SOVE CHARACTERI STI CS OF THE STRUCTURE
OF THE LI TERATURE OF
Bl OMVEDI CAL SCI ENCE

By
Dani el Newt on Obaka

Submtted to the faculty of the G aduate School in
partial fulfillnment of the requirenents
for the degree' of Doctor of Philosophy
in the School of Library and
I nformati on Science
I ndi ana Uni versity



Accepted by the faculty of the Graduate School in partial
fulfillment of the requirements for the degree Doctor of
Philosophy in the School of Library and Information Science,

Indiana University.

-, y [
s R C Lot

Director of Dissertation
>0 0 1T

\
\ e i. N -l .
Doctoral Committee: : "L“i‘ > TS AChairman

o y 5 f\. .l

< /
(- "’/'-' (/ -’1 L“"‘?—/"

#

January 1984



TABLE OF COWTENTS

=~ PAGE

LIST OF TABLES L) ] - . . . . » - . - . - - - - - - N . iv
LIST OF FIGURES » . . - . . a ] 4 . - + ] . . - - . . - Vi
LIST OF SPECIMENS . + « & « o o 4+ « = o o « o o « + « o vii

ACKNOWLEDGMENTS . 4 v o o = v s = « o = o« « o « o o« o « viii

CHAPTER ONE INTRODUCTION . « . ¢ o & o o s s o« o s o & 1
Background INEOYMAtion + + + + « « o o o o o o o & .. 1
Interaction Between Basic Biomedical i &
Science and Clinical Medicine . . . . . . . . . . :
General Statement of the Problem . . . . . . . . . g
SUMMATY « o & & o o = = 5 o » o a = « « o » SRR 11
References . . o ¢ v ¢ o s v o o « o ¢ » ; ; C 13

CHAPTER TWC REVIEW OF RELATED RESEARCH . . . . . . . . 15
Studies of Scientific Litzrature . b e e s .I.'.*._ 15

: Publication of Productivity of | ; -
Subject Field . . . v ¢ & & o o o « s o » s o 2 = 16

. Use of Literature by Researchers . . . . . . . . . 18

ﬁ;u Structure of Literature . . ¢ + & « ¢« o = & + = = 21
Pattern of Communication Flow Among
SClentisStsS v v ¢ v« 4 s e 4 e s 4 e e e s e e e 25
Classification of Biomedical Science
Literature . . « « o @ v 4 @ « & & « = = » « « o » 29
Narin and "Research Level" Clagsification |
Scheme .+ v ¢ ¢+ ¢ o & o o 2 & s a = = s Ce e e 31
REFETENCES - « o v v o e e e e e e ;" 38

CEAPTER THREE CONCEPTUAL FRAMEWORK . . . . « . . . . . 41

Purpose of the Study . . . « + « = ¢ & &+ « + « + & 41



Specific Problem Statement . . . . . . . . .”; . « 49
Limitation of the Study . . . « « « + ¢« ¢« + « + . 52
References . . . « « . « .« . ..: e e 4 e s+ e o & « 54
i CHAPTER PQUR METHODOLOGY e » s 4 + e « + s s+ s+ + « s+ « 55

Introduction : e e e e e e e e e e e 55
~Selaction of Samples . . . . . . . . . . e 64

" Classification of Research Journals R
Into Research Shells . . . . . . . . . . . . « . . N

L L

¥ validation of "Research Level" ;. _ R
Classification Scheme . . & & 4« 4 o « + « = = 2 « 77

Criteria for the Inclusion of a _ L
Clessified Research Journal in the Study . . . . . 78

Development of Citation Matrix Table . . . . . . . 79
The Effect of Increase in Size of
- Research Literature on the Flow of S
Research Information + .+ « o o « 4 &« « =« + o « « « B3

References . . . « 4 « 2 % s s 2 2 & s o« o 4 » =« « 88

CHAPTER FIVE ANALYSIS OF DATA AND DISCUSSION
’ : OF RESULTS . L] - L] - - " - - - - » - - - 90

Research Shell Classification Scheme . . .. } 90

Cemparisons of "Research Level" and S s
Regearch Shell (lassification Schemes . . . . . . &7

Interactions Between Each of the _ _
Biomedical Science Research Shells . . . . . « . . 104

The Anomaly . . . e e e e e e e e e e e e e .. o138
Effect of Increase in Size of :
Research Literature on the Flow of
Rasearch Information . . . . « + « « « o + « & + « 141
ROfErences . + 4 o o « = & = + o « +» o s o o +» « = 154
CHAPTER SIX SUMMARY, IMPLICATIONS, POSSIBLE
APPLICATIONS, CONCLUSIONS AND
SUGGESTIONS FOR FURTHER STUDY . . . . « « 156

INtroduction . ¢ ¢« & 4 ¢ % 4 4 s e 4 s e & a2 . « 156

ii



Research Shell Classification Scheme
and Biomedical Experts . . . . . . . . .

Comparison Between "Research Level”

anc Research Shell Classification
SChenes .+ + o o 5 & & 2 & & @ % & # » #
Interactions Between Research Shells . .
Dynamics of the Flow of Citations . . .
The Effect of Increase of Source
Articles on the Flow of Number of
Citations . o« o o o« o o s s o« » = s o =
Suggestions for Further Study . . . . .
PaferencCes +« 5 + 7 » » % 2 & & 5 & + & #

APPENDICES

A Cover Letter for the Guideline to the
Biomedical Scientists and Practitioners

B Guideline to Biomedical Scientists
and Practitioners .« « o « « & & € 9 & ®

C Input-output Matrix Table Lay-out . . .
D Names of Journal in Each Subfield
Classified into Two Classification
sys tems - - - - - - - - - - - - - - - -

BIBLIOGRAPHY L4 . - . - L] - - . LJ - L4 - - - -

: 08 i

157

160
162

163

171
173

177

178

179

182

183

204



TABLE

II

1IT

iv

Vi

VII

VIIT

I¥

XI

LIST OF TABLES

List of Subfields in Riomedical Science
Defined by Narin/Pinski . . . . . + . .

The Narin/Pinski "Research Levels" and
the "Research Shells" Classification
Schemes Employed in the Present Study .

The Ratic of Citations from 350 Core
Research Journals to Citations from
2000 Biomedical Science Research
Journals Indexed in Journal Citation
Reports (1980} . . . . . . . + « . . .

Biomedical Science Subfields as Defined
by Journal Citation Reports and the
Number of Core-Research Journals
Selected for Classification in the
Present Study . . .+ .« ¢ & « 4o 4 e e .

Research Shells and Their Core-Research
Journals .+ . v 4 4 4 s 4 e e = e e s .

Distribution and Return of Guidelines
and Questionnaires to and from Bic-
medical Scientists and Practitioners .

The Breakdown of the Number of Journals
Classified into Each Research Shell
Category by Experts . . . « . . . « . .

"Resgearch Levels" and "Research Shells"
Clagsification Comparative Table With
The Percentage of Agreement . . . . . .

"Research Levels" and "Research Shells"
with Their Ratings . . "« + « « + +

Input-output Citation Matrix Table-~
Number of Citations in Cell and its
Percentages of Total in Research Shell

Percentage of Total Citations and

Citations Per Journal in Each Research
Shell L L] L] - - - - L] - L ] - - - - - L3 -

iv

PAGE

33

46

70

72

79

91

93

98

102

105

108



XI1

XI1I

X1iv

XV

XVI
XVII
XVIII

XIX

XX

XXI

Degree of Interactions Eetween One
Research Shell and Others in Terms

of the Number of Citations Made per
Journal From Each of the Research
Shells . . & & v v v v 4 o v s e e e .

Elements of the Dynamics and Inter-
dependencies of Producing and
Consuming Sectors of Economic System
Interpreted in Terms of Citation

Flows Among Research Shells . . . . . .

Input-output Citation Analysis Table .

Input-output Coefficient Citation
Matrix . & v 4 s v e e e e e e e e e

Computer Print-out of Inverse Matrix M
Citation Intensity Table . . . . . . .
Self-Citation in Each Regearch Shell .,

The Pattern of Flow of Citations
from One Research Shell to Another and
Their Dependency Relationship . . . . .

The Relationship of the Number of
Journals and Source Articles with the
Total Number of Citations from Them;
and the Number of Citations Per Journal
and Per Article in Each Journal Group .

The Relationship of the Actual Number
of Citations from Each Journal Group
and the Number of Flow of These Cita-
tions in BEach of the Given Research
Shells .+ & ¢« & & +« « 4« 4 s + = 2 & o =

111

115

122

123
126
127

131

134

144

147



FIGURE

LIST OF FIGURES

PAGE

The Flow of the Number of Citations
from One Shell to Ohter Shells Versus
the Research Orientations . +« « + ¢ « « « +» « - 107

Differences Between the Various

Research Shells Within Biomedical

Science as Demonstrated by the Self

CIEAtIONB » 3 o 5 4 5 % 2 7 6 & € % & 3 3 @ % & 232

The Number of Journals in a Group

Versus Number of Citations Per

Journal Flowing into Each Research

Shell s ¢ « @ o 5 3 & 5 % s s & @ ¢ 4 s & = = 150

Diagrammatic Representation of
Computer Information Filtering System . . . . . 172

vi



SPECIMEN

A.

LIST OF SPECIMENS

PAGE
SCI JOURNAL CITATION REPORTS
Citing Journal Package . « « « « s o o« s » « s 66
SCI JOURNAL CITATION REPORTS
Cited Journal Package . « « « « o s o « o « » &« 67

vii



ACKNOWLEDGMENT

I wish to express my profound appreciation to the mem-
bers of my dissertation committee -- Dr. Steve Harter, Dr.
Marcy Murphy, Mr. Bernard Fry, Mr. Clay Shepherd, and Dr.
Ann Carmichael -- for their interests, comments and patience
in the preparation of this dissertation.

Special thanks are offered to Dr. Harter, the Chairman
of the Committee, who throughout the course of the study
has always provided the needed expert advice and assistance.
His expressed concern and his practical advice during my
period of financial stress will always be remebered with thanks.
His critical questions and suggestions aided in the develop-
ment of my intellectual independence. Perhaps that will
represent one of the major benefits which I will derive from
my doctoral studies.

I am deeply indebted to Dr. Murphy for her tireless
efforts in reading, commenting, and providing insightful
suggestions on every chapter of the study. To Dr. Carmichael,
I would like to acknowledge her great help in removing the
repetitive phrases and providing suggestions for logical
structure in the study.

The expert help provided by the faculty members of the
School of Medicine, departments of biology and chemistry of
Indiana University for participating enthusiastically in the

classification of biomedical science research journals is



greatly appreciated. I would like to thank all students who
agreed to be trained to collect the data for the study.
Without them the study would not have been completed by now.

A large part of the credit for any contribution which
this dissertation may make to our understanding of the infor-
mation communication interactions existing between the various
research orientations within the universe of biomedical
science, should properly go to Drs. Narin Frances and Henry
Small. Their individual work provided not only the founda-
tion and intellectual stimulation for this study, but in
addition the guality served as an effective "bed-rock" upon
which this study could stay on course.

Finally, I must offer special thanks to my ever suppor-
tive wife Ruth. Without her loving care, constant assurance,
understanding and encouragement, this study would not have
been completed. To my children, Esther, Elizabeth, and
Mary, I want to say, Daddy appreciates all your running to
welcome me whenever I returned from the library.

Above all, I do offer my praise and thanks to God from
whom all blessings flow and I ask that He accepts the product
of this study and use it as instruments to open ways to the

understanding of communication, the essence of human scien-

tific enterprise.



CHAPTER CONE

INTRODUCTICN

Background Information

Scientific knowledge is generally viewed as objective
knowledge, generated by the scientific method of inquiry
and experimentally validated. Every new addition to the
body of objective knowledge is an extension of the existing
body of knowledge as recorded in scientific literature.

In his Phenomenology and Models of Growth of Science,

Moravcsikl noted an earlier observation by Derek Price

that science is a body of knowledge growing at its epidermis,
that is, along the research fronts based on knowledge
acguired in most recent research.

But each incremental advancement in some way adds to,
modifies, refines, or sometimes totally refutes the prior
knowledge on which the advancement was based. kuhn? described
the additive process as "normal science," "research firmly
based upon one or more past scientific achievements, achieve-
ments that some particular scientific community acknowledges
as supplying the foundation for its further practiée.“ In
addition, he argued that the whole scientific enterprise is
punctuated by revoluticnary scientific discoveries of natural
laws and theories. Thus, Einstein's general theory of rela-

tivity brought a revolutionary extension and generalization



of Newton's classical mechanics; and the heliocentric theory
of Copernicus rejected and replaced Ptolemy's geocentric
theory. These characteristics of the growth of science are
shared by the literature generated by it. It can also be
noted in addition that, apart from the normal goals of scien-
tif;c research, sciences operate within an institutional
structure.

An important by-product of the seventeenth century
scientific revolution was the birth and growth of scientific
specialties. This has resulted in greater specialization and
finer differentiation of subject matter in scientific research.
Thus, modern science is frequently described as a mosaic of
scientific specialties. Small and Griffith succinctly
brought this idea into focus:

That science is a mosaic of specialties, and

not a unified whole, either socially or

intellectually is a frequently made assump-

tion, but only recently has this infra-

structure of science become the subject of

systematic study. Most scientists have

intuitive notions about the subdivisions of

their fields, but no observer, however

broadly trained, can gain an overall

perspective on the scientific mosaic.
Although difficult to prove, technology has been assumed to
"grow out" of science or "give birth to" scientific inter-
ests or a dialectical interaction with it.? While the
motives of basic science can be identified by its search for

laws and natural constants of the broadest possible scope,

those of technology attempt to apply the knowledge generated



by science to the solution of human problems. Thus, struc-
turally, technology deals with less general characteristics
of nature than does basic science. The nature of the inter-
action of the two distinct but related bodies of human know-
ledge is a logical consequence of their overlapping goals and
identical empirical methodologies. 1In terms of identifying
distinct boundaries between basic science and technology,
Brooks® held that there exists a continuum of research
activities varying from basic science to technology along
which most research activities and orientations can be located.
Most scientists cherish this belief, that science through
basic science research plays an important role in technological
developments. They contend that after all, technology is
"applied basic science research." 1In recent years, this
assumption became the subject of intense study. 1In Project

Hindsight,®

an effort on the part of the U.S. Department of
Defense, it was revealed that basic science research did not
contribute much to the development of weapon systems. The
study concluded that twenty of the most important military
weapons came as a result of aprlied science research. How-
ever, a report with the Acronym TRACES,7 prepared by Illinois
Institute of Technology Research Institute for the National
Science Foundation, revealed that by studying a longer time
period than Project Hindsight, seventy percent of the basic
science research studied, led to advances in magnetic ferrites,

video tape records, the oral contraceptive pill, the electron

microscope and matrix isolation. Battelle LaboratoriesB



came to the same conclusion that basic science research

leads to significant advances in technological developments.
Many agree that it is wvital to pursue basic research not only
because it increases knowledge of natural phenomena, but

also because unexpected benefits often spring from it. This
led to Mosteller's comment on general attitude to basic

science research: "The go-no-gc approach to basic science
research seems to be a not very useful concept.” He emphasized

that "we need basic science research for new developments.“9

Interaction Between Basic Biomedical Science
and Clinical Medicine

The notion that technological advances largely depend
on the basic science research can be extended to the gtudy of
biomedical science body of kﬁowledge. Biomedical science
forms a unique subdivision within the universe of scientific
and technological body of knowledge. It is made up of two
different but interrelated structures, the basic science and
technology of biomedical science. Thus, biomedical science
can be viewed as a "special universe" of knowledge cof its
own. These two interrelated structures of biomédical science
can be viewed as an interplay of three professional activities
in both basic scientific and technological research, educa-
tion, and services. This interplay of activities is embedded
in the two different but interrelated structural fields -

basic biomedical science and clinical medicine. The two
»
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fields have contributed to the phenomenal growth in both
the knowledge and literature of biomedical science ‘during
the past three centuries.

Basic biomedical science and clinical medicine can be
defined and distinguished on the basis of their primary
objectives. Basic biomedical science has as its objective
the generation of laws and natural constants relating to
biomedical phenomena. 1In contrast, clinical medicine (the
biomedical science equivalent tc applied scientific research,
technological research, and applied technology) is primarily
concerned with direct or indirect application of the body of
knowledge generated by basic biomedical science to the prac-
tice of medicine. 1In the course of its performance, clin-
ical medicine may lead to the generation of new understanding
of basic biomedical science phenomena. Under such circum-
stances, clinical medicine can be distinguished from basic biomedi-
cal science by the fact that the problems under investigation
within clinical medicine research are mostly mission-oriented.
In this context, clinical research works and its practice
are planned on and directed to the application of the existing
body of knowledge - basic biomedical science research results.

The continuing growth in both the knowledge and litera-
ture of biomedical science and its effective utilization,
have become matters of significant concern to contemporary
society, especially to biomedical scientists and other
persons engaged in the production, collection, storage,

retrieval and utilization of information. With regard to



their growths, basic biomedical science and c¢linical medi-.
cine are its two contributors.

The nature of the relationship between basic biomed-
ical science and clinical medicine as primary factors in
the advancement of medicine has been a subject of intense
debate and investigation since the turn of this century.
Over a century ago, Claude Bernard'® called for an integra-
tion of experimental research with the study and practice of
medicine; "if medicine is to be sure of itself, it must
have physiology as its necessary base.” Modern medicine
views clinical medicine as a discipline that has its roots
in the basic biomedical science. |

Seeing the Johns Hopkins Medical School as an ideal,
the Flexner Report published in 1910,ll advocated basic sciencé
and clinical medicine in medical training. It called for
emphasis on biological research: "Science," was tc be the
nucleus of medical education. Anatomy, biclogy, physiology,
biochemistry and pharmacology are seen as laying the founda-
tion of the later work of the clinic¢al just as the physics
furnishes a firm theoretical basis for the engineer. Today
the teaching of the basic biomedical science subjects to
medical students is fundamental in almost all medical schools
throughout the world. Thus, basic biomedical science can be
conceived as the bed-rock of clinical medicine,

An unclear and unscientific method of defending science
research led Comroe and Dripps12 to study and find a more

objective justification for supporting basic biomedical



science research. They sought to evaluate how much basic
biomedical science research really contributes to biomedical
science, and toc identify the "essential body of knowledge"
required for each advancement. Asking over 100 specialists
{(biomedical scientists and clinical practitioners) to vote
on the top ten advances in cardiovascular pulmonary medicine
and surgery that occurred between 1945 and 1975 they dis-
covered that out of 4000 articles, 2500 were perceived impor-
tant to the discipline. They further identified and named
529 "key articles." The study concluded that 61.7% of the

- key research articles reported basic research and only 21.2%
of the key articles were from clinical research. Their
study thus gives a strong evidence of the dependence of
major developments and research in clinical medicine upon
basic biomedical science research.

In his article, Retrospectroscope: Insights Into Medical

Discovery, Comroe further showed the dependence of biomedical
science innovations and clinical medicine on basic biomediecal

science research when he observed:

As you will see, everywhere that I have
turned the Retrospectroscope, it has shown
that scientists depend on the work of
scientists who depend on the work of

still others. Turned in some directions,
especially outside of medical laboratories,
it has revealed c¢rucial discoveries essen-
tial to later medical miracles, were

often made by those not directly concerned
with diagnosing or curing or preventing
disease, and that the work of many of these
,was judged to be impractical, impossible,
irrelevant Qx absurd at the time of
discovery.l



General Statement of the Problem

Our understanding of the manner in which the basic
biomedical science and clinical medicine interact is still
limited. While fe& will doubt that basic biomedical science
research has been highly productive in recent years and
that this has given solid foundation to advancement of med-
icine, the nature of this relationship is still not fully
understood.

Viewing the areas of basic biomedical science and
clinical medicine as consisting of a total system of bio-
medical science, the system undoubtedly possesses a set of
complex interrelated objectives. These include: (1) the
generation of the body of knowledge primarily related to
the advancement of medicine, (2) the innovation concerned
with synthesis and integration of previously existing body
of knowledge into a demonstrated operational capability
{medical developments), (3) the communication system needed
for the transfer of the body of knowledge, and (4) the
ability to maintain the continuing support for the growth
and advancement of this knowledge.

The general problem then, which provides the context
for this study, relates to the interrelated objectives of
basic biomedical science and clinical medicine. The need
for understanding these interrelationships has been motivated
by the events of recent years where many seem to advocate
the support of clinical medicine to the detriment of basic

biomedical science. Of this trend, Shannon warns:



. » it must not be forgotten that medicine
is a science based profession and separatlon
of physician education from life science
base would directly contribute to the
development of mediocre ph{iicians with a
high rate of obsolescence.

Previous studies seem to suggest that the development
and growth of clinical medicine is closely related to basic
biomedical science; that basic biomedical science provides
"core research information" within the universe of biomed-

ical science.l5

Within this context, it can be hypothesized
that there is a direct relationship between the quality and
guantity of literature generated by clinical medicine and
the quality and quantity of literature of basic biomedical
science. That is, one would expect there to be a definite
interaction between the literature of basic biomedical
science and the literature of clinical medicine in terms of
the flow of research information. The general questions
addressed in the study elaborate upon this idea.

Can the "effective direction”* of research information
be shown to be from the basic biomedical science research
orientation towards the clinical medicine research orienta-

tions? How does the increase of research literature affect

this flow?

*"pffective direction" of research information in the
context of this study refers to an overall difference between
the flow of number of citations from the basic biomedical
science research orientation to other biomedical science
research orientations and from the other biomedical science
research orientations to the basic biomedical science research
orientations.
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Since published research literature is an empirical
by-prcduct of the activity of science, it is assumed in this
study that biomedical science can be viewed through its
literature - the literature of basic biomedical science
research and that of clinical medicine. 1In scientific and
professional tradition, scientists, researchers and prac-
titioners refer to previous research, The literature is the
prime means by which most of the biomedical scientists and
clinicians keep up to date in the biomedical science field.
Houghton beautifully illustrates this characteristic when he
wrote:

Papers beget papers; a scientist will read
and assimilate the works of his precursors
and peers and use their experience as a
catalyst and stimulant to his own activity.
Their papers will act as a platform and a
spring-board for his published work and they
will be cited in his papers. His own works
will subsequently be cited by peers and
heirs and so thf fabric of the literature
will be worked.'®

Thus, there is a continuous research information exchange
within and across the various research orientations within
the universe of scientific knowledge. In the case of the
universe of bhiomedical science, therefore, there ought to
be an identifiable information exchange in the form of cita-
tions bhetween the basic biomedical science research orienta-
tions and those of clinical medicine as clinical scientists
refer to research information in basic biomedical science
and basic biomedical scientists refer to research information
in clinical medicine.

»

]
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The general problem arising from the two-way (bi-direc-
tional flow of research information) is to determine whether
the nature of the flow of research information is more from
basic biomedical science research orientation than from
clinical medicine. To examine this problem, this study
considers the universe of biomedical science as made up of
basic biomedical science, applied biomedical science, clinical,
and clinical practice research orientations. These are
designated as research shells to distinguish it from research

levels classification of Narin.

summary

This introductory chapter has provided a brief overview
of the structure of science and its relationship with tech-
nology as reflected in the literature generated and utilized
by both scientific and technological bodies of knowledge.
The concept of science giving rise to technological develop-
ments was extended to the study of biomedical sciencé.

Chapter two will review the related literature of research
done in the area of classification of scientific knowledge.

The work of Narin and othersl7

as it relates to the concept
of research level classification will be given special
attention because this notion aided in arriving at the
research shell of the present study.

The literature of citatiorn studies concerning the struc-

ture of science and technology will also be reviewed.

Studies reflecting the structure of biomedical science will



12

be given special attention. The flow of research information
borders on the pattern of communication between various
biomedical science specialties, and thus, studies conducted
in this area are thoroughly reviewed.

Chapter three states the specific purposes of the study
and the question of the pattern of flow of research informa-
tion. It identifies the specific problems investigated and
the hypotheses related to the study of these problems. The
limitations of the study are also given.

Chapter four discusses the methodological procedures
used to carry on the collection of the data, the analysis
of the data and the interpretation of the results of the
study.

Chapter five gives a detailed analysis and interpreta-
tion of the results of the study.

And finally, chapter six gives a brief comment on the
implications of the findings in the study. It gives an
overall summary of the study with suggestions for application

of the study and for further study.
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CHAPTER TWO

REVIEW OF RELATED RESEARCH

Studies of Scientific Literature

Quantitative study of scientific literature is com-
paratively new and may be divided into four general but
closely related areas.

The first includes the study of publications of subject
productivity for the purpose of identifying the structure of
growth of the literature generated by the given subject
field. This kind of study is made by counting the papers,
books, and other forms of writing in the subject area.

The second includes the study of the pattern of litera-
ture used in a given field for the purpose of identifying
the particular subject literature that researchers cite most
in the course of research works. This kind of study is
often made by counting references cited.

The third includes the study of the structure of
literature of a subject field for the purpose of identifying
the interrelation between the different subject literatures
and the pattern of flow of literature from one subject field

to another. This kind of study is often made by examining

cross-references between the literatures of the subject fields.

This leads to the identification of the nature of interaction
of one subject field on another and the subsequent networks

of literature of the related subject fields.
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Finally, the fourth type includes the study of the
pattern of communication among scientists of various subject
fields. This kind of study is often made by examining the
various communication channels as they involve literature
generated and used by the subject fields through the citation
pattern. The study leads to the identification of the place

of literature in the dissemination of information.

Publication or Productivity
of Subject Field

The earliest study of the publication or productivity
of literature in one of the biomedical science fields was

1 in 1917 when they made statistical

made by Cole and Eales
analysis of 5,436 writings of anatomy of animals published
between 1543 and 1860. In this analysis, they discussed the
fluctuation (with time) of the number of publications, the
shift of publication from country to country, and correspon-
dence between patterns on anatomy publications and external
economic and political events. Cole and Eales in their study,
- for the first time, recognize the promise of publication
analysis:

« « « it seemed possible to reduce to geo-

metrical form the activities of the cor-

porate body of anatomical research and the

relative importance from time to time of 2

each country and division of the subject.

In evaluating medical periodicals in 1936, Gregory3 made a

similar analysis of the literature of medical science and
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commented upon frequency of citation, nationality and lan~
guage for various journal literature in the field of medical
science. This was followed by the study of Hénkle.4 In

his study of literature productivity using the subject fields
of biochemistry he found that current literature provides the
most relevant and valuable source of information. From this
period on, individual studies have been made of the litera-
ture in specialized subject fields such as pediatrics,>
dentistry,6 physioloqy7 and schistosomiasis.®? The last,

by Warren and Goffman, concluded that the paper/author ratio
remains constant with time. They were the first to offer
recommendations to reduce the exposure to the entire litera-
ture and to increase the exposure to the literature of quality.
They further suggested that no action should be taken to
destroy the ecological balance between worthy literature and
the total amount of biomedical science literature.

In their study of 1966, Bayer and Folgerg made a cor-
relational study between citations and productivity in science
by comparing the citations received by 467 scientists earning
their doctorate in biochemistry in 1957 and 1958. The cita-
tions came from the twenty-seven biochemistry journals covered

by the Science Citation Index in 1967. The study shows that

three times as many graduates of high quality than low quality
institutions produced papers which were cited more than
fifteen times. They also show that twice as many graduates

of the lower quality departments had no citations.
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In her 1974 doctoral dissertation at the University of

10 gtudied citation rates and judges' ratings

Chicago, Virgo
of papers in the medical literature. She used as judges a
group of nine medical researchers who were actively engaged
in the practice of clinical medicine and in research in sur-
gery and radiology. The study shows that there is a high
correlation between the judges' ratings of papers and the
rate of citation.

Most of the studies employing the method of counting of
papers, boocks and other forms of writings have been made for
the purpose of indicating and demonstrating a relationship
between the quantity and quality of research produced ard the
conditions under which they are produced. Another purpose
was to discover the characteristics of the periodical litera-
ture in the subject fields and to draw general conclusions

about the dispersion of the literature used in scientific

research,

Use of Literature by Researchers

The pattern of the literature used by researchers in a
subject field has been pioneerec by the study made in 1927

by P. L. K. Gross and M. E. Gross.ll

In this study, the
authors were searching for objecﬁive means of selecting those
journals most likely to be of value in chemical research.
This method, called "reference counting," or some modifica-

tion of it has been used in research in various subject

fields. As this study was extended to include other fields
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of knowledge, the method used by Gross and Gross was refined
and elaborated. The first writers to extend the method used
by Gross and Gross to the study of literature of biomedical

13 and Brennen.14 Their

science were Brodman,l? Sen Gupta
various studies used the techniques of ranking periodicals
from frequency of citation to aid in the selection of journals
in the fields of biomedical science for medical libraries.
voigtl5 introduced an additional but significant characteris-
tic of the literature of subject field. This characteristic
was the "subject dispersion" of a field - the degree to which
a research worker in a given subject field makes reference

to the writing of other closely related subject fields.

In 1976, Narin and others, in extensive study of the
structure of literature of biomedical science, extended these
subject dispersion characteristics and introduced the concept
of "influence measures" of subject fields. Three related
influence measures were developed, each of which measured
one aspect of a journal's influence with explicit recogni-
tion of the size factor. These measures included:

The influence weight of the journal: a
size-independent measure of the weighted
number of citations a journal receives
from other journals, normalized by the
number of references the journal gives
to other journals.

The influence per publication for the
journals: the weighted number of citations
each article, note or review in a journal
receives from other -‘ournals.

The total influence of the journal:

the influence per publication_ times the
total number of publications.l
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Thus, the concept of influence measures is derived from
an analysis of referencing interactions among members of the
set of literature of biomedical science being considered.
Since this study, other related studies have been carried
out. Pioneering studies by Garfield’ and Pricel® have
established patterns of development within particular fields.
Garfield conceptualized the citation relationships as direct
lines connecting later documents with earlier ones. The
totality of such relationships constitutes an "historical
map." This concept has led to a fruitful study at the
Institute for Scientific Information providing the Atlas of
Science."1?

Most of the studies employing the reference-counting
method or some other meodified form of this have been made for
the purpose of indicating the most frequently used journals
-in a specific field and the journals which are of most impor-
tance in the library. Recent studies, however, in this field
have resulted in finding the sociological implications of
the structure of literature and the pattern of its usage among
various subject fields. One central issue for the use of
literature from one research field by another that has not
been directly addressed, and to be examined in this study,
is the degree of interaction of one research literature

with others.
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Structure of Literature

The study of the structure of literature of any subject
field was heralded by the study of Cason and Luhotsky.20
The authors made a number of advances in using scientific
journals to study the functioning of scientific community.

This paper which was published in 1936, discussed the influence
and dependence of psychological journals. It was mentioned
that journal to journal citation analysis could be used to
secure quantitative measures of the extent to which one
psychological field influences and is influenced by each of

the other psychological fields. This is the earliest study

to address itself to the study of "subject literature rela-
tionship.”

This was followed by studies of the citation links
between papers. These new citation studies are providing
different views of science. In his work on the sociology
of science, price?l has shown that the distribution of
references by age of cited papers provides a way of distin-
guishing between hard science, soft science and the humanities -
each of which is built on a different social system and pro-
gress in a different manner and ét a different rate.

A 1973 study by small?? examined co-citation as a measure
of the association between pairs of frequently cited documents.
The strengths of co-citation is defined as the number of times
that two documents have been cited together; it provides a
natural and quantitative way to group or cluster the cited

documents. Co-citation identifies relationships between
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papers which are regarded as important by authors in the
specialty. The strength of co-citation between two papers

can readily be determined from a citation index. This methed
has led to the peossibility of clustering of documents which
is useful in understanding the pattern of information dynamics

within subject fields, From this type of study, Sma1123

was
able to show that the literature ¢of biomedical science pre-
sents a structure that is quite different from the physical
sciences.

As might be expected, citation ahalysis has always
played a fundamental and productive role in the attempt to
define the structure of science. Mary studies, using the
citation patterns between journals, have heen able to define

24 25 Jahn'26

the disciplinary structure of science, Goffman,
and Small?’ have all shown that a specialty is defined by a
few critically important papers that appear early in its

history. Small and Griffithzsf 29

in their studies have gone
so far as to produce a map that showed all the high activity
specialties in the natural sciences. Small, on his own, has
extended this work to produce a map that shows the evolution

- of a single, biomedical science specialty, collagen research. 0
This same technique has led to the recent construction of

Atlas of Science and the subsequent production of ISI Bio-

medical Science Index at the Institute for Scientific Infor-
31

mation,
The pioneering co-citation study by Small and Griffith32

was designed to test two hypotheses. One was that science
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is made up of a structure of specialties that can be defined
by objective means. The other was that a particular cita-
tion measure of the common intellectual interest between
two documents was a practical way of defining the structure.
The technique used was co-citation strength, which is defined
as the number of documents that have cited a given pair of
documents. Co=-citation therefore can be seen as a creative
reversal of Kessler's bibliographic coupling concept,33
which uses the number of references a given pair of documents
have in common toc measure the similarity of their subject
matter. The weakness of bibliographic coupling technique in
the study of structure of science is that the structure
presumably is dynamic over time,_whereas bibliographic coupling
is a fixed measure. In contrast, co-citation strength
reflects the frequency of being cited, which is a charac-
teristic that is variable over time. The rationale behind
the use of co-citation strength, therefore, lies in its
reflection of shifts in research focus and relationships.

This classic methodology of Small has opened ways to the
study of the structure of science and in particular, the
study of the structure of biomedical science. The study
leads to the understanding of the structure of biomedical
science and also aids in the identification of the pattern
of information flow among the biomedical scientists.

Most of the recent studies using the cross-citation
technique have grown in importance because the need to under-

stand the complex pattern of activities and communication
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within the scientific community is highly related to the
nature of the flow of literature of one subject to another.
Iﬁ the biomedical science field where the factors contributing
to the generation and utilization of its literature depend
on research activities, education, and services, such under-
standing of communication within its community is vitally
important.

Some other studies provide evidence that specialties
are the basic intellectual and social unit of the scientific
mosaic. Crawford>? described how specialty of sleep research
is built around the communication between a small group of
key individuals and research centers., Griffith and Mullin535
have shown that small coherent groups are capable of producing
major changes within disciplines. Crane's work of specialties
in rural sociology and mathematics3® has led her to the ideas
of specialties forming a structure that can be mapped.
Based on the conceptual foundations of the literary model of
science that was validated by the D.N.A. history study, Price
has used citation patterns to explore the structure of

p»hys:‘m53—'r

and of its specialties.

While several studies have been done in the field of the
structure of the literature of science, relatively little
research has been directed toward the study of the nature
of interaction between the literature of basic sciences
and applied sciences. The studies in the field of biomedicai
science literature have been based generally on the iden-

tification of activities within each of the specialties

without addressing the issue of the direction of flow of
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research information within and across biomedical science
research categories. And while efforts have been made to
classify biomedical science into various structures of
specialty and research levels using patterns of citations and

the co-citation coneptaga

there has been no study directed
toward finding the direction of the flow of research infor-
mation. It is intended in this study, by classifying the
universe of biomedical science into definable research orien-
tations and by using citation analysis, to identify the

direction of flow of research information within biomedical

science.

Pattern of Communication Flow
Among Scientists

The "communication problems" of scientists are often
equated with "literature problems" in that the primary source
of difficulty is assumed explicitly or implicitly to be
changes in the characteristics of the scientific literature -
its volume, growth, form, content or guality. In the
discussion of these problems, phrases connoting an acute

threat, such as "the publication explosion
"paper flood"4l are commonly employed and assertions that
scientific publication is deteriorating are frequent.

The communication problems of biomedical scientists
in their tripartite functions are complex. In 1965, Sir
Theodore Fox, former long-term editor of Lancet, pointed to

42

a crisis in communication. He suggested that medical
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journals had outlived their usefulness, in large part because
of editorial deficiencies and a lack of organization. He
went further to say that we were approaching a period when
the conventional journal would have to be replaced by more
efficient, timely, and less-costly mechanism for the dis-
semination of information.

The crisis in biomedical science research communication
has become one of the fundamentél concerns of users and
processors of biomedical science research information. Orr

43 aptly described some of the concerns to include

and Leeds
language, literature scatter, and volume , roughly in ascen-
ding order of expressed concern. Their study noted the
rapid increase in the number of other languages other than
English language as shown from the data of biochemistry
literature., The study noted the implications of this trend
for biomedical research communities as:

(a) foreign language will become progressively less
satisfactory as it becomes more difficult to
decide which languages to study; and

(b) individual biomedical scientists will become more
dependent on translations. For abstracting-index-
ing services, the problems posed by the prolifera-
tion of scientific languages will be particularly
difficult.

The scatter characteristic of the output of biomedical

research has very important implications for any library

or other information service that attempts to meet the needs
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of broad segments of the biomedical science research com-
munity. These inherent problems in the characteristics of
the literature of biomedical science have contributed to the
nature of complexity in the pattern of communication flow
among the biomedical scientists.

Measures of the growth of the literature of biomedical
science show an exponential trend. While growth may stabilize
in the future, as Price has suggested for the scientific
literature,44 it is important to note that the duty of
differentiating and identifying quality literature from the
universe of the scientific literature grows continually more
difficult for both the scientists and information specialists.
Scientists, information specialists and librarians must be
more aware of how scientists communicate with each other.

As long as science continues to grow, all of the communica-
tion activities must also increase. What is observed is the
crystalization of old specialty areas and the growth of new
specialties having high potentials of generating literature.

Admittedly, the steadily expanding wvolume of scientific
information makes it increasingly difficult for the scien-
tist to locate the information that he needs for his research.
Hence, the need to evaluate prcblems in the context of the
structure of scientific knowledge. Science in general and
biomedical science in particular, utilize information both
from within his own research subfield and from many other
related subject fields as well. This makes it unlikely for

scientist to have access to all the information that is
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potentially useful in the format needed by him. The prob-
lems that he faces in obtaining the information he needs

vary depending upcn whether he is seeking the information
within his own research area or whether he needs information
from another subiject field. 1In general, he is likely to have
more difficulties when he seeks information out of his sub-
ject area than he does when he seeks it within his own
subject field.

Some "socio-scientific" communication problems exist
where scientists' awareness of existing research, published
or unpublished, depends upon his own position in its social
organization, the size of the area, and the amcunt of agree-
ment among researchers in the area about the labels they are
using in defining their research. These factors also affect
how rapidly he obtains information. 1In this type of "socio-
scientific" communication interactions, speed is vital since
unpublished research, when published could pre-empt his own
discoveries. In the study of Narin and his colleagues45 it
has been shown that biomedical science field is not only
exhibiting many important specialties but also that these
specialties are continuously growing. This in turn is seen
to affect the flow of rélevant research information among
biomedical scientists. Thus, the larger in size the research
literature is in a given research orientation, the more dif-
ficult it is for an individual biomedical scientist in that
given research orientaticn to obtain the relevant information.

Since it appears that scientists require materials out-

side their own areas, further understanding of how they
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cbtain thisg information would seem to be imperative if the
communication of scientific research information is to be

improved. This is even more important in the field of bio-
medical science, which is made up of two important segments
with dynamic subspecialties - basic biomedical science and

clinical medicine.

Classification of Biomedical
Science Literature

Many agree that the traditional form of organization of
knowledge has failed to keep up with the continuous prolifera-
tion of scientific specialization and the concomitant expeonen-
tial growth rate of their literature.?® These have been
seen to have contributed to the submersion of the most
useful and vital research information.

ITn an attempt to ke all things to all knowledge, the
three universally primary literature classification systems
fail to bring like things together for the community of
scientists, practitioners concentrated in a specific field.
More serious a problem, is the failure of traditional classi-
fication systems to organize research journals and non-jour-
nal serials {(the prime channels of dissemination of scien-
tific knowledge) in a format that maximizes the exposure of
relevant research literature to a defined scientific community.
The tradition to dichotomize knowledge into "pure,” "applied,"
"technology," and "practice" always invariably becomes
anachronistic to newborn specialization. Thus, the growing

desires and needs of scientific community to have maximum
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contact with the ever growing pools of knowledge have led to
a recent avalanche of number of studies seeking to address
the problems of research information communication, ané the
general structure of science and its literature. Cozzens

47

et al, have collated these kinds ¢of studies in their

Citation Analysis: An Annotated Bibliography. Alseo, the

Royal Institute of Techneology Library, Stockholm's have made
a comprehensive compilation of a bibliography of Biblio-
metrics and Citation Indexing and Analysis.48
.The central guestion of whether methods used by the

librarians, documentalists and information scientists to
organize knowledge and information keep pace with the growth
of knowledge and our changing construct of it have led to
several innovative ideas in the overall conceptual theory of |
classification of knowledge. From Bradford's Law of Scatter-
ing to Goffman's epidemic theory of information has emerged
the notion of a "core-knowledge" which generates other know-
ledge within the universe of science.49r 50 Briefly stated,
this "core-~knowledge" concept consists of the tiny but active
subdivision within the universe of scientific knowledge
which generates laws and natural constants that aid the
growth of science in general and technological developments
in particular, |

| Since the c¢lassic work of Gross and Gross, 1927,51 in
which a tabulation of citations were used to analyze scien-

tific literature there have been several other studies which

show the complex nature of the structure of science. It
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52 applying the technique of factor

was Van Cott and Zavala,
analysis to subject classifications of abstracted articles
in physics who observed that, "It should be possible to
extract from the literature of a given discipline some
relatively stable structure that reflects the true struc-
ture of that discipline."” 1In the same year, Xhignesse and
Osgood53 studied the citation characteristics of the psy-
chology literature and created a model showing well-defined
clusters of journals. These early studies seem to lead to
speculations that there may be other useful forms of classi-

fication such as the "research shell" classification of

knowledge to be proposed in this study.

Narin and "Research Level"
Classification Scheme

In Evaluative Bibliometrics: The Use of Publication and

Citation Analysis in the Evaluation of Scientific Activities,s4

a study conducted by Narin and his colleagues for National
Science Foundation, developed and classified the literature
of biomedical science into four layers of "research levels":

Basic biomedical research;

Clinical investigation;

Clinical mix; and

Clinical observation.
These four research levels were acknowledged to represent
the four research orientations within the universe of bio-

medical science with no formal definition of the terms.
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Using biomedical journals as units of this classifica-
tion, Narin and his coclleagues found that the citation
pattern of journals within a subject field reveals certain
characteristics of the field and of its interrelations with
other fields. Using this information, Narin c¢lassified a
particular journal into one of the four research levels by
its citation pattern. The resulting classifications were
seen to reflect the type of research published therein.

In the scheme, over nine hundred biomedical journals were
clagsified into fifty biomedical fields and into four
regsearch levels ranging from the most applied (clinical
observation} to the most fundamental (basic bicmedical
science). ©See Table I for the listing of biomedical science
fields studied by Narin.

The range of subjects covered in a given journal extend
from the specific focus of a narrowly defined research
specialty. The classification of biomedical science jour-
nals into fields conforms to the designation of the medical
specialties around which the literature has arisen.

Narin's concept of "research level" classification of
biomedical science literature pictures the literature Qf
biomedical science as consisting of hierarchical layers
with basic biomedical research level forming the bottom
layer and clinical cbservation research level as the upper-
most layer. Thus, the interactions between ;nd among the
layers are seen as unidirectional in a plane. Narin'’s work

has added a new significant dimension to our knowledge of
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Table I

List of Subfields in Biomedical Science
Defined by Narin

Clinical Medicine

General and Internal Medicine
Allergy

Anesthesiology

Cancer

Cardiovascular System
Dentistry

Dermatology & Venereal Diseases
Endocrinology

Fertility

Gastroenterology

Geriatrics

Hematology

Immunology

Obstetrics & Gynecology
Neurology & Neurosurgery
Ophthalmology

Orthopedics

Arthritis & Rheumatism
Otorhinolaryngology
Pathology

Pediatrics

Pharmacology

Pharmacy

Psychiatry

Radiology & Nuclear Medicine
Respiratory System

Surgery

Tropical Medicine

Urology

Nephrology

Veterninary Medicine
Addictive Diseases

Hygiene & Public Health
Miscellaneous Clinical Medicine

Basic Biomedical Research

Physiology

Anatomy & Morphology
Embryology

Genetics & Heredity
Nutrition & Dietetics
Biochemistry
Biophysics
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Table 1, Continued

Virology

Parasitology

Biomedical Engineering

Mcroscopy

Miscellaneous Biomedical Research
General Biomedical Research

SOURCES: Narin, Frances. "Evaluative Bibliometrics: The
Use of Publication and Citation Analysis
in the Evaluation of Scientific Activity."
A study done in fulfillment of Contract NSF
C627 with National Science Foundation, March
1976.
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classification of the biomedical science literature. How-
ever, to date it has not been shown that experts in these
fields would agree with the classifications that were created
by Narin using citation analysis. 8ince biomedical science
experts know their fields and the literature generated and
utilized by them, it is expected that they can create clas~
sification of the literature of biomedical science based on
the concept of research orientations. One of the purposes of
the present study is to attempt to validate the concept of

the research level classification of Narin by comparing the

research level classification with research shell classifica-

tion to be developed by experts.

Narin's work undoubtedly brought to focus that there
are differences between various research orientations within
the universe of biomedical science as reflected in their
pattern of citations. The establishment of research level
classification aided the present study in addressing the
nature and pattern of flow of research information within
and across the different research orientations within the

universe of biomedical science.
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CHAPTER THREE

CONCEPTUAL FRAMEWORK

Purposes of the Study

It has been noted earlier that, biomedical science
exhibits many important and active subfields. These sub-
fields, in terms of literature generated by them are dynamic
and growing.l Molinowsky's classified list, categorized
such important and active subfields in biomedical science.?

Wagner in a provocative lecture, The Basic Medical Sciences,

The Revolution in Biology and the Future of Medical Education,

capsulized the dynamics of biomedical science in relation to

biology.3

The dynamics and the growth of the literature of
biomedical science influence the flow of research information
within and across various research orientations of biomedical
science.

Previous studies sought to establish the relationship
between one subject field and others in terms of their
literature interactions. One of these studies introduced

4 in the

and established the concept of "research level”
study of the literature of biomedical science.. However, none
sought (1) to identify the pattern of flow of research
information within and across various research orientations
within the universe of biomedical science; and (2) to find
the degree of interactions between them.

Biomedical science is a mosaic of more than fifty sub-

fields,5 which can be classifiad into definable research
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o;iéntations by using the biomedical science experts and the
literatﬁre they generate. The universe of biomedical science
research in this study shall be considered as made up of
four research orientatioens, each to be designated as research
shell. o o : f

| Crane,6 noting the literature interaction between various
subject specialties recommended that further research is
needed to identify how research information in one subject
specialty interacts with research information in another
subject specialty. No one will doubt that scientists in
general and biomedical scientists and practitioners in par-
ticular require research information outside their own areas
during the course of their research or professional investiga-
tion and practice. The main reasons they do so is to prevent
any possible duplication of research efforts and to enhance
efficiency in professional investigation and practice.
Whether the benefits derived from referring to past research
are directly proporticnal to the size of the available re-~
search literature has been questioned: "Although the size of
the literature continues to increase, only a small portion of

w7 Thus, it seems

it appears to be of significant value,.
possible that the rapid growth in size in the quantity of
research literature places greater resistance to the flow of
quality and guantity of research information within and
across research corientations. Therefore, there is ; geheral'

need to understand the nature of the interaction between the

literature of various research orientaticons within the uni-



verse of biomedical science. Any finding of relationship

between the size of research literature and the quality of'_

flow of research information within and across the dif-

ferent research orientations would aid in this understanding.

The general purposes of this study are: N

(a)

(b}

(c)

(d)

(e}

to examine the interaction between the literature
of the various research orientations within the
universe of biomedical science; = ;

to test the idea of classification of the research
journals of biomedical science into research
orientations by biomedical science experts;

to validate the concept of using citation analysis
to classify biomedical science research journals
into "research level;"

to determine the quantitative differences in the
flow of research information between.one bipmedical
science research orientation and the others; and
to study the effect 0f the increase in the size of
research literature on the gquantity of flow of
research information within and across research

orientations. . o ]

‘The study of Narin and his colleagues, introduced a

new but important dimension into the study of the structure

of literature of biomedical science in particular. From the

study, it can intuitively be viewed that biomedical science

is made of hierarchical research level structure, which this

study chooses to call research shell structure. The concept



o
| A

]
fof research level and research shell structures is basically
the same because, research level and research shell struc-
tures refer to the different research orientations existing
| within the universe of biomedical science. However, while

the concepts of research level structure emerged through
examining the pattern of citation among the various subject
fields within the universe ¢f biomedical science, that of
research shell structure was developed using biomedical sciehce
' experts and the literature they generate. The objective of
picturing the universe of biomedical science as made up of
research shells is to address the problem of the nature of
interaction between and flow of research information within
and across research orientations. The use of research shell
terminology in this study 1is only a matter of personal con-
venience of looking at the same structure of the universe
of biomedical science. And also, a means of distinguishing
it from research level structure. ' ' !

As early as 1963, Garfield® asserted that citation index-~

ing provided an objective method for defining a subject h
field. 1In the same year, Derek Price,9 declared in an
unpublished paper that the study cof citation relationships
among research documents might allow one to view the struc-.
ture of science in geographic texrms., These early theoretical
assertions and declarations led to Kessler's study on "bib-”
liographic coupling;"10 and Small and Griffith'sll two-part.
study of the structure of scientific litgrature in which they .
introduced the concept of co-citation.téhidentify the inter-

action between one subject specialty and another. -

|
N S S
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These seminal ideas of using citation interrelation-
ship to define the structure of science led Narin and his
colleagues to develop the "research level” structurel?
of the literature of biomedical science, The structure of
biomedical science was identified to consist of four hier-
archical layers in which basic biomedical research forms the
base of the hierarchy. Although they identified the different
research orientations within the biomedical science and clas-
sified them into hierarchical structure ranging from the most
basic research ﬁo rnost applied, the question of whether bio-
medical science experts can be used to classify the universe
of biomedical science into defined research orientations was

not examined. ' ' | !
While the operational definitions of Narin;s foﬁr researéh
levels were based on citation patterns, thaﬁ of four research
shells were bhased on defined guidelines used by the biomedical
sCience experts in the classification. This led to a change
of nomenclature (see Table II).
Since experts will be employed to classify the research
journals in biomedical science into the various research
orientations, definitions of each of the research orienta-

.
tions must be comprehensible to the biomedical science

community. S T ey
Generally, it can be hypothesized that, the literature
generated by basic biomedical science research is considered

as the fundamental vehicle of biomedical science communica-

tion. Thus, basic biomedical science literature provides a
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Table II: The Narin/Pinski "Research Levels" Classification
Scheme Through Citations and the "Research Shells"
Classification Scheme Through Biomedical Science

Experts

' "Research Level" Clasgsification i "Research Shell" Classifica-~-
' Nomenclature | tion Nomenclature

Basic Biomedical Research Basic Biomedical Science
Research L4 Research Shell 1 (Nucleus)
Clinical Investivgation Applied Biomedical Science
Research L3 Research Shell 2

Clinical Mix Research 12 Clinical Research Shell 3

Clinical Observation L1 Clinical Practice Shell 4
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basis for the growth of the development of the literature of
clinical medicine. In other words, basic biomedical science
provides the nucleus which stimulates the growth of bio=-
medical science as a whole. The biomedical science research
journals will be used to classify the universe of the litera-
ture of biomedical science into research shells by the bio-
medical scientists and clinicians.

To classify the literature of biomedical science into
"research shell" nomenclature, the following definitions
guided the study:

Shell 1 - Basic Biomedical Science Research:

The first research shell is concerned with
fundamental scientific research that may
or may not lead to the advancement of medicine.

Shell 2 - Applied Biomedical Science Research:

The subject research area of biomedical
science which is concerned with mission-
oriented research activities that emphasize
the applicability of certain existing research
results to the understanding and solution of
biomedical problems.

shell 3 - Clinical Research:

The subject research area of biomedical
science which is concerned with finding
solutions to medical problems by direct or

indirect experimentation on human subjects,
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Shell 4 - Clinical Practice:

The subject area of biomedical science which
is concerned with observation of medical
facts of existing and on-going medical prac-
tice without drawing much inference from these
observations.
An acceptance of the above definitions by biomedical science
experts in classifying the biomedical research literature
into their defined research shells will mean that scientific
body of knowledge in general and the biomedical science in
particular, can be demonstrated to have unique and different
regsearch shells.

The problem of understanding the structure and pattern
of flow of research information within the biomedical science
community has led to ask if a research shell within the
universe of biomedical science generates streams of liter-
ature with quantifiable exchange of research information
with other biomedical science research shells as demonstrated
in the pattern of flow of citations. Thus, this study will
address the connection between different research shells in
the universe of biomedical science by examining the citations
which flow within and across each research shell., The study
will examine whether objective facts exist to support the
flow of research information between the basic biomedical
science research shell and those of clinical medicine; and
whether the increase in the size of biomedical science

literature actually contributes to decreasing the flow of
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research information within and across the biomedical science

research shells.

Specific Problem Statement

While previous studies seem to suggest that the growth
of clinical medicine depends on the growth of basic bio-
medical science, an aspect of this general problem which has
not been explored is the quantitative relationship betwéen
the flow of research information (citations) from the basic
biomedical science research into that of clinical medicine
research and the flow of research information from clinical
medicine research into the basic biomedical science research.

This study will address the fundamental gquestions:

1. Can biomedical science experts effectively classify
the biomedical science research literature into
their research shells? Assuming that (1) is possible;

2. How does this classification compare to that of
Narin, achieved through citation analysis?;

3. What is the quantitative difference in the flow
of research information between the basic biomedical
science research shell and the clinical medicine
research shells; and

4. What is the effect of increase in size of research
literature on the flow of research information?

The answers to these questions should be important to

the field of information and biomedical science and librarian=-

ship in four ways. First, any finding showing that experts
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can effectively classify the literature of biomedical science
into their different defined research orientations may lead
to a new theory ofhclassification of scientific knowledge

and hence lead to improved information retrieval system.
Second, the knowledge of these quantitative relationships

may help in understanding the problems associated with com=-
munication of scientific information within the biomedical
science community. And third, the discovery of the existence
of any relationship between the size of research literature
and the flow of research information of biomedical science
will £ill a gap in our knowledge concerning biomedical science
communication.

In general, this study will investigate the notion that
the literature of basic biomedical science provides a basis
for growth and development of the literature of clinical
medicine, and hence that the growth and development of clin-
ical medicine itself relies upcn the growth and development
of basic biomedical science.

The central hypotheses which will guide this study shall
be:

Hl: Biomedical science can be classified into defined

research shells by biomedical science experts
using research journals;

H2: This classification will correlate highly with that

of Narin, achieved through citation analysis;

H3: The quantity of research information in the form

of the number of references made from the basic
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biomedical science research shell by any of the.
outer biomedical science research shells is sig-
nificantly greater than that of other biomedical
science research shells to the basic biomedical .
science research shell. .

H4: Using Bradford's law of distribution, it can be
shown that the flow of research information as
measured by the number of reference counts from

basic biomedical science research shell to the
_ |-
biomedical science research shells decreasesg

significantly as the size of research literature

.
in basic biomedical science increases. }

- . I
1

The reasons for the hypotheses are: .. S

Biomedical experts having a good knowledge of their
field, will tend to be able to classify the universe of
biomedical science into research ghells using the biomedical

science research journals, assuming that the concept is
- i a4

|
|

Basic biomedical science representing the source of

valid.

biomedical research and its research orientation being mostly
basic and fundamental, will tend to provide greater sources"”:
of research infeormation than the clinical medicine research
shells. | ' I
Clinical medicine, the three outer research shells of
biomedical science representing the applied arm of the bkio-

medical science will tend to rely significantly on research

information of basic biomedical science. ' ’
b

|
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1

The growing in size of research literature of hasic
biomedical science will tend to contain irrelevant research

literature which affects the flow of relevant and important

» L] ’ I |
research information. : |

li:.
Arising from the above hypotheses are the following

specific questions:
Can the universe of biomedical science actually be
classified into research shells using research journals?

How will such a classification compare with that of

|
Narin, accomplished through other means? ’

What is the quantity of "flow of research information"
as measured by citation analysis from basic biomedical science
|
What is the quantity of flow of research information

raegsearch shell to other research shells?

aé measured by citation analysis from any of the other
research shells to basic biomedical science research shell?
How is the flow of research information as measured by
citation analysis from basic biomedical science research
shell into all the research shells affected by an iﬁcrease

of research literature in basic biomedical science?

Limitation of the Study |

The study is limited to the guantitative analysis of
the literature of biomedical science. As conventionally
defined, the biomedical science literature shall include
all documents classified as relating to basic biomedical
science and clinical medicine research shells. Sociological

g

PR
L

R . ]
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factors which may influence the nature of the flow of bio-
medical science are not considered. Also, the study does
not consider the influence of the environments of the four
biomedical science research categories within the universe
of biomedical science in the generation of literature.

That is, how clinical medicine and basic biomedical research
environments affect the nature of productivity of literature

is not considered in this study.
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CHAPTER FOUR
METHODOLOGY

Introduction

A number of different research methods are available
which can provide a measure of understanding of the infra-
structure of biomedical science and the nature of interac-
tions of its subfields with one ancther. Some methods
allow the examination of the nature of contribution that
basic biomedical science makes to applied biomedical science
innovations and others provide'ﬁeahs for studying the rela-
tionship between basic biomedical science and ¢linical med-
icine through the analysis of citation in varying subject
fields. . - _ :

For instance, at an early stage of the study of the
structure of science, the case study method was employed to
examine the nature of the contribution of scientific research
to technology. This method relies on an analysis of the
historical lineage of specific technological innovations.
Examples of research projects which have employed the case
study method to advantage are Project Hindsight,l TRACES , 2
and Comroe and Dripps.3 | 'F. .. ' - ;

Although this method has been used successfully to
establish a pattern of relationship between science and
technology, and between one subject specialty and another,

case studies as a research method possess certain limita-

ch T e e e i we ; _ . P
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tions. The use of the case study method requires specialists
who are capable of identifying and interpreting the nature
of the infra-structure of science as revealed by the his-
torical investigation. Also, one's ability to generalize is
made difficult by a case study, and the development of com-
prehensive and complete case studies is extremely time con-
suming. These factors tend to limit the number of individual
cases which can be investigated and in addition, they pro-
duce a rather high unit cost. Finally, many members of the
scientific community are skeptical about the use of an his-
torical analysis as a means of obtaining an accurate picture
of the present. It has always been argued that the relation-
ship between science and technology is so dynamic that the
study of such relationship as it existed in the past often
results in an inadequate description of the present.
Analyzing the nature of this interaction on real-time

basis, Allen4

developed an instrument which appears to hold
some potential., He developed the use of critical incidents
and Solution Development Records to monitor research pro-
jects which are in progress. In this method, it would allow
the investigator to indicate in his own best judgment, the
qualitative nature of the interaction.

As in the case of the case study method, the Solution
Development Record does not only require a rather high
expenditure in terms of time and money but also needs the
active participation of the individual researcher.

Another instrument which has been employed in the study

of the nature of the interaction of science and technology
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is that of formal interview. Unfortunately, interviews and
guestionnaires are difficult to develop and administer.
Also, response rates often endanger the validity of such
studies., Summarizing some of the major disadvantages of
interviews and questionnaires, Webb et al.> stated that
they intrude as a foreign element into the social setting
they describe; they create as well as measure attitude; they
elicit atypical roles and responses; and they are limited
to those who are accessible and will cooperate.

However, to study the substantive nature of the pattern
of flow of basic biomedical science research information
and of clinical medicine, citation analysis method was sup-
plemented by the guestionnaire method in this study. The rea-
sons for the use of guestionnaire method as a supplement to
the citation analysis method were based on the facts that:

(1) The literature of the universe of biomedical science
being the by-products of research activities within
biomedical science community, biomedical scientists
and practitioners are the best qualified to deter-
mine the research shell classification of each of
the research literature. ngstionnaire method was
found most useful in obtaining the defined research
shells.

(2) 1t was the only method which facilitated the collec-
tion of the right type of data - classification of
research journals by the experts.

(2) It provided economy of effort and time.

The detail of how this method was used in part to obtain the
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right type of data for this study is given later in the
chapter.

Citation analysis is that area of bibliometrics which
deals with the study of the relation between a part or the
whole of cited documents and a part or the whole of the
citing documents. Ziman rightly observed that "a scientific
paper does not stand alone; it is embedded in the 'literature'
of the subject.”6 Citation analysis method taken advantage
of the scientist's obligation to recognize sufficiently
another scientist's contribution. This obligation to recog-
nize sufficiently another scientist's contribution has been
expressed as follows:

We know that he will be under pressure
to make his contribution to knowledge
known to other scientists and that they

in turn will be under pressure to acknow-

ledge his right to intellectual property.7

In the context of the nature of the flow of research informa-
tion within the universe of bicmedical science and clinical
medicine, this recognition is usually achieved by a citation
to published works.

Citation analysis studies have been based on all or some
of the following assumptions with their supporting or counter
validity:

(a) Citation of a document implies use of that document

by the citing author. This assumption has two conditions:

(1) the author refers to all, or at least the most important

documents used in the preparation of his work; and (2) all
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documents listed were actually used. Thus, author refers to
a document only if that document has contributed to his work.
Davies, stating a "fundamental law of reference giving“ said,
"it is unnecessary to have read or even seen the reference
yourself before quoting it."8 Price had also noted that:

Clearly, the citing of a paper does not

necessarily imply it has been read, and

even more certainly not all papers read

are cited, but these is some significance

in such citations.

It seems therefore that, without looking at the text of

both the citing and cited documents, it may not be possible
to make any judgement as to whether a particular citation

does indeed represent use of materials in the cited document.

(b) Citation of a document reflects the merit (quality,

significance or impact) of that document (author, journal or

article. The study of Edwards and her colleagues showed that
there is a high positive correlationl0 between the number of
citations which a particular document receives and the quality
of the document. Bayer and Folger noted that measures

derived from citation counts have high validity.ll However,
Thornel2 argues that citation counts have spurious validity
because documents can be cited for reasons irrelevant to

their merits. This assumption has been generally tested and
has found supports in a number of studies including studies

of scientific papers, journals and scholars.

(¢) Citations are made to the best possible works.

This assumption suggests that the citing author knows the






