written
materials (62 percent versus 43 percent). Scientists' most important source was the published literature
(43 percent of instances).

Allen (6) reports comparisons observed in the early 1980s between information sources used in

performing technological projects and scientific research projects. Sources (or channels) used in these

projects are summarized below:

Proportion of Instances (%)
17 Technological 2 Scientific
Projects Research Projects
Literature A 8 51
Vendors 14 0
Customer 19 0
Other external sources 9 14
Lab. technical staff -6 3
Company research programs 5 3
Analysis and experimentation 31 9
Previous personal experience 8 20
100 100

These results suggest that engineers are more dependent on colleagues and scientists use the literature more
than enginecers do. Allen points out that engineers also need different kinds of journals and they use the
literature for entirely difterent purposes. Engincers spend 7.9 percent of their time using the literature versus
18.2 percent by scientists (or 48 percent and 64 percent of total time spent communicating).

Griffiths. et al. (138), report results of nearly 10,000 survey responses from scientists and engineers

studied across a six-year period. To simplify the comparisons, scientists are grouped into natural science
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(physics, chemistry, mathematical, environmental, life) and other sciences (computer, psychology, social

science). Some comparisons are given below:

Average Annual Number of Readings*
Type of Document
Engineers Natural Scientists Other Scientists
Scholarly journals 45 125 70
Trade journals 47 45 47
Scholarly books 14 19 12
Other books 26 28 31
Internal reports 73 37 60
External reports 8 9 7
Patent documents 6 3 |
Other documents 46 52 25
265 318 253
*"Reading" means going beyond the title, abstract, etc., to the body of the text. Surveys conducted in late 1980s
and early 1990s.

Total reading by engineers is somewhat less than by natural scientists, but about the same as other scientists.
Engineers read far fewer scholarly journals, but more internal reports. Otherwise, amount of reading of the
other types of documents is not appreciably different.

Griffiths, et al. (138), aiso report that the use of libraries for work-related purposes (late 1980s) is
far less by engineers than by scientists: 39 times per year per person by.enginecrs: 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 companies and government agencies,
whereas the 1984 national statistical survey included academic engineers and scicntists as well. It is believed
that academic engineers use libraries more frequently than do other engineers. In the 1984 survey, engincers
were observed to use automated bibliographic searching far less than scientists: 0.8 average times per year
engineer: 5.8 times by natural scientists: and 1.7 times by other scientisis. The 1984 survey showed that the
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proportion of engineers who use computers is about the same as scientists (85 percent of engineers), but

engineers averaged fewer hours using the computers. .
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Section 4
Some Sustained and Exemplary STI Communication Research

4.1 Introduction

Several organizations have conducted sustained STI communication research involving engineers
and scientists over a lengthy time. Also, some exemplary studies have’ been performed over the past 25 years
which deal exclusively or largely with information-seeking processes of engineers. This section describes
the historical progression of tiiesc iceearch efforts. The first of these research efforts, headed by William D.
Garvey at The Johns Hopkins University, began in the early 1960s. The second series of seminal studies of
communication patterns in R&D laboratories was begun by Thomas J. Allen at the Massachusetts Institute
of Technology and then by Michael Tushman and others. A third study effort, involving statistical
descriptions and indicators of STI communication, was begun in the 1970s by Donald W. King and
colleagues at King Research, Inc. From 1977 through 1980, Hedvah L. Shuchman of The Futures Group
performed surveys of engineers in the U.S. to determine their information-seeking behavior. Beginning in
the carly 1980s, Thomas E. Pinelli and colleagues performed communication research at NASA Langley
Research Center. Later he was joined by John M. Kennedy and Rebecca O. Barclay to perform a long series
of studies of communication patterns of engineers and scientists located in a number of countries. All of
these studies involved extensive data collection from statistical surveys performed nationally using lists from
engineering and professional socicties, or surveys conducted in companies and other organizations. These

survey approaches are also briefly described.

4.2  Research Studies in Patterns of Scientific Communication by William D. Garvey
and Colleagues at The Johns Hopkins University

In the 1960s, the National Science Foundation sponsored William D. Garvey and Belver C. Griffith
to perform a series of communications studics involving psychology. These studies expanded to other fields
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of science and continued into the 1970s. The studies had two particularly valuable thrusts. The first thrust
concerned the "flow" of scientific information through various communication channels such as internal
reports, professional meetings, journal articles, and so on. The research established a timeline as to when,
following creation, the information appears in cach of the channel sources, and it aiso shows that information
giving research results can appear in multiple publications, such as in several journal articles. The second
research thrust dealt with the extent to which information is used, particularly in the journal literature.

A useful summary of this work is found in Communication: the Essence of Science (111), published
in 1979. The first five chapters, authored by Garvey, prbvide a philosophical discussion of the role of
communication in its many forms in the conduct of research and creation of scientific knowledge. Particular
emphasis is given to journal articles. Following that 'are ten principal papers co-authored by Garvey and his
colleagues over the years (in totality Griffith, Lin, Nelson, Tomita, Gottfredson, Goodnow, and Woolf). This
research provides substantial detail about the creation and forms of communication of scientific knowledge,
particularly giving a time span on the many forms of STI communications. They discuss in detail the inany
informal and formal interactions among scientists and show that a relatively small portion of scientists write
journal articles in a given year. Thus, publications, such as journal articles, are found to be much more -
diffusion mechanisms than the point-to-point interpersonal forms of communications.

In order to trace the various channels used to transfer information, the researchers designed an
elaborate longitudinal study which they classified as study Series A through G. The longitudinal studies
included engineering scientists (chosen from engineering societies — American Society of Heating,
Refrigerating and Air-Conditioning Engineers; American Institute of Aeronautics and Astronautics;
American Institute of Mining, Metallurgy and Petroleum Engineers; and Optical Socicty of America),
physical scicnces, and social sciences. Series A involved national professional meeting presentations, with
survey samples of 1,715 authors, 14,873 attendees, and 1,344 paper requestors. The major purpose of this
series was to develop a time base from inception of research, through pre-meeting dissemination phases, to

post-meeting publication. Series B and C involved follow-up of presenters one and two years following the
28
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meeting (1,784 and 405 presenters respectiyely) to determine journal publication status of information
presented and related information. Series D included a survey follow-up of persons who requested copies
of the original presentation to compare the usefulness of the information found in the copy of the
presentation and the journal article (313 requestors). This also provided a means to determine awareness
of the journal article. Series E was a study of authors of journal articles (3,676 articles/authored) to
determine the communication processes associated with journal publication and subsequent appearance in
abstracting journals and as citation in subsequent articles. This also provided evidence of time sequence.
Series F was a study of the information-exchange activity among workers in the same subject-matter area
(1.937 persons). This research helped establish the extent of informal networks (i.e., including invisible
colleges). Finally, Scries G involved a follow-up of Series E articles/authors to examine further or subsquent
work in thie same subject-matter arca (2,023 articles/authors).

Research also examined information use in great detail. The researchers determined "the nature of
information needed" and related such needs to stages of scientific work and source of obtained information
needed for the most recently completed activity. Of seven sources used, journals were reported by a higher
proportion of scientists successfully using sources to obtain needed information. Other sources in decreasing
proportions are local colleagues (nearly as high as journals), books, technical reports, non-local colleagues.

meeting presentations, and preprints.

4.3  Studies of Communication Networks in R&D Organizations by Thomas J. Allen
and Colleagues at Massachusetts Institute of Technology

In the mid-1960s. Thomas J. Allen bcgan a series of studies which have continued to the present.
Much of this cffort was performed at the Massachusetts Institute of Technology under grant from the
National Science Foundation. One of the studies involved “"record analysis" (like a diary} and a self-
administered questionnaire, with responses from 1,153 engineers and scientists. Some of the studies

involved in-depth recordkeeping over an extended period of time by a relatively small number of engineers
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and scientists (probably Iess than 50). The stage or phase of research or development was recorded, as were
instances of use of specific information channels. These studies spawned a series of studies by others that
have cont.inued into the 1990s. Many such studies have adapted or semi-adapted the principal method uscéi
by Allen, which was to observe sources or the channels used to support a specific rescarch or development
project.

One of the approaches used by Allen and colicagues was to observe exchanges or flow of
information between individuals working in an R&D organization. They discovered that there tended to be
individuals, referred to as "stars" or "gatekecpers", whom others depend heavily upon for internal, as well
as external, sources of informatior These stars are particularly t."amiliar with not only internal technical
reports and the published literature, but they are also aware of knowledgeable internal and external
interpersonal sources of information. Allen also made a point of distinguishing the differences in
information-seeking behavior of scientists and engineers. As a result of these findings, Allen and colleagues
made a number of suggestions as to how R&D organizations should be organized and structured 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 of, or documentation generated by, suppliers or potential suppliers
of design components.

° Customer: Representatives of, or documentation generated by, 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 categorics. 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.
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Company research: Any other project performed previously or sirnultaneously 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 which are formulated as the result of discussion among the
immediate project group.

Experimentation: Ideas which are the result of 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 extent to which these channels are used and which

appear to be most useful, and also identified the factors leading to their use.

Some basic conclusions of the studies are:

Performance of R&D organizations and individual engineers and scientists depends to a
great degree on the extent of communication practiced. For example, evidence suggests that
the proportion of time spent gathering information is related to the quality of the solution
produced and that those considered to be high performers communicate much more
extensively than low performers.

Engincers and scientists tend to rely on specific individuals for information. Such
“information stars" tend to have high status/prestige in the organization. Persons with high
status tend to communicate among themselves, or those with "low" status come to them (but

not the other way). Such information stars are much more exposed to the literature and
outside sources of knowledge.

The gatekeeper's function involves a two-step process which first absorbs information from
various sources outside the organization. and then transfers and disseminates relevant
information to individuals inside the organization.

Engineers tend to use interpersonal communication extensively, and they rely on internal
technical reports more than on the formal published literature.

Communication, and thereby performance, in organizations can be improved by structuring
R&D organizations and projects to facilitate communication practices and to enhance
gatekeepers' communication abilities and participation.

Factors leading to channel use include accessibility as the most important determinant of
the overall extent to which an information channel is used. Accessibility and perceived
technical quality both influence the choice of the first source of information used.
Experience with channels determines the perception of accessibility.

Specific information sources/channels used are a function of both the design function being
performed and the phase in which the project happens to be. Research requires much more
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use of the formal literature than development does. Extent of literature use is cyclical
throughout the project phases.

These studies have served as the underpinnings of studies by Tushman, Shuchman, and Pinelli, Kennedy,

Barclay, et al. described below.

4.3.1 Expansion of Allen's Work by Tushman and Colleagues

Tushman began a serics of studies of communication in organizations as part of his doctoral thesis
under Al!en’s supervision. His most extensive research involved a survey of professionals in an R&D facility
of a large corporation. In this survey he rciied on a "personal contacts record” for 15 week;, in which data
were recorded one day a week on specified days. All together, more than 400 professionals were surveyed.
Communication was studied in terms of several dimensions: the type of work being performed (i.e., basic
and applied rescarch, development, and technical service), level of dependence on information (intra-project,
intra-firm, and extra-firm), 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 information stars and boundary

spanners.

4.4  Statistical Description of STI Communication by Donald W. King and
Colleagues at King Research, Inc.

This work has spanned more than three decades. Its principal contribution from the perspective of
this review has been to provide a broad statistical description of the scientific and technical information and
communication environment. Prior to 1970 most of this research involved evaluation and economic analyses

of information systems and scrvices performed for the U.S. Patent Office, National Technical Information
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Center (and its predecessors), American Psychological Association, the U.S. Air Force, and others. In 1972,
as a result of work under an NSF contract, King and Edward C. Bryant authored a book (208) on evaluation
of sccondary and primary information services. The evaluation addressed each of six principal functions of
information transfer: composition, reproduction, acquisition and storage, identification and location,
presentation and assimilation (use). For each function, examples were given for cost variables on the one
hand and, on the other hand. service attributes related to service demand, use of information, and ultimately
to value of the services.

In 1973, for the 10th Annual National Information Retrieval Colloquiu.m, King and Vernon E.
Palmour prepared a state-of-the-art review on user behavior (206). They modified a model presented by Lin
and Garvey (235) by imposing user behavior on three basic aspects of the scientific ipformation system:
information needs, information seeking and exchange, and information uses. "Information needs" is defined
as the information messages needed, and "information uses" as the purposes for which information is used
(e.g., conducting research, education, writing, etc.). Also added are information requirements, which arc user
specifications of information and service attributes (e.g., accuracy of information, timeliness of service
provision) involved in information sceking and exchange (and information organization and management).
Th.c latter two aspects include the six functions of information transfer discussed above.

In 1972, King and colleagues were awarded an NSF contract to develop the concept of editorial
processing centers (EPCs). The basis for this work was to examine the economic and technical feasibility
of centers which could obtain and process article manuscripts in electronic form. Such electronic media
could be aggregated into one or more databases of articles which might serve as a means to disseminate
separate copies of journal articles in electronic form. This work led to two additional areas of inquiry by
King and his colleagues.

The first area of inquiry, beginning in 1974, was a series of studies under NSF contract to develop
Statistical Indicators of Scientific and Technical Communication. This rescarch provided a series of trends
(1960 to 1974) and projections (1975 to 1980) for STI literature (books, journals, technical reports, ctc.),
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library and secondary services, authorship and information use activities of scientists and engineers, and total
STI expenditures in the U.S. The six information transfer functions mentioned before were expanded to ten:
(1) research and information generation (new), (2) composition, (3) recording (new), (4) reproduction, (5)
distribution (part of presentation), (6) acquisition and storage, (7) organization and control (new), (8)
identification and location, (9) physical access (part of presentation). ard (10) assimilation by user. Each
function was examined in detail to determine amount of STI activity and total STI expenditures. Among
other findings, the results showed that the "information explosion” merely reflected growth in number of
scientists and engineers. For example, the number of articles published per scientist or engineer was nearly
constant over a 15-year period (1960 to 1974). Another major finding was the careful estimates oftlhe very
large amount of S&T communication resource expenditures ($8.5 billion in 1974).

A second area of inquiry, started in 1976, involved the feasibility of electronic publishing of journal
articles (199). Thg study concluded that current and near-future (to 1988) economics and technologies
pointed to a two-tier system of dissemination of articles in both traditional paper form and electronic form.
As an extreme example, if an engineer or scientist reads all articles in a journal, the journal and acquisition
cost per rcading is very low (in fact, much lower than could be expected at that time by electronic
distribution). 1f an engineer or scientist reads only one article from the journal, the cost per reading is very
high if the reader is sent the entire set of journal issues (or even one). Thus, the cost per reading of electronic
distribution is much less than paperform for this instance. At some amount of reading there is a break-even
point for those two options. Taking into account the frequency distribution of such readership as well as all
available channels of distribution (i.e., peisonal subscriptions, libraries, person-to-person, etc.), ages of
articles read, and sources of costs (e.g., pre-run, run-off, database, etc.), a two-tier system involving both
electronic and paper forms was clearly best at that time and for the foreseeable future.

Results from all the journal studies were published in 1981 (197). In this book, fourteen basic
channels of flow of information found in articles arc described in detail. Estimates of amounts and costs are
made for the flow of information among scientists (as authors), publishers, sccondary organizations,
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libraries, scientists (colleagues), and scientists (as end-users). Much of this information is based on a
statistical survey of scientists and engineers (2,350 usable survey responses) in which a critical incident of
reading established time spent reading, how the article was identified, where it was obtained, purpose of
reading, consequences of rcading, and so on. An author survey was also conducted. One finding is that the
average amount of reading of individual articles (and journals) is far greater than previously thought by many
(including the rescarchers).

In 1981 King and colleagucs began a series of studies to examine the use, usefulness, and value of
scientific and technical information and the contribution that STI services make to these outcomes. The
initial study (funded by the Department of Energy) focussed on products from the Energy Data Base (196).
Previous studies and surveys done by King, et al., were complemented with surveys of users of energy-
related journals, technical reports, printed indexes, and online searches. "Value" is estimated by the "price"
paid by engincers in terms of the time the spend identifying, acquiring, and using information, and by sclf-
reported "savings" achicved from information obtained from the services and publications. A follow -up
study further examined the usefulness and value of libraries and information analysis centers (195). Again,
much of the analysis was based on user su-veys.

In 1984 the Nationa! Science Foundation sponsored follow-up surveys of scientists and engineers
to determine journal articie authorship and reading, as well as use of libraries, technical report reading, and
use of automated bibliographies and numeric databases. Another study was sponsored by the Small Business
Administration to determine information needs and sources of information used by scientists and cngineers
found in small, high-tech firms (194).

From the 1980s to the present, King, Griffiths, and colleagues have performed a series of 31
proprictary studics in companies, government agencics, and universities to determine coinmunication
activitics of professionals (including scientists and engineers). Al together, more than 10,000 survey
responscs have provided estimates of quantities and cffort (time) required for information inputs (using

documents and by interpersonal means), information outputs (writing and intcrpersonal means), channels




used, and consequences of using information and information services. Results of the communication
practices of scientists and engineers (culled from surveys done in the late 1