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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
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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



22

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



34

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
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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
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population from which the cited documents are selected.
Assuming that citations are made to the best documents in
the population, then one must imagine that authors sift
through all of the possible documents that could be cited
and carefully select the best. However, studies of research
information use have suggested that accessibility is as
important a factor as quality in the selection of informa-

tion source. Soper in 197613

conducted an investigation on
the effect of physical accessibility upon selection and use
of references. She found that the largest proportion of
documents cited in author's recent papers was located in
personal collection; a smaller proportion was located in

libraries.

(d) A cited document is reflected in the context to the

citing document; if two documents are bibliographically

coupled, they are related in context; and if two documents

are co-cited, they are related in context. The successful

use of citation indexes to retrieve relevant research informa-
tion, given a cited document supports the first parts of this

14 conducted a study in which authors

assumption. Barlup
were asked to access the degree of relatedness of citation
to their own works. The authors judged that 72% of such
citations were related. However, with the second part of

the assumption, Martynl5

conterds that a bibliographic coupling
is not a valid unit of measurement because one does not know
that two documents citing a third are citing the identical

unit of information. Thus, bibliographic coupling is merely
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an indication of probability of relationship. The same
argument in fact applies to all uses of citations.

(e) All citations are equal in all respects. In

recent years, many investigators have sought ways to refine
citation analysis which would not necessarily treat all
citations to the same articles as equivalent. A number of
recent studies have shown that it is not wholly valid to
treat all citations equally. Bartram'® in his study reported
that there is a significant relationship between citation
level and the section of the citing article in which a cita-
tion occurs. A study reported by Herlachl” tested and
accepted the hypothesis that mention of a given reference
more than once within the same research paper indicates a
close and useful relationship of citing to cited paper. Voos

and Dagaevl8

agreed that location and multiple mention can
be used to distinguish citations of particular value.
walhartl? succinctly summarized another limitation of
citation analysis method when he noted that it relies on
printed documents - particularly in the form of journal
articles as the basic source of data. Such reliance limits
an investigator to the study of only those communication
patterns of persons who publish as well as only those communica-
tion acts which involve the use of documents. It has been
observed throughout the history of scientific communication
that others do make references to personal conversations.

Obviously then, citation analysis permits only a limited

view of the total communication system and of the nature of
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ical areas or institutional settings, since what
one is actually analyzing are published literature
articles of research and development, and not the
research and development process itself; |
(c) Citation analysis can be accomplished withoﬁt the
assistance of highly trained subject specialists;
{d{ Citation analysis can be performed at.a fraction
of the cost of the other methods discussed above,
thus providing the investigator with the means
for examination of much wider range of cases; and
(e} With the development of science citation index
and social science citation index in computer
form, the probklem of manual compilation of data
has been eliminated,
0f the research methods which can be used to study the
nature of interaction of the literature of science, most’
especially the literature of biomedical science, citation
analysis provides the best compromise. Insofar as the present
study is concerned, and considering time limit, the purpose
of this study, the capabilities of this investigator to handle
and manipulate effective substantive elements, and related
resources and costs, citation analysis method would be the
research method for this study.
Tha central purpose of this study is to study the
interaction between the literature of basic kbiomedical
science and that of clinical medicine in terms of their
flow of research information. To realize this purpose,

selection of samples from the universe of biomedical science
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research journals was undertaken, the classification of the
research journals into research shells was developed and,

an input—output citation matrix table was constructed.

Selection of Samples = = - ;
' o

The quality of literature generated by the four research
shells of biomedical science is phehomenally large and it
is realisticaliy imposggible to undertake an analysis of the
entire body of such knowledge. An examination of the data
of source items, the number of journals indexed and their
corresponding number of citations generated which are com-
piled annually by the Institute for Scientific Information

t.2l In order to reduce the

since 1968 demonstrates this fac
universe into a manageable study, and still retain a gener-

alizable result, the study uses Science Citation Index's

Journal Citation Reports: 198022 to develop and compile

the data for the study.

The Journal Citation Reports, which from now on will

be called simply as JCR is a recent volume addition to

Science Citation Index (SCI). It started publication in

1975 and has since been coming out annually with new, revised,
and updated information. The JCR has some features which

make it amenable for easy bibliometriec

'Y

'study of this nature.
Some of these features include: o
(1) The JCR is an index containing journal ranking

packages with eight listings:
(i} Each volume contains listings of the scientific

journals in alphabetical order cited in that year.
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(ii) It contains the listings of several highly cited
non-journal publications; : | ;
{iii}) The nextlfive of the listings contain the féhking
of journals by various counts and indicators such
as immediacy index and half-life; and
(iv) the last listing contains the ranking of joﬁrnals
by impact factor within subject categories.
Iﬁpact factor was defined by.Gérfield as "a measure of the
frequency with which the 'average cited article' in a jour-
nal has been cited in a particular year." The JCR impact
factor is basically "a ratio between number of citations
and citable items published."23 . : .
The ranking listings present a great deal of useful
information. Some of these are summation of reference counts
made and citations received which are brcken down by cited

journals and by c¢iting journals in the two large sections of

the JCR called the citing and cited journal packages.

The citing and cited journal packages show citation

frequency relationship between pairs of journals. Thus, in
the citing journal package, one can find which journals a
particular journal has cited, and a distribution by year of
the publication dates of the cited materials. B

In the cited journal package, one can find whicﬁ jour-
nals have cited a particular journal, and a distfibution by
year of the publication dates of the cited materials. Speci-
mens A and B, reprocduced from the JCR (1980) 24 illustrate the

arrangement of these useful packages.
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Biomedical science journals rather than books are
sources of the data. ﬁiomedical science research journals
are chosen for the sources of the data because, traditionally
between 80% - 90% of medium of biomedical science research
communication have been reflected in journal literature and

personal contacts. Rogers and Adams in 1950,25

using the
holding of the National Library of Medicine, studied the
quantitative ratio of periodical literature to books. Their
finding of 92% representing the periodical literature as
medium of biomedical science research communication summarizes
this fact.

A complete knowledge of the number of journals published
and indexed in a given year cannot easily be assessed. This
is because of the continuous exponential growth of biomedical
science literature generated from the ever increasing num-
ber of specializations. While many new journal titles are
being established, some old ones cease to exist. Gottschalk26
and Barrzj observed the "birth" and "mortality" characteris-
tics of scientific journals when in their respective reportal
noted that 33% of the titles in the third edition of World
List of Scientific Periodicals were dead and that 40% in the
fourth edition were dead. Due to the problems of having an
up~-to~-date information on the rnumber of journal and non-
journal serials titles that still exist and those that had
ceased to exist, it is difficult to give an exact number of

biomedical science research journals being published. How-

ever, a direct count of the number of journals and non-jour-
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nal serials published and listed under medical sciences in

Ulrich's International Periodical Directory 1980/8128 puts

the number at about 4,500; the Medical Literature Analysis

and Retrieval System (MEDLARS) cf the National Library of
29

Medicine stores the contents cof over 3,000 journals;

Excerpta Medica Lists of Biomedical Science Journals Abstrac-

ted in 1980°° put the number at about 3,800; and while the

Institute for Scientific Information's List of Biomedical

Science Source Journals in 1980 gave the number indexed in

the data base as about 2,000.3l

An estimated over 500 publicly available bibliographic
data bases contain more than 70 million citations spanning
almost every scientific £ield.32 out of these number of
citations, a conservative guess of about a third comes from
the field of biomedical science. Equally, an examination of

the Science Citation Index's Journal Citation Reports, 1980

reveals that there are over 500,000 source articles in 1980.
These source articles produce cver eight million citations
in the given year and over a third of these belongs to bio-
medical science field. 3
Since it would be difficult to handle such mammoth
amounts of data, Bradford's concept that a few research

34 was used

journals account for many articles or citations,
to define a manageable population for this study. Only a
small number of research journals within any given subfield
account for high number of citations. Thus, the journals

included in the present study were the most highly cited

journals within the subfield. By the act of citing the jour-
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nals, the scientists themselves consider them the most pro-
ductive research journals in the field. The least number

of citations per year in a given journal in a particular
subfield was found to be #500. The journals with these
high level of citations are traditionally referred to as the
"core-research journals.”

Using the JCR, 1980 edition, and its journal citation
ranking package,35 three hundred fifty were identified to
represent the core-research journals of the universe of
biomedical science journals. This number accounted for only
about 17.5% of the total number of biomedical science
research journals indexed in the JCR 1980 from about fifty
subfields. Illustrating the idea of core-research journals,
an analysis of the three hundred fifty highly cited research
journals revealed that they generated over 80% {(see Table

III) of the total number of citations.

Table III: The Ratio of Citaticons From 350 Core-Research
Journals to Citations From 2000 Biomedical
Science Research Journals Indexed in Journal
Citation Reports (1980)

Number of citations from Number of citations C x 100
350 highly cited journals from 2000 biomedical U
journals indexed in
JCR (1980)
C U

2,585,824 3,131,801 82.56
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Table IV illustrates the names of the biomedical science
subfields and as they are defin2d in the JCR and the number
of journals in each subfield selected for study.

The process of selecting the total of three hundred
fifty core-research journals from forty biomedical science
subfields were carried out by examining the journal titles
listed in the JCR, 1980 Source publications, and the Journal
Citation ranking package. This package of the JCR arranges
the journals and ranks them according to the number of
citations in a year. In this way, the JCR makes it easy to
identify the most highly cited research journal in any

given subfield,

Classificatign of Research Journals
Into Research Shells

The first purpose of this study is to develop a guide-
line used to determine whether biomedical science experts
can classify the biomedical science research journal into
defined research shells. The use of experts to identify
categories of research articles, rating of research papers
in biomedical science research literature, and identifying
differences between basic research and applied research is
not new in literature. Price has used the concept of
"hardness" and "softness" to show that there are differences
between basic science and techrology in terms of the struc-

36

ture of literature generated ard used by them. Henry

Small, in his unpublished paper, "Application of Biblio-
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Table IV: Biomedical Science 3Subfields as Defined by Journal

Citation Reports and the Number of Core-Research

Journals Selected for Classification in the

Present Study
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Allergy 6 5

Anatomy and Morphology 18 5|

Anesthesiology 10 5 i

Biochemistry and Molecular Biology 88 22 |

Biophysics 28 6 |

Cancer 33 10 |

Cardiovascular System 43 8 !

Cell Biology, Cytology and Histology 50 12 |

Dentistry 28 5> |
Dermatology and Venereal Diseases 14 6
Embryology 10 6
Endocrinology 35 10
Gastroenterology 17 6
enetics and Heredity - | 12
Geriatrics and Gerontology 9 4
Hematology 21 8
‘Hygilene and Public Healtn 39 10
Immunology 48 ) B
Microbiology a7 1l
Microscopy IL 5
Medicine - General and Internal 129 30
Neurology and Neurosurgery 79 13
Nephrology 5 2
Nutrition and Dietetics 22 5
Obstetrics and Gynecology 27 9
Ophthalmology L1 10
Orthopedics 11 9
Otorhinolaryngology 13 5
Parasitology i 5
Pathology 39 10
Pediatrics 30 9
Pharmacology 60 12
Pharmacy 46 6
Physiology 36 10
Psychiatry 40 9
Radiology and Nuclear Medicine 44 10
Respiratory System 17 o
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metric Methods to the Analysis and Tracing of Scientific
Discovery,"37 selected research articles in biomedical
science field and gave them to biomedical science experts

to classify them into basic biomedical research and clinical

38 asked

research. 1In the same vein, Comroe and Dripps
biomedical science experts to identify the top ten cardio-
vascular pulmonary research works between 1945-1975; and

Virgo39

used judges' ratings of biomedical science liter-
ature to examine the correlation between the high/low
rated post graduate programs and their citation rates.

To test the hypothesis that Biomedical Science can

be classified into defined research shells by biomedical

science experts using research journals, the employment

of biomedical science experts was required. In employing
the knowledge of experts for the purpose of classifica-

tion, a Guideline to Biomedical Scientists and Practiticners

was developed giving the definitions of research categories
of biomedical science research journals. The following
definitions were used:

Basic Biomedical Science Research Journal - a journal

that reports basic scientific research leading to the dis-
covery of medical phenomena.

Applied Biomedical Science Research Journal - a jour-

nal that reports mission-oriented research activities
emphasizing the applicability cf certain existing research
results to the understanding and sclution of biomedical

problems,
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Clinical Research Journal - a journal that reports

current research activities dealing with finding solutions
to medical problems by direct or indirect experimentation
on human subjects.

Clinical Practice Journal - a journal that reports

only observational medical facts as they concern existing
and ongoing medical practices without drawing any inferences
from them.

The three hundred fifty biomedical science research
journals were distributed into their various biomedical

science subfields using the JCR Source publications*?

which is arranged by Subject Categories. 1In this way the
research journals were arranged into forty pre-selected
biomedical science subfields. There are about fifty bio-
medical science subfields. Forty subfields were chosen

for this study because the School of Medicine of Indiana
University, in whose faculty, researchers, and medical
doctors were used to classify the research journals into the
research shell categories does not have defined departments
in the subfields not chosen. Moreover, the ten biomedical
subfields not included in the study are not likely to
affect the overall result of the study because the three
hundred fifty research journals representing the population
accounted for over 80% of the total number of biomedical
science journal citations in the given year.

Using the Faculty Directory of the School of Medicine

of Indiana University,41 a list of about three hundred bio-
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medical scientists from forty biomedical science subfields
were made. Three biomedical scientists were randomly
selected from each of the subfields {(departments). The
guideline with the list of the selected research jour-
nals in each biomedical science subfield were hand dis-
tributed to the three experts in the subfield. One hun-
dred twenty guidelines with the list of journals were
distributed.

Biomedical scientists in this study means, all those
members of any faculty of medicine and other related subject
fields such as biology, chemistry, or physics whose areas
of regearch could lead to advances in biomedical science;
regsearch fellows in the school of medicine and the medical
doctors who have direct relations with the School of Medicine.

In order to identify whether the guideline (see
Appendix B) and the questions were clear and comprehensive,
it was pre-tested with twenty-one biomedical scientists and
practitioners in and around the area of study. The twenty-
one experts were randomly selected from the list prepared
using the telephone directory42 of the ¢linical practitioners,
and departmental directories of the subfields in Indiana

43 The biomedical science sub-

University at Bloomington.
fields in which three experts were selected for the pre-test
included:

1. Anatomy

2. Biochemistry

3. Microbioclogy
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4. Physiology

5. Obstetrics and Gynecology

6. Anesthesiology

7. General and Internal Medicine
From the returns of the pre-test, the guideline was modified
to reflect the issue raised by some of the experts concern-
ing "overlaps" of research artizles published in journals.
A statement concerning overlaps was included in the final

guideline and questionnaire (see Appendix B}.

Validation of Research Level
Classification Scheme

As noted earlier, the problem of classification of
biomedical science literature into different research
levels was undertaken by Narin and his cc:l1(-'3::1(51.1&3"1:4 in which
they developed the research level classification scheme
using citation patterns of the research literature. One of
the general purposes of the present study is to attempt to
validate the idea of the existence of research level classifica-
tion which was developed by Narin and his colleagues using
citation interrelationships in the research journals. To do
this the table of the number of research journals classified
as belonging to basic biomedical science research shell which
correspond with those of basic biomedical research level were
compared. Also, those of applied bicmedical science research

shell were compared with those of clinical investigation

regearch level; theose of clinical research shell were
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compared with those of clinical mix; and those of clinical
practice shell were compared with those of clinical obser-
vation. The results of this comparison are discussed in

Chapter Five.

Criterion for the Inclusion of a Classified
Research Journal in the Study

The criterion for including a c¢lassified research jour-
nal in the final study was that two or more of the experts
in a subfield gave the given journal the same classification.
That is, in the case where a given journal had three dif-
ferent classifications by the tiaree experts, that journal
was excluded from the final study. Of the three hundred
fifty journals, thirty-six journals were excluded from the
final study (see Appendix D}.

After the elimination of journals for which the experts
did not agree, a list of the remaining three hundred fourteen
journals in the four research shells was prepared. From the
defined population, a stratified method of sampling45 was
used to randomly select one hunired fifty journals from the
four research shells. The stratified method enables one to
have correct proportion of randomly selected samples from -
the stratified population. In this kind of sampling, the
pepulation is divided into a number of nonoverlapping sub-
populations called strata, to which certain portions of the
total samples are located. Table V illustrates the number
of journals in each research shell and the number selected

using stratified method.
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Research Shells and Their Core Research Journals

!

Research Shells Sq So Sy {54 Total
Number of Journals in each
[Research Shell 105 84 73 82 314
Number of Journals
Randomly Selected 50 40 35 25 15¢

of Random Selection Prom

ach Research Shell 33.44 (26.75 {23.25 16.56 100%

Development of Citation Matrix Table

The importance of matrices in the fields of business

and economics has been recognized and extensively used for

a long time.46

literature was heralded by Kessler4?

Statistical Properties of Citations in the Literature of

in his study:

Some

Its introduction into the study of subject

Physics, in which he grouped together citations in twenty

physics journals and from this created a to/from matrix of

the percentage of cross-referencing between the journals.

From this, a number of citation analysis studies of litera-

ture of subject fields have been conducted over the years

using the input output citation matrix concept.

Using the same citation matrix concept, the one hundred

fifty randomly selected journals were arranged alphabetically

into the four defined research shells on a 6 x 6 foot square
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board along a column A and row B (Appendix C). The Journal

48

Citation Reports of 1980 was used. From the cited/citing

section of the report can be found, the cited journals with
all the citing journals arranged under it according to
ranking order of number of citations. With this type of
arrangement, each cited journal along the column was taken,
and the citing journals that belonged to any of the research
shell categories were identified along the row B and the
number of citations was recorded in the proper unit within
the given research shell category. This was repeated for
all the journals along the Column A. In this way the input/
output citation matrix was developed.

The citation matrix table describes the flow of research
information from one research shell into another. It is like
the input/output matrix analysis developed by Leontief?? in
an industrial sector of economy. The use of this concept
to analyze the flow of research information among the research
shells shall be given in detail in the next chapter. The
input-output citation analysis is considered the fundamental
entity which contains the flow of research information
describing the influence among units. It also contains the
interdependencies between the citing research units and the
cited research units. 1In the context of this study, the
reseafch units are the four defined research shells into
which the biomedical science research journals have been
classified. And operationally, the flow of research infor-

mation denotes the total numbe:r (Q) of references made by



81

research journals in one research shell into another research
shell. The general form of this citation matrix table can

be represented by:

) -
C11 C12 C13 C14
o - C21 C22 C23 C24
C31 C32 >33 C34
LC41 Cq2 *43 44|

Such an input-output citation matrix table arrangement
can give a vivid description of the nature of interactions
among the journals within and across research shells. A
member of a set which is referr=sd to by a unit represents
the number of unweighted citations issued by a given research
shell and received by another rssearch shell. Thus, a term
Cy14 in the citation matrix table indicates the number of
references research shell 1 gives to research shell 4.

To determine if there exists a significantly greater
quantity of research information flowing from the direction
of basic biomedical science research shell toward the direc-
tion of clinical pfactice shell than that flowing from the
direction of clinical practice shell toward the direction of
basic biomedical shell, the notion of "flow of research

information” shall be given a simple mathematical expression:

Let Q; (out) = total number of references made by a given

research shell (Si) to all research shells;
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total number of references made to a given

Qi (in) =
research shell (Si) by all research shells;
and |

Cij = the total number of unweighted citations from

shell (S;) to shell (85}
For example,

Qq (out) = E%& Ciy = €11 * C12 + Cy3 *+ Crg7

04 (out) describes the total number of citations from
basic biomedical science research shell to other bio-
medical science research shzlls
Qplin) = :é: Ci1 = €11 + Co1 + C3q *+ Cg1

i=1
Qy (in) describes the total number of citations from
other biomedical science research shells to the basic

biomedical science research shell.

These definitions were used as bases for constructing
input-output citation analysis table involving the four
research shells. The input-output citation analysis table

constructed, was in turn used to compute an input-output

citation coefficient matrix. The details and usefulnessg of

this coefficient matrix are further discussed in chapter five.
If the ratio of Qi(out)wto-Qitin)f5> 1 then: The flow

of research information from the shell S; is significantly

greater than that from the other research shells to shell

Sy. FPor example, if i = 1, and
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—g—]]_—%-?—::-)a '7) 1, then

the "effective direction" of flow of research information
is from basic biomedical science research shell, that is
research information originates from the basic research
end of the continuum toward the other research shells.

The input-output citation coefficient matrix will be
used to determine the degree of dependencies or interaction
of one research shell on the other. And the table will enable
one to examine the differences of self-citations among
the research shells. If there are any significant dif-
ferences, it would be possible to see how the number of

self-citations reflect the research shell orientation.

The Effect of Increase in Size of Research
Literature on the Flow of
Research InZormation

To examine the effect of increase in size of research
literature on the flow of citations across the four research
shells, one hundred five originally classified research
journals of the basic biomedical science research shell S,
were divided and arranged into four journal groups following
the general principle of Bradford's Law. This principle
states that:

If scientific journals are arranged in
order of decreasing productivity of
articles (journals) on a given subject,

they may be divided into nucleus of
periodicals more particularly devoted
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to the subject and several groups or

zones containing the same number of

articles as the nucleus, when the num-

bers of periodicals in the nucleus

and sgcgseding zones will be as in

linins,
The principle above has also been found to be applicable
to authors.

In this study, the one hundred five journals were
grouped such that the journals in each group had an approx-
imately equal number of total citations. The number of
source articles with their corresponding number of citations
in the given year were collated using the source item
package of the JCR of 1980.%1 The number of citations per
journal and article were computed.

Using the input-ocutput citation matrix table 6' x 6!
board, already developed, the number of citations per
journal in each of the four research shells from each group
was computed. The total number of research articles, and
citations for the one hundred five research journals was
computed. The corresponding number of citations per article
and per journal in each journal group were also computed.
These were put in tabular form to see whether:

(i) there were differences in terms of the number of
citations per article and journal in each group; and that

(ii) the number of citaticns per article and journal
in each group actually decreased as one moved from the most

productive journal group to the least productive journal

groups.



The results of comparing the number of citations per
journal in each group with that of the number of all the

journals are discussed in detail in Chapter Five,

85
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CHAPTEF. FIVE

ANALYSIS OF DATA AND DISCUSSIONS OF RESULTS

Following the c¢ollection and coordination of the data
based on the research shell structure, the analysis and discus-
sions of the results of the study are organized according to
the following aspects:

(i} "Research shell" classification scheme and how it
is compared with Narin's "research level" clas-
sification scheme;

(ii}] the patterns of flow of research information
within and across research shells; and : '

(iii} the effect of the increase of the size of research
~literature on the flow of research information

within and across research shells.

Research Shell Classification Scheme

One of the methodological difficulties encocuntered in
this study was to give appropriate operational definitions
to the four biomedical science research orientations. Such
definitions not only provided the basis for testing the
primary hypotheses and answering some principal questions,
but in addition provided a validaticn of existence of .
"regearch shell" classification in the universe of scientific

knowledge as perceived by the scientists themselves.



The question of whether there exists different bio-

medical science research orientations, which could be

classified into research shells using biomedical science

journals was examined by analyzing the questionnaires re-

turned.

The number of guidelines and questionnaires dis-
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tributed and the number returned are illustrated in Table VI.

Table VI:

Distribution and Return of Guidelines and

Questionnaires to and from Biomedical Scien-

tists and Practitioners.

Guidelines and
Questionnaires Non-Usable 3 3
z - Py z =z a a
: 5 : 5 = | 3 :
5 g 3 : : 5 g
1 (1 " H M Q Q
o )
o] o c = o
(1] n = - ) c
) o o a 7 5] )
+ c o ot o - U
r H = o Q c o
b a | o ()] H o —
o o w ® =] )
o (o N - ] (]
t L Q. (s ]
) i
[ ®
[
Number of
Experts 120 115 105 3 7 95% 87.5%
Number of]
Research
Journals | 350 350 314 14 22 100%| 89.4%

Out of one hundred twenty guidelines and questionnaires

distributed,

one hundred fifteen (95.8%) were returned.

One

hundred twelve were duly completed and three not classified

at all.

hundred five (87.5%) were usable.

Out of the returned completed guidelines, one

From the guidelines dis-
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tributed, there were three hundred fifty journals listed in_; :
all categories of biomedical science subfields. The one |
hundred five usable returnea guidelines provided a classi-
fication for three hundred fourteen research journals (89.4%),
Five of the guidelines were not returned and since these
represented a small percentage of the total and also did not
affect the overall number of research journals clagsified,
effort was not made to follow up their returns. Ten of the
returned guidelines were not usable. Three out of these
which accounted for fourteen jcurnals (4%) were returned with
either explanations that they were not familiar with the
listed journals and hence could not classify them or notes
declining participation in the classification exercise. A
closer examination of the fourteen journals not classified
showed that many of the journal titles on the list represented
foreign journals which probably were seldomly used by these
experts. The remaining seven quidelines which accounted for
twenty-two journals (6.3%) were discarded because of non-
agreement of classification by at least two of the three
experts in the given subfield.

The three hundred fourteen usable research journals come
from forty biomedical science subfields. The usable clas-
sified research journals were collated and listed into the
four defined research shells. Table VII illustrates the
breakdown of the number of journals which were clasgsified

into each of the research shells by the experts.
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Table VII: The Breakdown of the Number of Journals Classified
Into Each Research Shell Category by Experts

Tre Number of Expert Agreements
in the Classification of Jour-
nals in Each Research Category

Research Categories 3 2 1 0 |[Total
%k %k kk*k * % *

Basic Biomedical

Science Research 93 12 5 2 112
Applied Biomedical
Science Research €9 15 2 4 90
Clinical Research 56 17 5 6 B4
Clinical Practice
Research 43 9 10 2 64
Total 261 53

ot § 22 14 | 350

****The number of journals classified into one research
category by three biomedical science experts.

***The number of journals classified into one research
category by two biomedical science experts.

**The number of journals which were classified by three
biomedical science experts into three research categories.

*Number of journals not classified at all.

The names of journals frecuently listed and classified
(not less than ten times) by the experts as valuable to their
areas of specialization were found to be the same as those
already on the guidelines. Jocurnals frequently listed and
classified by the experts included:

Science (twenty times)

Nature (fifty-one times)

Proceeding of the National Academy of Sciences U.S.A.
(eighty-five times)




94

Journal of Lipids Research (twelve times)

The experts classified these research 50urnals as basic
biomedical science research journals.

In the pre-test stage of the development of the instru-
ment (guideline), one of the experts raised the issue of
overlaps in the defined categories. The expert observed
that in the basic biomedical research shell, "the research
journals actively reporting its research activities are
easily identifiable as basic research journals, but the
identification of those of other research shells is dif-
ficult as one moves away from the most basic science
research orientations."l He agreed in his additional
comment that, the universe of biomedical science liter-
ature can be classified into their research orientations.

Of the one hundred five experts who returned the usable
guidelines, fifteen persons (12.5%) commented on the prob-
lem of "overlapping" characteristics of research journals
in each of the research shells. Because of the overlapping
characteri;tics'of the type of research articles reported
in the research journals, "to compartmentalize a biomedical
science research journal iﬁto a water-tight shell is diffi-
cult although not impossihle."2 The experts recognized
that every biomedical science research journal has a cen-
tral objective directed toward a unique readership and
biomedical research orientation. There was no objection
raised against the defined research shell categories.

They all seemed to agree that the universe of biomedical
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science was roughly made up of conglomeration of basic
research, applied research, technological research, and
practice.

Another point raised was the unigue characteristics
of review journals of biomedical science. Review Jjournals
{to all who commented on this), belonged to a different
class of their cown. They stated that review journals per-
formed the function of synthesizing the state of knowlédge
in a given field or specialization or a unit of field.
Noting the unique characteristics of review journals,

Bernstein and others in their article, The Hepatitis
3

Knowlecdge Base,” stated:

At its best, a review article is a tran-
sient miniature of the end product desired
in an information traasfer system; it is a
high quality, analytic, organized, and com-
pacted current synthesis of information in
a given area. Drawing on personal know-
ledge and experience, the expert selects
and presents to the readers a highly
organized, concise and analytic summary.

To bolster credibility of his or her views,
the experts cite the highest quality and
mest relevant literature and because of
usual constraints on page, space severely
limits the numbers (and redundancy) of
citations.

This unigue characteristic of review journals in the
universe of biomedical science literature could be under-
stood more through the examination of stated aims of some

of the biomedical science review journals. 1In intro-

ducing the Advances in Clinical Chemistry,4 the editors

in their preface stated:
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The central purpose of the publication
is to provide the clinical chemists
with reviews of "state-of-the-art"
methodology, newer areas of medicine
and physiology that affect clinical
chemists and those areas related to
the latest informaticn relating
chemistry to disease.

Forced by the deluge of research in immunochemistry and
immunology, the experts in the field initiated an open-end

treatise dealing with methodolagy. Thus, the aim of

Methods in Immunology and Immunochemistry5 is to cpen

"colleagues'" notebooks and bring together, relevant and
detailed procedures that are difficult to retrieve from the
huge mass of biomedical science literature. As far back

as 1932, the year of the first volume of Annual Review of

Biochemistry,6 the editor lamented:

Most of us find ourselves buried amidst
piles of unread papers. To keep abreast
of the literature in biochemistry has
become a herculean task. It is the
exceptional individual who succeeds in
reading an appreciable proportion of

the papers outside the confines of

his own restricted field of research. . . .

Stating the reason for starting the publication of the

Annual Review in Biochemistry, he said,

. « « for it is in the belief that
critical surveys of the literature
will minimize the tasks of constantly
referring to original works that thﬁ
ARB will present from year to year.

From the analysis of the purpose and objectives of

the origins of the review journals, the unique characteris-
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tics become clear. The importance attached to review jour-
nals in the dissemination of research information by the
experts lends support to the views expressed by some of
them that review journals should be in a class of their
own.,

The acceptance of the defined research shells as a
basis for the classification of research journals by the
biomedical science experts gave an indication that the
experts did understand the nature of the structure and
classes of literature generated by them in a given research

shell.

Comparison of "Research Level" and Research
Shell Classification Schemes

Important to our understanding of the structure of
biomedical science is the classification of its literature
into different research orientations. The first attempt in
this direction was made in the study of Narin and othersS
in which they used citation patterns of biomedical science
journals to develop a "research level" classification
scheme.

The extent toc which the "research shell" classifica-
tion scheme developed in the present study agrees with
Narin's "research level" classification scheme is central
and important to future development of valid and universally

accepted classification system relevant to the understanding

of the structure and the dynamics of scientific knowledge.



From Appendix D, the degree of agreement between the

"Research Level" and the "Research Shell"

Schemes was prepared and is depicted in Table VIII.

Classification

The
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two classification schemes were arranged in form of a matrix

depicting the number of each journal classified by Narin

along the vertical columns and that of experts along the

horizontal row.

Table VIII: "“Research Levels"

and

"Research Shells"

Classification Comp>arative Table with the

Percentage of Agreement

Number of Journals Classified Into
Research Levels by Narin

Total

Ly L3 Lo Ly

S1 102 2 1 - 105
LY
lﬂ: !
=) S5 6 | 69 9 = 84
-~ i
oW -
A% w S3 - 1 = 51 19 73
@ 5P |
o mMN
5% 8
00 X Sy - 6 8 38 52
L I Al <3
IHB >
oRR Total 108 80 69 57 314
EH
0
£.2 | percentage of l
Z W Agreement 94.4% | 86.3% | 73.9% | 66.7%

With Narin I |

Out of three hundred fifty journals originally selected

for classification by experts; three hundred fourteen were

classified into their defined research shell categories.

These were compared with the same journals on the "research
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levels" classification list developed by Narin in 1975.
These three hundred and fourteen journals classified by
the experts happened to have been classified by Narin also.
Thus, the number of the research journals classified as
basic kiomedical science research by Narin, and which cor-
responded to that of basic biomedical science research
shell 1 were compared and checkad in the table as shown in
appendix D. The same procedure was repeated for each of
the other research levels and research shellsgs,
In Narin's "research levels" classification scheme,
there were:
108 research journals classified as Ljy;
80 research journals classified as Lj3;
69 research journals classified as Ly; and

57 research journals classified as Lj.
In the "research shell" classification there were;

A 105 research journals classified as Shell 1;
84 regearch Jjournals classified as Shell 2;
73 research journals classified as Shell 2;

52 research journals classified as Shell 4.

To determine the degree of agreement in Table VIII, the
number of journals along the diagonal represented the degree
of the number of agreement. Thus, one hundred two research
journals classified as shell 1 (%24.4%) corresponded with

that of research level 4; there were sixty-nine for that of
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shell 2 (86.3%); fifty-one for that of shell 3 (73.9%); and
thirty-eight for that of shell 4 (66.67%).

This demonstrated the fact that more than 94% of the
journals classified as basic biomedical science journals
by the experts were classified as basic biomedical research
journals by Narin; more than 86% of the clinical investiga-
tion journals of Narin were classified as applied biomedical
science journals; more than 73% of the clinical mix journals
of Narin were classified as clinical research journals; and
more than 66% of the clinical practice journals of the
present study were classified as clinical observation jour-
nals by Narin. These findings seem to reveal that there
was a significant agreement (ranging from about 66% to about
94%) between the two classification schemes.

Why the percentage value of agreement is higher in the
most basic research oriented shell than in any of the research
shells; and that this percentage value of agreement decreases
as one moves away from the basic research oriented end of
the continuum toward the practice oriented research end,
seem to underscore the cohesive nature of the basic biomed-
ical science. It could also be conjectured that the experts,
in the basic biomedical science research shell know their
journals more than those of other research shells and so by
implication are able to classify their journals more accurately.

Whether this percentage agreement between the two
classification schemes is statistically significant is

shown by finding the correlation coefficient of the two
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variables and testing its statistical level of significance.
If the two classification schemes have high intensity of
association or have high positive correlation, then the value
of Pearson-product-moment (r) cf the two variables will be
high. Correlation is a measure of the degree to which
variables vary together or a measure of the intensity of
association.?

The sample correlation coefficient is mathematically

defined by:

r=N (BXY) - (EX)(ZY) « -+ 5.0
TN EXZ = (XN 2JUNLY2 = (¥

where r is the Pearson-product moment coefficient of cor-

relation or simply correlation coefficient. N is the num-
ber of journals classified; X is the number of ratings of
individual journal in all research level categories and Y
is the number of ratings of individual journal in all research
shell categories.

For the sake of computing the correlation coefficient
(r) relating the two classification schemes, each journal
in each research level or shell category was given the rating
as shown in Appendix D.

For example,

]
=

Narin's research level 4 Expert's research shell 1

]
w

Narin's research level 3 Expert's research shell 2

Narin's research level 2 = Expert's research shell 3 = 2

]
-

Narin's research level 1 Expert's research shell 4



mable IX was constructed to reflect the ratings of each

journal in each research shell.

Table IX: nresearch Levels" and "research chells Com-
paratIve Table with Thelir Ratings

102

Number Narin's Expert's
of Journals Rating Rating
Rated 2
(n) X Y (x2) | (¥°) n (XY)
102 4 4 1632 | 1632 1632
2 3 4 18 32 24
1 2 4 4 16 8
6 4 3 96 54 72
69 3 3 621 621 621
9 2 3 36 81 54
‘1
3 . 2 27 12 18 ‘
—
51 2 2 204 204 204
19 : | 2 19 76 38
6 3 1 54 6 18
8 2 1 32 8 16 !
38 5 4 I 38 38 | 38 ]

N = 314;% X = 867; ZY = 870; <3 x2 = 2781; v y2 = 2780;
I XYy = 2737
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From Table IX, the total number of journals in each classifica-

tion scheme = 314, Substituting the above values in equation

(5.0)

r = 314(2737) - (867) (870)

4 = \ - 0
r = 859418 - 754290
{ - 9 v ... -
r = 105128
348.633 x .

0.8852, a very high positive correlation.

Testing the hypothesis that the correlation between the
Narin*s and expert's classification of research journals is
statistically significant at probability P = 0.01 levels

of significance,

Hl: r 2 ro, where = 0,01 is the level of significance

HU: F o ¥

Since the calculated value of (r = 0.8852, P = 0.01) is
greater than the critical table value (r = .174, P = 0.01)
for N 2300 then the correlation between the two classifica-
tion schemes is statistically significant, and highly so.
The existence of a strong agreement between the two
classification schemes seemed to suggest that the combina~-
tion of and further modification of the two methods could
lead to the development of a classification system different
from the traditional systems which may be more relevant for
the organization of scientific knowledge in general and bio-

medical science in particular. Since a substanstial
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communication of research informeztion within the universe

of biomedical science is done through research journals,

the development of a classification system based on the type

of research published therein rather than the subject field

may be more relevant to the organization of its literature.
The agreement between the two classification schemes

also validates the use of citation methods to establish a

useful classification scheme. However, more work is needed

to be done to establish a universally accepted scheme based

on citation analysis of referencing patterns in a given

piece of research literature.

Interactions Between Each of the
Biomedical Scilence
Research Shells

During the process of the collection of data for this
study, it was revealed that the number of citations flowing
from one research shell to another depended on the relative
distance between the research orientations. Thus the further
apart two research shells were in their research orienta-
tions, the fewer the number of citations flowing between
them. This observation led to the need to examine the degree
of interactions between the res2arch shells in terms of the
number of citations made by one research shell from the others,

The input-output citation matrix displayed in Table X
contains the information concerning the total flow of the
number of citations from one research shell to the others.

The rows of the input-output citation matrix table rep-
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resent the number of citations and its corresponding per-~
centages from one research shell to another and the columns
represent the number of citations to one research shell
from another. For example, C,; = 58822 is the number of

citations from shell 1 into shell 2.

Table X: Input-Output Citation Matrix Table - Number of
Citations in Cell and its Percentage of Total
in Research Shell

Citations
To Biomedical Science Research Shells
Citations Shell 1 Shell 2 Shell 3 Shell 4
From N =50 N = 40 N = 35 N = 25
Shell 1 C 386904 58822 5613 321
B 85.66% 13,02% 1,24% 0.07%
Shell 2 ~C 44703 110741 19662 4198
% 24,93% 61.76% 10.97% 2.3%
Shell 3 [ 4545 16147 79883 23421
% 3.67% 13.02% 64.,42% 18.89%
Shell 4 5l 305 2630 18734 35264
% 0.54% 4.62% "32.90% 61l,95%

The number of citations flowing from shel} 1l to other
shells along the horizontal rows decreased from 386904 (85.66%)
in shell 1 to only 321 (0.07%) in shell 4., This degree of
interaction between the research shell 1 and shell 4 seemed to
be incredibly small., The same diminishing characteristics of
citations from one shell to others were observed in shells
2, 3, 4.

The diminishing number of citations from one shell to
others within the universe of biomedical science is graphically

illustrated in Figure 1. The number of citations from shell
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1 to itself and to other remaining shells is designated
" by (08806); that from shell 2 by (———.); that from shell |
3 by {(++++); and that from shell 4 by (xxx).

These results show that there is wvery little interac-
tion in terms of the flow of information in the form of
citations from one given research shell_to adjacent research
shells. That there is seemingly little or no interaction
between the basic biomedical sciance research and clinical
practice research suggests that citation analysis alone may
not completely describe the complex interaction between the
various facets of the universe of scientific and technological
reseafch enterprise. It also seems to suggest the existence
of a type of independence between the two ends of research |
orientations within the universe of biomedijcal science.

It was hypothesized that a combination of citation analysis
and other interactive study methods might be needed to study
the complex question of interactions as they exist between
different research orientations, and the apparent virtual
independence observed to exist between the basic research

shell and the other research shell of the universe of bio-~

|
4 | .
medical science. :

Considering the total number of citations illuéfrated
in Table XI the number of citations flowing from research
shell 1 to all other shells was 451660. This represented
about 2.52 times that of research shell 2 (179304); about
3.64 times that of research shell 3 (12399%6); and ab?ut

7.93 times that of research shell 4 (5694). In general
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Figure 1: The Flow of the Number of Citations From One
Shell to Other Shells Versus the Research
Orientation.
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therefore, the number of citations in basic biomedical
science research shell was cons.stently greater than that of
all the other number of citations in other shells. 1In the
same way, the number of citations per journal and its per-
centage in each of the shells demonstrated the same dif-
ferences between the research orientations.

Table XI: Percentage of Total Citations and Citations
Per Journal in Each Research Shell

Number of Total Number|Number of Citations Percentage
Journals in{of Citations to Per Journal in of Total
Each Shell Each Shell Fach Shell %
Shell 1 451660 9033 46.71
N = 50

Shell 2 179304 4483 23.18
N = 40

Shell 3 123996 3543 18,32
N = 35

Shell 4 56943 2278 11.78
N - 25

Total 811903 100.0

These results seem to suggest that shell 1 (basic bio-
medical science) contains more highly cited research jour-
nals than any of the other biomedical science research
shells. That is, by implicaticn, this research shell gen-
erates greater number of citable research information which

are valuable for research activities within the universe of
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biomedical science. The decreasing characteristics observed
as the research orientation moves from the most basic research
oriented end of the continuum tc the most practice research
oriented end, supports the noticn of existence of differences
in research activities in the different research shells.

Looking at the patterns of the total number of cita-
tions per journal in each research shell, the intensity of
the number of citations per journal decreased from 9033 in
shell 1 to 4483 in shell 2; to =543 in shell 3; and to 2278
in shell 4. These suggest that research activities as demon-
strated in the number of citations per journal decrease as
one moves from the most basic research oriented end of the
continuum to the most practice research oriented end. It
can therefore be conjectured at this stage that the research
workers within the basic biomed:cal science research shell
undertake more research works and hence generate and utilize
more research information than in any of the other research
shells. It can also be suggested that, since more utilizable
research information is generated in this research shell, it
contributes more directly or indirectly to the general
development of research in biomedical science and by implica-
tion to the practice of medicine as a whole.

Further, Table XII illustrates the diminishing degree
of interactions in terms of numoer of citations per journal
made in a given research shell. The number of citations per
journal decreased from 7738 (82.48%) in shell 1 to only 13

(0.14%) in shell 4., The number of citations per journal in
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the three other shells 2, 3, 4 demonstrates the same diminish-
ing pattern according to the "relative distance" between
two research orientations.

The results of this study demonstrate the existence of
different research shells within the universe of biomedical
science. It revealed that along the continuum of the uni-
verse of biomedical science, basic biomedical science research
shell has the greatest number oI citations flowing from it
to all others (451660); and while others taking in order of
their relative positions in the continuum were 179304, 123996,
and 56943 respectively. The number of citations per journal
and their corresponding percentages of citations also sup-
ported the notion of research shell orientations of biomedical
science.

The results also indicate that the nearer a research
orientation is to another, the greater the interaction in
terms of the number of mutual citations. This could be
attributed to the fact that two adjacent research shells
are likely to be nearer in both their professional and
research activities and by implication in their social relation-
ship. If this is the case in general, then it could be
explained that the nearer the research shells are in orien-
tation, the easier it is for them to be able to assimilate
the research literature generated in each research shell.

Considering the number of citations in both the rows
and the columns of the input-out citation matrix table, there

were observable numbers of citations from and into other
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Table X11: Degree of Interactions Between One Research Shell
and Others in Terms of the Number of Citations
Made Per Journal From Bach of the Research Shells.

!Citations Per Journal
e T D = %
S, > 81 7738 82.48
S; > S, 1471 | 15.68
§; = S, 160 | 1.70
Sy > S, 13 ‘ 0.14
Total 9382 { 100.00
Sy > Sy 894 | 20.35
S2 = S» 2769 | 63.03
S, - S, 562 . 12.80
S, > S, | 163 . 3.82
Total 4393 100.00
Sy - 97 91 2.45
S3 » S, 404 10.88
By w8 | 2282 61.44
Sq = Sy | 937 21.23
Total | 3714 100.00
| 54 > 53 j 6 .30
I Sq4 = S» 66 3,27
? Sq4 > S3 535 , 26.51 |
| Sy > S, 1411 69.92 f
Total | 2018 100.00 ;

C = The number of citations flowing from one shell to the
others divided by the number of research Journals in
the given cell of the shell.

D = The corresponding percentage of the total of citations
per journal within the shell.
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research shells. Although such observable number of cita-
tions decreased remarkably as one research shell moved

away from another in their research orientations, there
existed a bi-directional exchange of citations between the
research shells. This bi-directional exchange of citations
led to the need of determining whether there existed an
"effective direction" of the flow of citations within the
universe of biomedical science. To do this, an input-output
analysis methodl0 developed by Leontief in 1936 to examine
the dynamics and interdependencies of the various sectors of
the economy was adapted and used to analyze the input-output
citation matrix of the study.

One of the most fundamental problems in understanding
the generation and utilization of research information is
that of determining the relationship between the generating
and utilizing characteristics of research information in the
universe of scientific literature. Such understanding is
important to research information management and retrieval
practices. 1In adapting the input-output analysis economic
model of Leontief, it is hypothesized that such model can be
applied to study the citing and cited characterisiics of
research information and thus determine the pattern of
interdependencies between the various research orientations
and the flow of research information among them.

It is a common practice among most research workers,
that the process of starting any research project and which

leads to generation of further research literature always
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involves the use of existing research literature. Thus, the
use of the concept of Leontief input-output analysis model is
pertinent to the issue.

The necessary elements involved in the process of Leontief's
input-output analysis model are: (1) specified national
economy; (2) the producing and consuming sectors of the
economy; and (3) the interdependencies of the producing and
consuming sectors and the flow of goods produced in the sys-
tem. This input output method is an adaptation of the theory
of general equilibrium to the empirical study of the quanti-
tative interdependehce between interrelated economic acti-
vities, It was originally developed by Leontief to analyze
and to measure the connections between the various producing
and consuming sectors within a national economy, but has
also been applied, on the one hand, in the study of smaller
economic systems such as a metropolitan area or even of a
large integrated individual enterprise and, on the other
hand, to the analysis of international economic relationships.

In all instances, the methods of approach are basically
the same: the interdependence between the individual sec-
tors of the given system is described by a set of linear
equations; its specific structural characteristics are thus
reflected in the numerical magnitude of the coefficients of
the equations. These coefficients are determined empirically;
in the analysis of the structural characteristics of an
entire national economy they are derived from a statistical

input~output table. The entire process therefore involves
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the number of goods produced by a given number of processes
which use these goods as input in the system. For sim-
plicity an assumption is made that each process produces
just one of the goods and that each good is the result of
some processes. The term "good" is used in a wide sense to
include almost anything of use or interest to man.

It is to be noted that the model described above is an
idealization of the real situation in which the complex
processes are reduced to its essential properties.

In general, this input-output can be characterized as
one in which (n) goods produced by (n) processes use these
goods as input. How this can be applied to study the rela-
tionship of the generation and utilization of research
literature in the universe of scientific knowledge, demands
giving approximate appropriate interpretations to the
economic elements in terms of the elements in research
literature.

New research literature cannot always be generated
without going through the process of using the existing
research literature (goods) as input. In doing this, the
generator of the new research literature always makes ref-
erences to the existing research literature. 1In the same
way, the existing research literature provides sources of
references to the new research projects. This process
results in an input-output characteristic.

Table XIII interprets the economic terms into approxi-

mate equivalent research literature terms.
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Table XIII: Elements of the Dxnamics and Interdependencies

of Producing and Consuming “Sectors of EconomicC

Svystem Interpreted .n Terms oOf Citation FlLows
Among Research Shel.s

SESERPEEET

Elements of
Input-output
Process

Elements Interpreted in Terms Of

Interdependencies of
Producing and Con-
suming Sectors of an
Economy

Relationship Between
Generation and
Utilization of
Research Literature

Existence of an
Economic System

National Economy

Universe of Research
Literature

Producing Sector

Goods produced by
given number of pro-
cesses and which are
also used as input

Ideas, facts, find-
ings, theories and
methods generated by
the process of making
references to the
existing literature.
These are also sour-
ces of reference for
future research pro-
jects (input).

Consuming sector

Products and services
provided as a result
of goods produced.

Sources of references
provided for ongoing
research project as

a result of research
literature generated

Interdependencies of
producing and con-
suming sectors of an
economy

(a) Amount of pro-
ducts (goods) pro-
duced by industry

Number of ideas,
facts, methods, and
theories made avail-
able by a given re-
search shell

(b) Amount of pro-
ducts demanded by
industry

Number of ideas,
facts, theories and
methods needed by a
given research shell.
One of the observable
by-products of a
research shell is the
amount of research
literature generated
by it. 1Its research
demands are reflected
in the number of ci-
tations made to/from
the given research
shell.
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(c) Amount of pro-
ducts (goods) deman-
ded after product re-
guirement (for ex-
ports, industries

not considered in

the model, etc.).

References used by
other information
elements in addition
to the one used by
the given research
shell. That is, the
information elements
such as (journals,
author articles, etc.)
referred to by the
other research shells.

Although input-output analvsis model as developed to

study the interdependencies and flow of goods in an economic

system can be considered as a special case of a general pro-

cess applicable to input-output characteristics of research

literature in form of references made from one research

shell to another, there is an important difference to be

noted.

Input-output characteristics of an economic system

is an information that measures the relationship between the

preduction and consumption of goods in the system.

a viable need for given goods,

Thus,

there is production of goods based on the demand.

Without

such goods are not produced.

The

nature of the needs for research literature to carry out

research projects cannot easily be interpreted in the same

way as in economic setting.

This difference,

however, does

not pertain to the general structure of the process but only

to external factors.

In one case,

the central desire is to

boost the growth of the economy, while in the other, the

growth of research literature arising from the use of past
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research information resources cannot easily be measured and
interpreted to be the growth of research shell, though it is
implicitly implied.

In developing and using the method to examine the inter-~
flow and interdependencies of producing and consuming sec-
tors of an economic system, the following general mathe-
matical argument is formulated:

Let Xj denote the amount of product i produced by indus~-

try i; S denotes the amount of product i that is demanded

ij
by industry j; and d; denotes the amount of product (i) that
is demanded after production needs are met (for export,
industries not considered in the model etc.). These guan-
tities are related according to the system of equations

given by (5.1).

Xy = 81y ® 833 & === 8y * 4
X2 = 521 + 522 + —-——— Szn ok dz
x ' ' ' '
. , . , : (5.1)
v L] » [ L
Xn = Sp1 + Sp2 + ==== Spp + 4,
Thus, if X is denoted by (X;),, that is
X1
X = (8§)px1 =|X2| usually called column matrix or column
: vector,
L]
Xn
- . - 7
n Syq S1p ==== S
11 =12 1n
§ = 2 sij - S91 522 --=- S3p is called n
g nxn
j=1 \ ' ‘ columns by
r ' ' n rows matrix
Sn1 Sn2 ===~ Spp or nxn square
2 J matrix;
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i column vector;

Then the system of equation in (5.1) can be represented in

their matrix form:

X11] S31 813 === 8py) dy

%21 S21 S22 ==--- 5n2 dy

L] = [} + ' (5.1&)
xnl [?nl Sn2 Snn dn‘

X = S + D (5.2)

The fundamental assumption associated with this model

is that the amount of product i demanded by industry j is

directly proportional to the amount of product j produced,ll

that is Sij = ajjX4 where ajj is the constant of production

in the economic term and is called the technical coefficient
of production. In other words, it is the amount of input ajy
units of the jth product (j=1, 2, ---- n) needed to produce a
unit of output of the ith product assuming ith process

(i=1, 2, ---- n) operates at a unit intensity. The equation

can be written as: X = AX + D (5.3), where X is defined as

the intensity vector of the economy, that is, the total

amount of products j needed as input and it is given as

2, ====n)
2, ====n)
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and so the total input of the economy can be expressed by
the vector AX. D called the demand vector is defined as the
total amount of products demanded after production needs are
met. That is, the amount of products i demanded for exports
and by industries not considered in the model.

Other assumptions which followed from the principal
one include:

d; 7 0, aijZ« 0
and these indicate that surplus will always be depleted and
that each industry produces one product. From this assump-

tion, it follows that an intensity vector X 2 0 can be deter-

mined such that |[(I - A)X =D 5.4,

The acceptance of the fundamental assumption that the

amount of product i demanded by industry j is directly propor-

tional to the amount of product j produced can be applied to

citing/cited characteristics of research shells (that is

the number of references i used by research shell j is
directly proportional to the number of references j produced)
implies that each research shell is a sector generating
unique research information which is needed by other research
shelis.

The mathematical arguments of the input-output analysis
economic model can thus be translated into input-output
analysis of citation in research shells. The universe of
biomedical science literature is classified into four research
shells (designated as cited research shells §; (i = 1, 2, ---- 4)

and citing research shells Sy (j = 1, 2, =---- 4). The
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intensity vector (Q) like the economic intensity vector X
is defined as the total number of references needed as

input and can be expressed as:

and so the total number of citations can be expressed by the
vector (CQ). Cjy becomes the constant of proportionality
of references made and thus it is called citation coefficient
of generation of research literature.

D called the demand vector is defined as the total
amount of references used by other information elements
(such as: journals, authors, research orientations of other
fields) in addition to the one used by the given research
shells.

Rewriting equation (5.la) into the present general form:

substituting Xj by Qj; X by Q; and 8j4 by Fij
n

- R (.‘IZ]% 9id nxl = ('Z.i‘ Fijdnxn * (@i)nx1
1= 1=

where Fj4y = Cijqi and nxl = vector matrix; nxn = square

matrix (n = 1, 2 -=== 4)
(ql E’Cllql + Cyoq1 + C1391 + Cldql + dy
| |
5 | 92 | C12a2 * C22d2 + Cp3q2 + Cpq92 + dz! % &
G C13g3 + C2393 + C33q3 + C34q93 + 63‘

|
‘q4 1C1494 + C2494 + C349¢ + C4qqq + d4J
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Thus

QO =CQ + D (5.5)

(I-C)Q = D (5.6) i

0 0 is the citation intensity vector

While the validity of the application of this method
and its subsequent interpretation of the economic terms
into research information terms has not been established, the
fact that there always exists the giving and receiving of
citations to research information among the various sectors
of research communities, makes such interpretation plausible,
Its value for the study of the pattern of flow of citations
aﬁong the research shells derives from the analogy between
the producing sectors of the economy and cited sectors of
research shells, and between the consuming sectors of the
economy and the citing sectors of reseérch shells, |

Using the 6' by 6' citation matrix analysis board, the
input-output citation was constructed. The pattern of the
number of citations generated and utilized by each of the
biomedical science research shells is illustrated by Table
XIV. The tables display outputs of citation from each
regsearch shell in corresponding horizontallrow, inputs to
each research shell in verfical column., The entries in column
five which is designated by D is the difference between the num-
ber of citations generated within a given research shell and
those utilized by the research shells. The entries in column
sik called Q@ is the total output cf citations in a given

regearch shell.
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Table XIV: Input-Output Citation Analysis Table

7 "
! g
| Number of Citations in Citing Shell o
| <0 u 0n
| 3354| §
S nm I o [1)] -
ot L O x| &
522 | sl
ow [ — o ™ - og'ﬁ 8
b oA i o P
U+ o ! — ~ — - oDw|| A3
Qa0 i — ~ ~ Q| @ o
e b 2 ! 8 g égg e
Z00 %) 0 ! %) 0 Zok| 88
| (0-C)/D| (Q)
}
Shell 1 386904 58822 ' 5613 321 501349953009
! |
Shell 2 44703 110741 ] 19662 4198 271460(450764
|
|
Shell 3 4545 16147 79883 23421 252414|386410
Shell 4 305 2630 | 18734 ! 35274 | 117066|174009

Basic Biomedical Science Research

Notation: Shell 1

. Shell 2 = Applied Biomedical Science Research
Shell 3 = Clinical Research
Shell 4 = Clinical Practice Research
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The input-output coefficient matrix was constructed from

the assumption that L _ - ﬁ

Fij = C1j9
Thus, the number of citations of the cited research shell

(S;) absorbed by citing research shell {Sj) per unit of its

total ocutput is mathematically expressed by

F.. ’
L= : : : ; :
a;” = Ci5 0 sy - SRR _ |
4 4 :
C =F where C = E. {Cij]lixf!l; F = Z(CijQi) Axd and
e 3=l =1 :
Q = {gj)441- The above expression can be written
C:(ic..g.): . 5.7 |
i=1 : ) ' i

From equation (5.7} and information in Table XIV, Table XV

i
was constructed: ; o

Table XV: Input-output Coefficient Citation Matrix -

'b.4060 0.1305 2.0145 0.001€
0.0469 0.2457 0.0509 0.0241
. 0.0048 0.0358 0.2067 0.1346
3.0003 0.0058 0.0485 ' 0.%02.

ry

From equation (5.6)

Q(I~C) = D.where I is mathematically defined and known

as an identity matrix and in this case a fourth order identity
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matrix. This has remained the equation of the input-output
analysis. The above eguation implies that given the input-
cutput coefficient citation matrix (C} of the universe of
hiomedical science which is made up of four research shells
and with the number of citations generated by a given re-
search shell it is possible: |
(i) to show the "effective direction" of the flow
of the number of citations in the universe of
biomedical science and thus be abkle to examine
the hypothesis that the output number of cita-
tions is greater than the input number of citations;
{ii} to examine the degree of dependence of one research
shell on others;

{iii) to show that the more research oriented a given
research shell is, the higher the values of the '
ratios of citations from-to-citations to; and

{iv) to determine the change in the number of citations’
flowing into each research shell as the number |
of citations generated by a given research shell
is altered. '

(I) being the Identity matrix, and (C) the input-output

coefficient citation matrix, let M = (I-C), then

"] -

N : ' "
1 0 ¢ 0 0.4060 (0.1305 0.0145 0.0018
9 1 0 o0f__|0.0462 0.2457 0.0509 0.0241
M= (I-2C) =
o0 ¢ 1 0 0.0048 0.0358 0.2067 0.1348
; P o 0 1 L0.000B 0.0058 0.0485 0.2027

o : L .
k3 4. X : - . X
-0 . ey .



~0.5940
-0.0469

-0.0048

-0.0003

-0.1305
0.7543
-0.0358

-0.0058

~0.0145
~0.0509
0.7933

~0.0485

b
-0.0241

-0.1346

0.7973
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(5.8)

Considering the given input-output analysis model, D% 0
has been specified, it is possible to solve the matrix
for Q.

equation (5.6) For emphasis, Q is the citation

intensity vector. If (I-C) exists, then Q = (I—C}'ID.

This gives the intensity Q at which the cited/citing system
must operate to produce references needed by other informa-
tion elements which were not included in the research shell.

In other words, Q is defined as the total number of references

needed as input to give rise to a number of citations.

Therefore from (5.8)

0 = (M~1p
1.7075 0.2980 0.0517 0.0216T
» 0.1073 1.349 0.0920  0.0565
M- —
0.0156 0.0650 1.2783 0.2178
0.0024 0.0133 0.0784 1.2679

*The above inverse matrix M~1 was computed using
SMISSIS (Symbeclic Matrix Interpretive System and Statis-
tical Interpretive Sgstem) a computer program developed in
Ccalifornia in 1974.1 See the computer printout of the
Inverse Matrix M Table XVI.
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Computer Print-Out of Inverse Matrix M

Table XVI:
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Table XVII. Citation Intensity Table

+ {1.7075 0.2980 ©.0517  0.0216 501349
0.1073 1.3491  0.0920  0.0565 271460

® = lo.o156  o0.0650 1.2783  0.2178 262414
0.0024  0.0139  0.0784  1.2679) 117066

Q being the citation intensity,derived by multiplying each
element in a row by each element in a column vector, rep-
resented the total number of citations flowing from one
research shell to the other. And the answers derived by
multiplying each element in a column by each element in
column vector, represented the total number of citations
flowing into each research shell from.évery"ofhé£.';;
From the above, the flow of research information in ,
terms of the total number of citations from one research shell
to the othersg wWas  computed accordingly. The outflow and
inflow of citations were determined without considering the

diagonal elements of the inverse matrix since the values

obtained from these represents the self-citations.

1. The number of citations from research shell 1 to research
shells 2, 3, 4 (outflow of citations),

(_)]_(0111:)2’3'4 = 501349 (0.2980 + 0.0517 + 0.0216)

149402.00 + 25919.74 + 10829.14

186150.88

. The number of citations to research shell 1 from research

shells 2, 3, 4 (inflow of citations)



Q1 (in) 5, 3,4

Q4 (out)
Qltlni
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271460 (0.1073 + 262414 (0.0156) +
1.7066 (0.0024)

29127.66 + 4093.66 + 280.96

33502.28

186150.88

= 5.56

The outflow of citations from shell 1 (basic biomedical science)

to all outer research shells was about 5.56 times greater than

the inflow of citations from all outer research shells to

inner research shell 1.

2. The number of citations from research shell 2 to research

shells 3, 4 (outflow)

Qp(out) 5 4 =

Qy(in), , =

Q, (out)

szlni -

271460 (0.0920 + 0.0565)
24974.32 + 15337.49
40311.81

262414 (0.0650 + 117066 (0.0139)
17056.91 + 1627.22

18684.,13
40311.81
18684.13

2.16

The outflow of citations from shell 2 (applied biomedical

science) to shells 3, 4 was about 2.16 times greater than

the inflow of citations from shells 3, 4 to shell 2.
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3. The number of citations from research shell 3 to research

shell 4 (outflow).

Q3 (out) 4 = 262414 (0.2178)
= 57153.77
Q3(in), = 117066 (0.0784)

= 9177.97
Q3(out) _ 57153.77
03 (in) 9177.97
= 6.23

The outflow of citations from shell 3 (clinical research)

to shell 4 was about 6.23 times greater than the inflow of
citations from shell 4 to shell 3. 1In the above three cases,
there were number of citations flowing from the applied
biomedical science, clinical research and clinical practice
research shells (33502.28) into the basic biomedical science
research shell; and from the basic biomedical science research
shell to these other outer research shells (186150.88). The
same results were found when each of the other research

shells were examined with respect to cother outer research
shells. This pattern of flow of citations within the universe
of biomedical science demonstrates the bi-directional flow
characteristics of research information. The findings that
the flow of the number of citations from the inner research
shells (taking them in turn) to the outer research shells

was always greater than those flowing from outer research
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shells to inner research shells seemed to support the hypo-

thesis that the quantity of research information in the form

of the number of references made from the basic biomedical

science research shell by any of the outer biomedical science

research shells is significantly greater than that of outer

biomedical science research shells to the basic biomedical

science research shell. This seemed to also demonstrate the

existence of "effective directicn" of research information to
be from the basic biomedical science research orientation to
the clinical practice research orientation. These findings
suggest that the outer research shells of the universe of
biomedical science depended more (five times) on research
information from the innermost research shell than the inner
research shell on any of the outer research shells. The same
findings were identified when each research shell was examined
with respect to other outer research shells.

These results seemed to support the notion that the uni-
verse of the literature of biomedical science could be defined
as consisting of four different research shells at one end
of which lies the basic biomed:ical science research shell and
on the other end the clinical practice research shell. The
applied biomedical science and clinical research shells
existed between the two ends of the universe of biomedical
science. The findings also demonstrated the differences in
research orientations. The nearer in research orientation a
given research shell was to basic biomedical science orien-

tation, the greater the flow of citations between basic
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biomedical science research and that orientation. Thus, the
applied biomedical science research shell which is next in
research orieﬁtation to basic biomedical science research
shell has greater citation interaction with it than that of
clinical practice research shell which is considered to be
at the most practice end of the universe of biomedical science.
Considering the differences in terms of self-citations,
Table XVIII illustrates the degree of the differences between

the four research shells.

Table XVIII: Self-Citation in Each Research Shell

Total Self- | Total Self-
Citation in |{Citation Per
Each Re=- Journal in
search Shell| Each Research
Research Shell Category Shell
Basic biomedical science 81 856,053.4 |17121.1 | (A)
Applied biomedical science Sa 366,226.7 9155.7 | (B)
Clinical research S3 335,443.8 9584.1 | (C)
Clinical practice P 148,428.0 5937.1 | (D)

The value of A:B:C:D 2.88:1.54:1.61:1

Multiply by 10 28.8:15.4:16.1:10,0

Il

Approximately 29:15:1€:10

These findings which are illustrated in Figure 2, showed

the fact that the most basic oriented research shell cited



Figure 2: Differences Between the Various Research Shells
within Biomedical Science as Demonstrated by
the Self-Citation.
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more of itself (17121.1) than any of the other research shells
and the rate of self-citations decreased as the research
orientations moved from basic research center to practice
research. The rate of self-citations for applied biomedical
science research shell (9155.7) and that of clinical research
shell 9584.1 are approximately equal. The rate of self-
citations in clinical practice research was the smallest
(5937.1). The approximate equal number of éelf-citations in
the two middle research shells seem to suggest that both of
these research shells have the same amount of research acti-
vities. This can be conjectured to mean that both have nearly

the same research goals which include the application of

the existing body of knowledge in the universe of biomedical

science to the solution of medical problems.

To determine the degree of dependency* of one research
shell on ancther, the number of citations from shell 1 to
each of the other shells and those from each of the other

shells to shell 1 were computed using citation intensity

Table XVII. The same computation was repeated for shells
2, 3, and 4. Thus, a table of citations outflow and inflow
was developed.as depicted in Table XIX.

Table XIX represents the pattern of flow of citations
outward and inward taking one research shell with respect
to all others. The ratios of the outflow of citations to

inflow of citations denote the dependency relationship of

*Dependency in the context of this study is defined as
the number of times citations out is more than citations in,
when comparing the cited/citirg patterns of each research
shell. Thus, it is the ratios of citations out: citations in.
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The Pattern of Flow of Citations Prom One Research
Shell to Ancther and Their Dependency Relationship.

Table XEX:

Number of Cltations [Number of Citations [Dependéncy

Flowing Qut Flowing in Ratio
Shell X Y ¢

Sy Sy = 856053 S, K51 = 856053 1

S;4— S, = 145391 S,y S, = 29128 4.99

% S19— S3 = 25920 S39 Sp = 4094 6.33

S1>— S4 = 10829 Sgy Sy = 281 38.53
Sy Sy = 366200 Sy~ S = 366200 ™

Sy~ Sq = 24974 S3v>— Sp = 17057 1.46

%2 S, 84 = 15337 S4r S, = 1627 9,43
S, 8, = 29128 5, 5, = 145381 *
5y S, = 335444 S, S, = 335444 1

Sy S, = 57154 5,7 8y = 9178 6.23
%3 Sy S, = 17057 S, S; = 24974 *
Sy S = 4094 S+ S3 = 25920 *
S4+ Sy = 281 S PS4 = 10829 *
s s, = 1627 5,> §, = 15337 *
>4 Sg% 53 = 9178 Sy Sy = 57154 *
5, 5, = 148428 5,~¢ 5, 148428 1"

** celf-Dependency is not considered in the discussion that follows.
* The dependency ratio are not determined in the reverse direction
since these are not relavant in the discussion.
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one shell over the other. The results seemed to suggest
that as the "relative position” of a defined research shell
moved away from the most basic kiomedical science research
shell to the most clinical practice research shell:

(a) The number of citations flowing out decreased. 1In
shell 1 it decreased from 85605Z to 10829; in Shell 2 it
decreased from 366200 to 15337; in shell 3 it decreased from
335444 to 57154; in shell 4 it has no outward flow of cita-
tions because shell 4 is the last research shell in the con-
tinuum.

These findings demonstrate that research information
which is vital to the advancement and practice of medicine
is generated from within the inner research shells. Thus,
the basic biomedical science research shell provided greater
research information to the outer shells, applied biomedical
science provided greater research information to the remaining
outer research shells and clinical research shell provided
greater research information to clinical practice than the
other way around.

(b) The values of the dependency ratio increased as
one moved from the inner research shells toward the outer
research shells. For example the dependency ratio

between shells 1 and 2 = 4,99

between shells 1 and 3 = 6.33

between shells 1 and 4 = 38.53

between shells 2 and 3 = 1.46

between shells 2 and 4 = 9.43

between shells 3 and 4 = 6,23
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These results seem to suggest that the less research
oriented biomedical science research shells depend more
on the research information generated by the more research
oriented shells than the other way around. The degree of
dependency increases as the gap between the research orienta-
tion widens. This leads one to speculate that anything
done to undervalue the position of basic biomedical science
research shell in the overall davelopment of biomedical
science will by implication affect the general advancement
and practice of medicine.

With the decrease in the number of citations from the
basic biomedical science research shell into other shells,
the existence of certain problems in the channels used for
the dissemination of research information is suggested.
Some of the problems within the channel of communication of
scientific literature have been attributed to the presence
of literature sewage. Chernin, beautifully expressed this
"literature sewage" problem:

on the other hand, some of the stuff

that flows through journals represent

unprocessed sewage that clogs the mind

it is meant to enrich, eutrophication

can smother scientists just as it does

aquatic life.
This led this study to advance a suggestion of controlling
biomedical science literature with the view of making rele-
vant research literature more visible to biomedical science
community. The details of such suggestion is given in the

concluding chapter of the study.
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From the analysis of the data, the following have been
demonstrated:

(a) There was found to be & bi-directional flow of
research information within the universe of biomedical
science. The number of citations from the inner research
shells were consistently greater than the number of cita-
tions from the outer research shells.

(b) The dependency ratios of outflow to inflow of cita-
tions within the universe of biomedical science were con-
sistently greater than 1. (For example from shell 1 to 2,
3, 4, the ratios are 4.99, 6.33, 38.53 respectively.) This
also demonstrated the truth of the hypothesis that
_research information flow from basic biomedical science
reseérch shell in the direction of clinical practice research
shell,

(c) The flow of research information from basic bio-
medical research shell into other biomedical research shells
decreased as one moved from the most basic biomedical science
research shell to the most practice oriented research shell.
This finding seemed to suggest the existence of a barrier
which influences the flow of research information from inner
research shells to the outer research shells.

(@) There was a high and increasing dependency ratio
as one compared the flow of citations from basic biomedical
science research shells with the flow of citation from other
research shells by taking that of shell 1 with each of the

shells in turn. This finding seems to show that basic
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biomedical science research shell provided a core of research
information necessary to stimulate the growth of biomedical
science and its practice.

(e) There was a greater number of self-citation in
basic biomedical science research shell than in any of the
other research shells., This finding supported the notion that
basic biomedical science research orientation is different
from clinical medicine. This difference could be attributed
to differences between the goals and missions of each part
of the universe of biomedical science. While the basic bio-
medical science research activities originate mostly from a
non-mission oriented approach (that is, the research acti=~
vities are not targeted towards finding a solution to existing
problems but finding fundamental laws that govern biological
behaviors which may or may not lead to the advancement of
biomedical science as a whole), that of clinical medicine are
targeted toward finding the solutions to medical problems

by using some of the existing body of knowledge.

The Anomaly

Although the results seem to show that the "effective
direction" of flow of citations is from basic biomedical
science research shell end of the continuum to clinical prac-~
tice research end, the interactions between the basic research
shell and other research shells in terms of the flow of cita-
tions across each research shell diminished significantly.

This raises the question whether there is significant inter-
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action between basic research and technological innovations.
The results of case studies with Acronym TRACES,l4 Inter-

actions of Science and Technology in the Innovative Process:

Some Case Studies, prepared by Battelle Columbus Laboratory,l5

and Comroe and Dripps' "Scientific Basis for the Support of
Biomedical Science" supported the existence of significant
interactions between the basic research and technological
innovations. However, while the results of the present study
showed that the effective direction of research information
is from basic research to clinical practice, it also demon-
strated that the degree of interaction between them in terms
of the flow of citations was very small. The findings
seemed neither to support the notion of basic biomedical
science research leading to technological (clinical practice)
innovations nor that technological innovations have basic
research roots.

This anomaly may be adduced to three possible explana-
tions:

The methodological approach of this study which was
based on using the flow of citations within and across dif-
ferent research shells to address the degree of interac-
tion and the nature of flow of research information seemed
to be an inadequate method to study the complex problems of
interactions between basic research and technological inno-
vations.

A second explanation may be that there are no significant

interactions between basic research and technological inno-
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vations. Therefore, the results of past studies and my own
personal intuition that there exists such interactions may 'j'
have been based on overly optimistic assumptions.

A third explanation is that a more sophisticated cita-
tion analysis method may be necessary to study the complex
problems of interactions which may or may not exist between
bagsic research and technological innovations.

In regard to the citation analysis method used for this
study, the interaction was simply defined in terms of thel
flow of citation between one research shell and another.

The possibility of perccolating slowly over a period of years
of the citations from shéll to shell was not taken into account.
Thus, the seeming small interaction especially between basie
biomedical science and clinical research shells may be due to
this over-simplistic definition of interaction. Can a éqm—
plex method of citation analysis be developed to address a
broader problem of interaction between basic research and
technolcgical innovations? It can be conjectured at this
stage that a method involving "2itation of citations” may
lead to a deeper understanding of the problem of the inter-
actions., | |

There may be other interaction variables relating tolthe
flow of research information which cannot be easily reduced
to citation analysis but which may influence the interactions
between basic research and techpological innovatiens. Liter-

ature glut may contribute to high self-citations. The more

there are references to use in a given research shell, the
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less there may be time to look for more from outside that
shell. It may also contribute to the submersion of guality
research information necessary for citations in a research
shell. The milieu of basic research and technological
innovations which probably give rise to different languages
of writing and communication may contribute to the difficulty
that exists in the problem of interactions. It can be hypo-
thesized that, for an effective interaction between one
research shell and the other, the lanquage of writing of one
has to be learned and assimilated by the other. The hypo-
thesized language barrier arises as a result of the findings
which showed that the nearer shells are in research orienta-
tion, the greater the flow of citations between them.

In general therefore, it can be hypothesized that the
problems of interaction between basic research and technolo-
gical innovation do not only involve those elements which can
be defined through citation analysis alone but they also

involve other communication variables as well.

Effect of Increase in Size of
Research Literature on the
Flow of Research

Information

One of the relationships to be tested in this study is
the effect of increase in size of research literature gen-
erated by the basic biomedical science research shell, on
the flow of citations from it into the four biomedical

science research shells, If all things were equal, one
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would expect that by increasing the size of research liter~
ature (in this case, the number of research journal and source
articles) there should be a corresponding increase in the
number of citations generated anc utilized. This should in
turn increase the probability of greater flow of research
information (citations) within and across various biomedical
science research shells. Reasons for these expectations were
based on the fact that, the more research journals with their
corresponding research articles are generated, the more citable
articles there should be for utilization by the different
research shells. However, the above expectations have never
been realized. On the contrary, it seemed that it becomes
more difficult for the scientific community in general and
the biomedical science community in particular to obtain
relevant research information which have been buried in the
sea of unused research literature. This state of affairs
had led Amitai Etzionil7 to editorialize the need for the
establishment of "gquality filters" to screen out the repeti-
tive and low gquality papers that burden and pollute the
universe of research literature. It was Quine who complained
that, "The mass of professional journals is so indigestible
and so little worth digesting that the good papers, though
more numerous than ever, are increasingly in danger of being
overlocked."18

The degree to which an increase in size of research
literature affected the flow of research information across

biomedical science research shells was examined by develop-
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ing a table which arranged the journals and/or research
source articles into journal groups acéording to their order
of productivity. Table XX illustrated the number of research
journals with their corresponding number of source articles
in each journal group. The grouping of the journals was
done following Bradford's principle.l9 Bradford's prin-
ciple is essentially based on the notion that there is a
small group of core research journals or core-research
articles that account for a substantial percentage of number
of citations generated or utilized in the universe of scien-
tific literature. Thus, the most highly productive journals
or reseanrch articles have the greatest number of citations
per unit. The one hundred five research journals in basic
biomedical science research shells were grouped into four
groups of approximately equal numbers of citations and these
groups were ranked according to productivity in terms of the
number of citations in a group. The group called "ALL"
represented the productivity of all the journals combined.

An examination of Table XX shows that the mosit pro-
ductive journal group (1) has the greatest number of citations
per journal and per source article respectively (see Columns
D and E}). The number of journals and source articles increased
in each journal group as the productivity of each journal
group decreased. Thus, tc have approximate equal number of
citations in group {2} as in group (1), the number of jour-
nals and source articles increased to 7 and 7,156 respec-

tively; group {(3) increased to 25 and 8,734; and group 4
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increased to 70 and 14,845. The number of citations per
journal and per source article as shown in columns D and E
revealed a decrease from 98032 citations per journal and
60.43 citations per article to only 4,200 citations per
journal and 19.81 citations per article. The group (ALL)
has 105 journals and 35,602 source articles and these gen-
erated 1,177,981 citations. The values of D and E in the
group (ALL) were 11,219 and 33.09 citations respectively.
These findings above seemed to support and demonstrate the
evidence of the existence of Bradford's principle.

It could be deduced from these findings that increasing
the number of journals or source articles in a given journal
group without increasing its level of productivity did not
increase the number of citations in each group and it even
lowered the number of citations per journal and per source
article respectively. This seened to point to a probable
existence within each journal group some factors which
according to this study might be attributed to literature
pollution arising from increase in size of research liter-
ature without increase in quality.

Considering the total number of journals and source
articles in group (ALL) with their corresponding number of
citations per journal, it was possible to argue and calculate
sets of coefficients (k) of the factors which seemed to
influence the number of citations per journal.

If the productivity in terms of citations per journal

was the same as the productivities of all others, then the
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number of citations per journal in each group would be equal.
And, the literature size required to produce the same number

of citations would be equal in all the groups. Let

Number of citations per journal in Group (ALL)
Kn = Number of citations per journal in other group

3
]

ranking position of the journal group

Thus, 98032K; = 11.219; K; = 0.1144
42128Kp = 11.219; K3 = 0.2563
11799K5 = 11.219; K3 = 0.9508

4200K4 = 11.219; K4 = 2.6712

The coefficient (K) which increased as the number of journals
in a journal group increased seems to provide another approach
of looking at Bradford's law of distribution of subject liter-
ature.

To examine the question concerning the flow of citations
from each journal group to the four research shells, Table
XXI was prepared. Using the 6' x 6' input-output citation
matrix table prepared for this study, the one hundred five
journals belonging to the basic biomedical science research
shell were arranged into four groups ranked according to
their productivity along the vertical columns. The journals
belonging to each of the four research shells were arranged
along the horizontal row. The actual number of citations
from each group were collated (see Columns H). The respec-
tive number of citations from each journal group to the

four research shells was determined by dividing the actual
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number of citations in each group by the number of journals
per shell.

Considering each of the horizontal rows which rep-
resented the number of citations from the journal group
into sach of the research shells, the table revealed that
the most productive journal group provided greater number
of citations to each of the research shells. The number of
citations per journal flowing from each of the journal groups
to research shell 1 showed an increase from 2323 citations
in group containing three journals to 2436.82 citations in
group containing 70 journals; in shell 2, the number of
citations per journal flowing from each journal group
decreased from 429 to 339.56; in shell 3, it decreased from
36,15 to 18.9; and in shell 4 it decreased from 2.67 to 0.77.

These results seem to demonstrate that as the number
of journals in each group increases, the flow of citations
per journal increases only in shell 1, This by ilmplication
seems to indicate that experts in this shell use a wider
range of research information than experts in other shells.
It is to be noted also that the flow of citations was from
basic biomedical science shell into basic hiomedical science
{self citation). This result suggests that the more research
information is exposed to the experts in the basic biomedical
science shell from their own research shell, the more they
cite.

Considering the horizontal rows, the values of flow of

citations, in the first two groups (with three journals,
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seven journals respectively) are higher than the values of
the last two rows (with 25 journals, 70 journals respectively).
Why this is so, can be conjectured to be attributed to the
fact that the more productive journals provide greater citable
and useful research information than the less productive
ones to applied biomedical science research, clinical
research, and clinical practice research shells. The
graphical representation (see Figy. 3) of the number of cita-
tions per journal flowing into each of the research shells
against the number of journals in each of the journal

groups revealed a small increase in the number of citations
per journal as the number of journals in journal group
increased in shell 1. There were decreases in the other
shells. These suggest that without an increase of produc-
tivity in journal groups, the flow of citations intoc other
research shells within the universe of biomedical science
was hampered. At this point, it might be speculated that
exponential law of growth of research literature beautifully
expressed by Price?? seemed to have both "negative and
opposite effects" on the flow cf citations from one research
orientation to another within the universe of scientific
literature. Whether "this negative and opposite effects"

as a result of exponential growth of research literature has
any direct effect on the quali:y of scientific research
activities could not be concluded from this observation.
Another study with different hypotheses would be needed to
examine the relationship of quality of research and the

observed decrease of citations.
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However, the complaints of manv scientists in general
and biomedical scientists in particular seemed to point to
the fact that there are a number of problems in the channels
of scientific research communication brought about as a
result of literature proliferation or literature exponen-
tial growth. The late Professor William Bulloch, 2l speak-
ing as a pathologist, described this proliferation as
definitely malignant - the journalistic blastoma. Writing
how this growth of scientific literature certainly has
brought unhappy results into the channel of scientific
research communication, Theodore Fox, former editor of

Lancet, in his book Crisis in Communication: The Functions

and Future of Medical Journals, stated:

When there were only a few journals,
the system was relatively efficient,
because new information published in
any one of them probanly reached every-
body interested in its subject. But
today, so much is printed in so many
places that mere publication of a fact
or idea does not by any means ensure
that it will reach all the people who
need it for their practice or their
researches. Pearls of great price are
cast before regular subscribexrs but
often remain hidden from those who
require them to complete sgge particu-
lar necklace of khowledge.*“

The problem of exponential growth of scientific liter-
ature, conmpounded by the proliferation of scientific speciali-
zation seemed to have become a natural law of scientific
enterprises. At the concluding chapter, a method will be

advanced to exploit computer technology in synthesizing and
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filtering research information for the preduction of guality
research information.

Considering the vertical columns of Table XIXL the flow
of citations from each group intc research shells decreased
from shell 1 to shell 4. This decrease was consistent with
the earlier findings that the flow of citationg from basic
biomedical science research shell to all other research
shells decreased by phenomenally large numbers, as one
moved away from basic biomedical research orientation. . Thus,
the interaction between one research shell and the other in
terms of citations flow depended on the "relative distance"
between one research orientation and the other. This finding
as earlier stated seemed to suggest an existence of "barriers"
that prevented or dragged the flow of research information
across the research shells. The notion of existence of
"barriers” which are speculated to prevent or drag the flow
of research information seem to be related to the guantity
of research literature. It has been noted that valuable
research information is preventzd from reaching the source
of needs because it is buried in a deluge of irrelevant
research literature.23 It can be hypothesized that the
"barriers" may be partially caused by the existence of "dif-
ferent language of writing" of results of research projects.
Most of the research write-ups invariably follow certain
defined rules and regulations existing within the given
research shell. Thus, to interact effectively, the language

of writing of one research shell has to be learned and under~
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stood by another research shell. Methods for reducing the
effects of barriers to the flow cof research information
between one research shell and arnother needed another form of
gate keeping system using the capability of computer tech-
nology. The details of these methods are given in the con-

cluding chapter.
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CHAPTER SIX
SUMMARY, IMPLICATIONS, PCSSIBLE APPLICATIONS,

CONCLUSIONS AND SUGGESTIONS FOR
FURTHER STUDY

Introduction

The fundamental basis needed to be established to pur-
sue this study was whether, within the universe of biomedical
science, there existed different research orientations
{research shells) which could be identified and classified
by biomedical science experts using research literature
-generated in the field. To do this, a guideline needed for
the classification of research literature into defined
research shells by biomedical science experts was designed.
Having established the existence of research shells within
the universe of biomedical science, the result was used to
examine the hypotheses and to answer some questions raised
in the study.

The central purpose of the study was to determine the
gquantitative differences in the flow of research information
between one biomedical science reseafch shell and the others.
In this way, it was possible to determine how significant
these differences were between the flow of citations from
basic hiomedical science research shell to each of the other
biomedical science research shells and from each of the

others to the basic biomedical science research shell.
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The summary, implications, possible applications, and
the conclusions of this study are presented in the sequence
in which the materials were analyzed and discussed in

Chapter Pive:

(a) Research shell classification scheme and the
biomedical science exparts;

(b) Comparison between "research shell” and "research
level" classification schemes;

(¢} The dynamics of the flow of citations within and
across research shells; and

(d} The effect of the increase of research literature
on the flow of citations across the research

shells.

Research Shell Classification Scheme
and Biomedical Science Experts

The study demonstrated clearly that there exist
different biomedical science research orientations within
the universe of biomedical science. The experts agreed
that four biomedical science research orientations (research
shells) exist within the universgse of biomedical science,
as demonstrated by the nature of literature generated and
utilized, It was revealed that the literature of biomedical
science can be used to classify the different research
orientations.

Three hundred fourteen biomedical science research

journals were classified by the experts. Out of the
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remaining thirty~six journals which were not included in
the study, fourteen were not classified and twenty-two were
classified by three exﬁerts into three different research
categories. The experts recognized and stated that every
biomedical science research journal has a central objective
directed toward a unique readership and biomedical science
research orientation: basic research, applied research,
technological research, and practice.

The results of the analysis of the flow of citations
in and out of each research shell supported the evidence
of the existence of different research orientations {(research
shells) within the universe of kiomedical science. The
analysis revealed that in terms of the number of citations
per journal flowing from each research shell to all others,
the basic biomedical science research orientaticen has the
greatest number of citations per journal (9033) (46.71%);
this was followed by applied biomedical research shell
(4483} (23.18%); clinical research shell (3543) {(18.32%);
and clinical practice research shell (2278} (11.78%).

Also, differences in terms of the number of source
articles generated in each of the research shells supported
the notion of research corientations. The basic biomedical
science resgearch shell was seen to generate more research
journal articles than any of the other research shells and
these decreased as the research orientation moved from the
most basic to the most practical oriented research. These

findings led to suggestions that the basic biomedical
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scientists have greater research activities than those of
the other research orientations. This characteristic led
Deuts&hl in his detailed qualitative analysis of the struec-
ture of science to refer to basic scientific research as
a tightly integrated system. Feeding some empirical
evidence into the gualitative analysis of Deutsch, storer?
introduced the concept of "hard science" as those belonging
to the basic science and “soft science" as those belonging
to the applied and technological sciences. Using the cita-

3 found that

tion pattern of scientific knowledqge, Price
basic scientific research was higher in hierarchy (putting
them on the sclae of 1-10) than the soft sciences,

The identification of research shells defining the
four research orientations within the universe of biomedical
science could be used by biomedical science planners to
redefine the missions, the purposes, and the objectives for
establishing biomedical science research and medical cen-
ters. Thus, at the planning or general development stages,
the biomedical science research and medical centers could
be planned and organized in line with one or a combination
of several research orientatiors. TIf the emphasis of one
biomedical science research or medical center is basic
biomedical research, then policy formulation should emphasize
the nature of the research orientation. If it is more of
a combination of all the research orientations or more
toward direct application of research results in the prac-
tice of medicine, policy should reflect that research orien-

tation accordingly.
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By implication, such redefirition of missions, purposes,
and objectives for establishing biomedical science research
centers will aid biomedical science information specialists
and medical librarians to formulate research information
development policy that emphasizes collection of research
literature relevant to the immediate needs of the research
literature relevant to the immediate needs of the research
erientation. 1In this way, funds could be conserved for and
channeled to the development of guality and relevant research
literature in a particular research center.

However, the generality and validity of this "research
shell" classification by only one hundred twenty biomedical
science axperts from only one medical school in the United
States are limited. Without further verifiable study on
a wider cross-section of the population of biomedical science
experts, the acceptance of this classification should be
treated with caution. These £findings undoubtedly suggest
~approaches to future study to be carried out on a larger
scale. Such study should nct limit the population of bio-
medical scientists to a single medical school but should
include as well other biomedical scientists and medical

doctors in other biomedical science resgsearch centers.

Comparison Between "Research Level™ and
Research Shell Classification Schemes

The comparative analysis of research journals clas-

sified by Narin into different research levels and the
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research shells developed for this study found that the
classification were in essential agreement. More than
ninety-four percent (94.4%) of the research journals clas-
sified by experts into research shell 1 (basiec biomedical
science research) agreed with that of Narin's research
level 4 (basic biomedical research). More than eighty-~six
percent (86.3%) of the research journals classified by the
experts into research shell 2 (applied biomedical science
research) agreed with that of research level 3 (clinical
investigation). About seventy-three percent (73.90%} which
were classified as clinical research shell 3 agreed with
research level 2 (clinical mix}. And finﬁlly, more than
sixty-six percent (66.,7%) of those classified as clinical
practice agreed with that of research level 4 (clinical
observation). The statistical analysis to test the strength
of the agreement between the two classification schemes
found a relatively high value of the Pearson Product Moment
Coefficient of Correlation r (rxy = 0.885, for P = 0.001;

r = 0.174).

It is to be noted that the "research level” classifica~
tion df Narin was developed by analyzing the citation patterns
of each of the research journals within the universe of
biomedical science., Mindful of the limitation of "research
shell" classification, the strong agreement between the
two clasgification schemes lends support to the existence
of research shell classification within the universe of

biomedical science, suggesting that a combination of the
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two methods of classification using research journals could
profitably lead to the development of a classification
system different from the traditional systems which would
be more relevant for the organization of scientific liter-

ature in general and biomedical science in particular.

Interactions Between Research Shells

The results of the study of the interactions between
each of the biomedical science research shells in terms of
the number of citations flowing from one research shell to
the others demonstrated the rapidly diminishing degree of
interaction. As the research orientations of the shells
move further apart, the interactions between them in terms
of the number of citations flowing in and out decreases
dramatically.

Thus, the applied biomedical science and basic bio-
medical science research shells have greater interaction
with one another than do the basic biomedical science and
clinical practice research shell. These two opposite ends
" of the universe of biomedical science are separated by two
other research orientations called applied biomedical science
and clinical research.

The questions which could be raised from these findings
include:

(i) Does the existence of applied biomedical science

and clinical research shells between basic

biomedical science and clinical practice research



{ii)

{(iii)

(iv)

shells act as barriers to the flow of citations
between the two ends of research orientations?;
If so, how can the effect of these barriers be
reduced so that enough relevant and quality
research information could flow between basic
research and practice?;

Does the apparent existence of this relatively
small interaction suggast a well defined exis-
tence of independence between the two research
shells?; and

Can their interaction actually be properly
measured in terms of direct citation exchange

betwsen them?

Answers %to some or all of the guestions raised above
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and which this study was not set to examine undoubtedly will

provide a

hetter understanding of the complex question of

interaction.

Dynamics of the Flow of Citations

Examining the dynamics of the flow of citations within

and across the different research shells wWith the purpose

of testing the central hypothecis, finding the "effective

direction”

dependency

of the flow of research information and the

relationship between one research shell and the

others, the results demonstrated that the number of citations

flowing from the basic biomedical scilence research shell to
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any of the outer research shells were consistently greater
thﬁn those flowing in,

This thus proved the central hypothesis that the quan-
tity of research information from the basic biomedical
science research shell to all the other ocuter research
gshells is significantly greater than those from outer
research shell to basic biomedical science research shell,
This also demonstrated the existence of "effective direc-
tion" of the flow of research information within the universe
of biomedical science. The universe of biomedical science
research enterprise being made up of four research orienta-
tions (research shells), at one end of the continuum of
which lies the basic biomedical science research and on the
other end the clinical practice research shell, the flow of
research information from the basic biomedical science end
towards the clinical practice end was seen to be greater
than those from clinical practice end toward the basic
biomedical science end. The number of c¢itations from basic
biomedical science into the three outer research shells
was 186150.88 and those from the three outer research shell
into the basic biomedical science shell was 33502.28.

Thus, the citations flowing from the inner research shell
to outer resecarch was about 5.56 times the one flowing in.
Considering applied biomedical science research shell, with
respect to two outer shells, the citations flowing from
this to the remaining two research was about 2.16 times the

one flowing from the two outer shells to the applied bio-



165

medical science research shell. And lastly considering

the flow of citations from clinical research shell into
clinical practice research shell, there was about 6.23 timeé
those that flowed from clinical practice to clinical
research. These findings demonstrated that the flow of
citations from the inner research shells were consistently
greater than those flowing in from the outer shells. This
proved the "effective direction" of research information
from the basic biomedical science research end toward the
clinical practice research end cf the universe of biomedical
science.

Considering the dependency relationship of one research
shell on the others, the results seem to demonstrate that
all the research shells depended heavily on the information
generated from basic biomedical science, Surprisingly,
the clinical practice research shell depended on basic bio-
medical science research shell more than 38 times. (That
is, clinical practice research shell uses 38 times more
research information from basic biomedical science research
shell than basic biomedical science uses from the clinical
practice research shell.) Clinical research shell uses
6.33 times and applied biomedical science research shell
uses 4.99 times from basic biomedical science research
shell. These findings seemed to demonstrate the fact that
basic research information is wital to the advancement and
practice of medicine. Thus, the basic biomedical science

research shell provided greater research information to outer
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shells, applied biomedical science research shell provided
greater research information to the remaining two outer
research shells; and clinical research shell provided greater
research information to c¢linical practice than the other

way around.

The decrease of the flow of the number of citations
from the basic biomedical science research shell into outer
research shells seemed to suggest the existence of problems
in the channels used for the dissemination of research
information. Some of the problems within the channels of
communication could be attributed toc the presence of "liter-
ature sewage" brought about by the proliferation of both
the high guality and poor quality research literature,

The high quality research literature are submerged in the
poor quality research literature and this could be said to
result in clogging the channels of communication. Whether
the presence of literature sewage led to the observed
decrease in the flow of research information between the
regearch shells is difficult to conclude from the results
of this study without further verification.

Following the establishment of the universe of bio-
medical science as made up of research shells and each
shell representing a unique research orientation, the find-
ings of this study suggest the existence of a unique research
shell "language" employed to conduct, report, and publish
research results. The finding of high self~-citations

characteristic of each research shell seems to support the
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existence of these hypothesized different forms of language.
Perhaps this research shell language has to be learned

and assimilated by other research shells before there can
be proper communication between them, and within the con-
text of this study, before there could be greater flow of
citations between them. This noticn of the existence of
research shell language arose from the finding that the
number of citations exchanging bketween any two research
shells were consistently greater than those that are further
apart. However, the existence of "research shell language"
remained speculative until more work is done to establish
the validity of the concept and the multivariate forms of
interactions between them.

Spanning, connecting, inteqrating, and synthesizing
research literature generated in each of the research orien-
tations within the universe of science have always been
the task of librarians, information scientists, indexers,
and documentalists on the one hand and the generators,
producers, and the users of recsearch literature on the
other. The generator, producer, and the user of research
literature have played a major role in providing a gate
keeping system through reviews, analysis, and classification
of past research works. Through these various activities,
it has been possible to identify research fronts and the
most active research areas of science.

The findings of the existence of research shells

within the universe of biomedical science, did not only
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reveal the critical tasks of the librarians and information
scientists, but also suggested the complex nature of inter-
actions between the research orientations within the universe
of knowledge.

It has been alluded to, from the results of this
study that there existed barriers in the channels of commu-
nication between the various research shells in the universe
of biomedical science, possibly as a result of literature
sewage and the probable existence of research shell languages,
In order to reduce or control the barriers between the
research shells, the research.literature not only has to
be filtered to delete poor quality research literature,
but each research shell language employed to generate its
research literature has to be translated into the language
of the other shells, assuming that there are such languages.
Thus, the basic, fundamental and theoretical language
characteristic of the basic biomedical science research
shell has to be translated intc the language of the applied
biomedical science research shell or clinical practice
research shell. As to who would do such translation would
have to wait for further studies and understanding.

Concerning the notion of Ziltration of research infor-
mation to delete poor quality research literature, the
results of this study seemed to indicate that the develop-

ment of a Computer Information Filtering System is highly

possible.
It must be mentioned, however, that "information pri-

vacy" combined with human desire for personal recognition
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as against service to humanity may pose real problems to the
development of such a computer system. It seems that to
incorporate personal recognition capability in such a sys-
tem may not be difficult. The international characteristics
cof biomedical science body of knowledge and its value for
the whole human community call for sacrifice on the part of
the generators and processors tc develop an information
filtering system which will maximize the visibility of
gquality research information to all scientific community

in general and t¢o biomedical science community in particular.

The notion of devising a research information filtering
system to enhance "information quality control" may make
some information scientists and librarians nervous hecause
of its seeming implication for censorship. The system does
not suggest a change in the basic ecology of biomedical
science literature. Rather, it suggests that the barriers
or factors affecting the flow of quality and relevant
research information be controlled to effect a better fil-
tering systen.

The description of the information filtering system
that follows is merely speculative and it is 6pen to further
studies and investigation.

With the growing interest of computer and telecommunica-

4, S

tion technoleogies in information transfer authors like

Lancaster® argued forcefully for a paperless information

7

system and Plotkin’ left university teaching in 1980 to

found a Manhattan-based company known as Comtex Scientific,
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Comtex hopes to offer the first lLine of twenty-two electronic
journals which are stored in a central computer ready to be
retrieved via telephones by scientists who own mini- or
microcomputers.

And the present availability of information data bases8
and the existence of comprehensive citation indexes of all
fields of science? make the development of a multipurpose
computer information system highly probable. This system
would take into account the existence of the "language"
gap between research shells, the proliferation of good qual-
ity and poor quality research literature, and the existence

of research shells within the universe of biomedical science.

Using the existing Science Citation Index of the

Institute for Scientific Informationl? as a data base, the
research journals, monographs and books which are indexed
could be neatly grouped into their various research orien-
tations (shells). 1In this way, it would be possible to
monitor the growth of research literature in a research
shell with respect to other research shells.

Since citations of particular research articles or
journal belonging to a particu.ar research shell provide
links with articles or journals in another research shell,
information pertaining to the nature of the relationship
between the cited and citing articles within and across the
research shells could be established by computer connecting
capability. Such computer connecting analysis would help

to eliminate those that have little or no citing and cited
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interaction. Invariably, such computer connecting analysis
could lead to filtering all the poor quality research
literature away.

To bridge the language gap, both the computer and bio-,
medical science experts on the one hand, and the librarian
and information scientists on the other would have to work
together to provide the right type of language translation
needed between one research shell and another.

Diagrammatically, this hypothetical Computer Information

Filtering System could be represented as illustrated in

Figure 4.

The Effect of Increase of Source Articles
on the Flow of Nunber of Citatidns

The findings of the study as related to the effect of
increase of source articles or research journals on the
pattern of flow of citations from one research shell to
another gave evidence to support that an increase of either
source articles or journals without a corresponding change
in their productivity affected the flow of citations,
Arranging the research journals into journal groups with their
corresponding scurce articles and the number of citations
according to their citation productivity showed that the
highly productive journal grou> provided a greater flow of
citations. The citation flow per journal decreased as the
number of research articles or journals increased. These

findings supported Bradford's principle that only a few
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tion ready for publication.
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research intformation te be copied instead of publishing it into
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research literature is given a unique code of identification.

AU = (Classification Unit provides classification capability
in which the Tesearch literature in the master computer
record unit are clacsified into the research shell

classification.
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gynthesizing and connecting the research literature in
each research shell., The Filtering capability thas
provides method of retrieving regearch literature from
each of the research shells.
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researc Tterature OT research literature from any
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highly productive journals or articles accounted for more
citations in any given research orientation. The findings
tended to suppért a probable existence within each journal
group, some factors which could be attributed to literature
sewage. Thus, an increase in size of research literature
without an increase in productivity (quality) lowered the
flow of citations across each research shell.

Arrangement of research journals according to produc-
tivity ranking have been employed in the past to develop
core~research literature.

The findings led to the establishment of coefficient
of productivity of each journal group. The highly produc-
tive journal group was found to have lower coefficient of
productivity. This could be extended to finding that of
single research journal, monograph, or book which has the
probability of citing and being cited. The coefficient of
productivity of journal, monograph or book describing the
quality and productivity of the research information
described in it could help bring together all the good
quality and poor quality research literature and thus en-

hances the filtering system.

Suggestions for Further Study

A number of problem areas were identified throughout
the development of this study which are deserving of further

investigation.
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1. Study of the structure of biomedical science and
the pattern of the flow of its research information based on
the universe of biomedical science as essentially made of
four research shells representing the different research
orientations and practice is severely limited. The inter-
actions within and among differernt research orientations,
the pattern of communication between basic research, applied
research, clinical research and practice within biomedical science
form a complex multitude of variables (e.g. research
orientations, pattern of literature generated and utilized,
the nature of communication among various research and prac-
tice categories, etc.). 1In a study to get a broad based
view of these complex interacticns, there is a need to develop
multivariate statistical analysis of the system.

2. The existence of barriers which resulted in the
slowing down of the flow of research information has been
alluded to in the study. There is a further need to study
to determine the factors that contribute to the slowing down
of the flow of research information as the volume of research
information increases.

3. Citation analysis has been applied in several
different ways to study the structure of the literature of
science, but there have been no attempts made to develop a
means of identifying coefficient of productivity for each
research literature in the universe of science. The combined
use of experts, productivity, and citation patterns of each
research literature can be emploved to identify such coeffi-

cients.
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4, The discovery of the existence of research shells
within the universe of biomedical science would no doubt
help to find a theoretical answer to the classification
of scientific knowledge in general and biomedical science
in particular, Using the concept of "research shell”
classification to de this needs further study.

5. In the study, it was suggested that a Computer
Information Filtering System be developed to aid in sorting,
synthesizing, and classifying the biomedical science litera-
ture intc its various research orientations. Such a develop~
ment would make relevant research information more visible
to all biomedical science community. There is a heed to
investigate the possibility of such a computer system.

6. It was identified that the direction of flow of
citations was always from the basic oriented research to
practice oriented research. One does not know however,
whether this outflow of citations from basic to practice
research is influenced by the nature of the channels of com-
munication.

(a) Is the number of flow of citations for each

reseérch shell consistent with time?;

(b)Y wWhat is the effect on the flow of citations if

funding of a particular research orientation
ig decreased?;

{c} What essential roles do review journals play in

the dissemination of research information?;

{d) Can citation analysis provide a true and valid

measure of interaction between research shells?
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8. It appears from the observation that, the closer two
research shells were, the greater they were able to assimilate
the "language of writings" of each other and thus communicate
better. There is a need to explore if such languages exist.
If they do, do they act as one of the barriers to the flow
of research information in the uriverse of biomedical
science?

Many other questions exist with regard to the inter-
action of various research categories. Because of its poten-
tial benefit to society in general and to biomedical and
information scientists in particualar, such research will

certainly represent a fruitful area for time to come.
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APPENDIX A

Cover letter for the Guideline to Biomedical
Scientists and Practitioners




INDIANA UNIVERSITY | ScHOOL OF LIBRARY

and INFORMATION SCIENCE
Bloomington, indiana 47405
(812) 335-

Dear

I am writing to request your expert help in classifying
biomedical science journals into their defined research
categories,

As a doctoral candidate in the above named School of
Indiana University, I am undertaking a research study of
communication patterns among biomedical researchers in four
research categories.

It is expected that the study will lead to a better
understanding of the nature of interactions between basic
biomedical science research and applied biomedical science
research, clinical research, and clinical practice. It is
hoped that such understanding will aid medical planners to
better plan the support of biomedical science research.
Also it is expected to aid information scientists and med-
ical librarians in developing information retrieval systems
that will better meet the information needs of biomedical
scientists and practitioners,

It will be greatly appreciated if you could take a few
minutes to go through the attached list of journals in your
area of specialization and classify them according to the
definition as given in the enclosed: Guideline to Biomedical
Scientists and Practitioners.

The study is expected to be completed in four months
time., Your early response shall be most appreciated.

A self-addressed stamped envelopes is enclosed for the
return of .your valuable informatiocn.

Thank you in advance for your help.

Sincerely,

Daniel N. Obaka



APPENDIX B

Guideline to Biomedical scientists and Practitioners




In an effort to understand more of the patterns of com-
munication among various categories of biomedical scientists
and practitioners, this study is being undertaken to examine
the citation patterns of biomedical scientists as reflected
in published journals. To do this, there is a need to classify
biomedical science journals into four defined research categories

Journal classification of this nature may be seen to
have some degree of overlap in the type of research articles
published@ in them. If there is any journal in your field
of specialization which publishes research articles from two
or more biomedical science research shells, you are requested
to select the biomedical research category that best describes
the position of the journal., Please omit any journal that
cannot be classified because of overlap.

The fellowing are definitions of categories of bio-
medical science Jjournals:

1. Basic Biomedical Science Research Journal - a journal
that reports basic scientific research leading to
the discovery of medical phenomena,

2. BApplied Biomedical Science Research Journal - a
Jjournal that repcrts mission-oriented research
activities emphasizing the applicability of certain
axisting research results to the understanding and
solution of biomedical problems.

3. Clinical Research Journal -~ a journal that reports
current research activities dealing with f£inding
solutions to medical problems by direct or indirect
experimentation on human subjects.

4. <Clinical Practice Journal -~ a journal that reports
only observational medical facts as they concern
existing and ongoing madical practices without
drawing any inferences from them.
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A. Do you consider the given journals in your field of
specialization to be reportirg principally:

1. basic biomedical scientific research;
2. applied biomedical scientific research;
3. clinical research

4. clinical practice.

Identify by (X ) into which research category each journal
can best be classified according to the given definitions.

iCategories of Bio-
medical Science

Journals
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d by you in your field

B, Is there any journal frequently use
1,15t not more than 2

of specialization but not listed?
and classify them accordingly.
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Citing Journals Arranged
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APPENDIX D

Names of Journals in Each Subfield Classified
Into Two Classification System with Their Ratings

Research Shell | Narin/Pinski
' Classification Research Level
Classification
Names of Biomedical S1 S2 S3 |84 | L4 L3 L2 I
Science Journals f |
ALLERGY i !
|
1. Acta Allergologica X(1) | ®i1)
2. Annals of Allergy | X (1) L fx
3. Int. Arch. Allerg. : ! f '
App. Immunol. ' - X(3) - X(3) |
l
4. Journal of Allergy & {
Clinical Immunol. X(2) | X(1)
5. Clinical Allexgy OM - ED ED ED ED NCN NCN ?NCN NCN
6. Progress in Allergy X (3) ! x(3) |
ANESTHESIOLOGY ;
7. Acta Anaesthesiologica |
Scandinavica OCM ~ NCE NCE NCE X
8. Anaesthesia X{(1) 1 X{(1)
9. Anesthesiology X(2) X(2)
10. Anesthesia & Analgesia ' X(2) X(2)
11. British Journal of
Anaesthesists X(2) X(2)
12, Can. Anaesth. Soc.
Journal X(2) X(2)
13. Anaesthesists | X(1) | Rk
* NCE = Not Classified by Experts
NCN = Not Classified by Narin
ED = Experts Disagreed
OM = Omitted
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Page 2
Research Shell Narin/Pinski
Classification Research Level
Classification
Name of Biomedical S1 S, Sq Sg Ly Lq Lo Ly
Science Journals
ANATOMY & MORPHOLOGY

14. Acta Anatomica X(4) X(4)
15. Amer. J. Anatomy X(4) X(4)
16. Anatomical Record X(4 X(4)
17. Journal of Anatomy X(4) X(4)
18. Journal of Morphology X(4) X(4)
19. Archives of Anatomy

& Morphology X(4) X(4)

BIOCHEMISTRY

20. Analytical Biochemistry X(3) X(4) |
21. Archives of Biochemistry

and Biophysics x(4) X(4)
22. Annual Review of

Biochemistry X (4) X(4)
23. Biochemical and Biophys-

ical Res. Commun. X(4) X{4)
24, Biochemical Journal X(4) X(4)
25. Biochemistry - U.S. X(4) _4_x{4)
26. Biochemica et. Biophysics

Acta X{(4) X{(4)
27. Biochimie X(4) X(4)
28. Biopolymers X.4) X(4)
29. Canadian Journal of

Biochemical Physiology X(4) X(4)
30. Buropean Journal of

Biochemistry X(4) X(4)
31. FEBS - Letters x(4) x(4)
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Page 3
[ Research Shell ”’Narin/?inski
Classification Research Level
B Classification
Names of Biomedical S1 [|S2 [S3 Sy Lg 3 2 Lyl
Science Journals

32. Hope - Seyler S. Zeitsch-

rift fur Physiologische

Chemie
33, Journal of Biochemistry

(Tokyo) X(4) X(4)
34, Journal of Biological

Chemistry X(¢) X(4)
35. Journal of Steroid '

Biochemistry X{4) X(4)

BIOPHYSICS

36. Annual Reviews of Bio-

physics and Bioengin. X(4) X(4)
37. Advances in Biophysics X14) X(4)
38, Biophysical Journal X(4) © X(4
39. Progress in Biophysics X(4) X(4)
40. Quarterly Reviews of

Biophysics ¥(4) X (4)
41. studia Biophysica OM - {MCE |NCE |NCE [NCE X (4)

CANCER

42, British Journal of Cancer X(3) X(2)
43, Cancer X(2) X(2)
44. Cancer Letters OM - (ED ED ED ED NCN {NCN |NCN {NCN
45. Cancer and Chemotherapy '

Report X(3) X(3)
46. Cancer Research X(3) X(3)
47. Cancer Treatment Research X(3) X(2)
48, International Journal

of Cancer X(3) X(2
49, Gann OM - NCE [NCE |[NCE |NCE pd
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Page 4
Research Shell Narin/Pinski
Classification Research Level
N Classification
Names of Biomedical 51 iS22  ]S3 Sy Ly Ly |Ls Ly
Science Journals
50. J. National Cancer Inst. X{3) X{3)
51. European Journal of
Cancer X(2) X(3)
CARDIOVASCULAR SYSTEM
52. American Heart Journal X(2) X(2)
53. American J. Cardiology X(2) X(2)
54. Angiolegy X{2) X(2)
55. Atherosclerosis X(2) X(3)
56. Cardiovascular Res. X(3) X(3)
57. Chest X (1) X(1)
58. Circulation X(2) X(2)
59, Circulation Research X(3) X(3)
60, British Heart Journal X(2) X{1l)
CELL BIOLOGY CYTOLOGY
AND HISTOLOGY
61. Experimental Cell
Research % (4) X(4)
62. Histochemie (4) X(4)
63. Stain Technology X (4) X(4)
64. Int. Rev. Cytology X (4) x{4)
65. In Vitro-Journal of the
Tissue Culture Assn. (4) x(4)
66. J. Cell Biology (4) X(4)
67. J. Cell Science X(4) X(4)
68. J. Cell Physiology ¥(4) X(4)
69, J. Histochem. and
Cytochemistry X(4) X(4)
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Page 5
Research Shell Narin/Pinski
Classification Research Level
Classification
Names of Biomedical S1 S2 S3 Sa La L3 Lo Ly
Science Journals f
70. J. Membrane Biology X(4) X(4)
71. J. Ultrastructure
Research oM ED ED ED ED X
72. Protoplasma X {4) X(4)
73. Cell X (4)
74. Tsitologiya (NCE |NCE | NCE |NCE X
DENTISTRY
75. Archives of Oral Biology X(3) X(3)
76. International Dental
Journal X(3) X(3)
77. J. Dental Research X(3) X(3)
78. J. American Dental
Association X(1) X(1)
79. Oral Surgery, Oral Med-
icine & Oral
Pathology X(2) X(2)
80. British Dental Journal x(2) x (2)|
8l. Scandinavian J. Dental
Research oM ~ X(2) X(3)
DERMATOLOGY AND
VENEREAL DISEASES
82. Archives Dermatology X{2) X(2)
83. J. Invest. Dermatology X(3) X(3)
84, British J. Dermatology X(2) X(2)
85. British Journal of
Venereal Diseases X(3)
86. Dermatologica X(2) X(1)
87. Acta Dermeto -
Venereologica X(2) X(2)
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Page 6
Research Shell Narin/Pinski
Classification Research Level
. Classification
Names of Biomedical S1 59 S3 S4 Lg L3 L2 1
Science Journals
EMBRYOLOGY
88. Develop. Biol. X(4) X(4)
89. J. Emb. Exp. Morphology X(4) X(4)
90. Teratology X(4) X(4)
91. Growth X{4) | X(4)
92. W. Roux. Arch. Ent.
Organ. X{4) X(4)
93. Z. Anat. Entw. OM - INCZ |[NCE |[NCE |NCE X
ENDOCRINOLOGY
94, Acta Endocrinologica x(3) X(3)
95. Diabetes X(3) X(3)
96. Diabetologica X(3) X(3)
97. Endocrinology X(3) X(3)
98. Gen. and Comp.
Endocrinology X(4) X(4)
99, Journal of Clinical
Endocrinology &
Metabolism X(3) X(3)
100. Journal of Endeccrinology X(3) X(3)
101. Metabolism : OM - X(3) X(3)
102. Neurcendocrinology X (4) X(3)
103. Hormone and Metabolic
Research x(3) X(3)
GASTROENTEROLOGY
104. American Journal
Digestive Diseases X{2) X(2)
105. Gastroenterology X{2) X(2)
106. Gut X(2) X(2)
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Names of Biomedical
Science Journals

Appendix D

107.

108,

109.
110.
111,
1325
113.
114,

115.
116.
) 1 iy [
118.
11S.
120.
121,

122,
123,

124.

L% 3

Scandinavian J. of
Gastroenterology

American Journal of
Gastroenterology

GENETICS
Genetics

Genetic Research
Hereditas
Heredity

Human Heredity

Molecular and
General Genetics

Journal of Heredity
Mutation Research
Evolution

Chromosoma

Biochemical Genetics
Annals of Human Genetics

American Journal of
Human Genetics

GENERAL AND
INTERNAL MEDICINE

Acta Medica Scandinavica

American Journal of
Medicine

American Journal of
Medical Science

Annals of Internal
Medicine

Page 7
Research Shell Narin/Pinski
Classification Research Level
Classification
X(2) X(2)
X(2) X(2)
X(4) X(4)
X (4) X(4)
X (4) X(4)
X (4) x(4)
X(3) X(2)
(1) X(4)
X (4) X{4)
X (4) X(4)
X(4) X(4)
(4) X(4)
(4) X(4)
x(3) X(3)
X(3) X(3)
X{2} X(2)
X(2) X(2)
X(2) X(2)
X(2) X(1)
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Page 8
Research Shell Narin/Pinski
C.assification Research Level
. Classification
Names of Biomedical 1 [S2 (53 S4 Ly Lj Loy Ly
Science Journals
126. Archives of Internal
Medicine X(3) X(2)
127. Australian Journal of
Experimental Biology
and Medical Science X(3) X(3)
128. British Medical Bulletin X(2) X(3)
129, British Medical Journal X(1) X(1)
130. Canadian Medical
Assoc. Journal X(1) X(1)
131. Clinical Chemistry Xx(3) X(3)
132, Clinica Chimica Acta X(3) X(3)
133, Clinical Research 1) _
134, Clinical Science and
Molecular Medicine X(3) X(3)
135. Clinical Science x{2) X(3)
136. Deutsch Medizinische
Wochenischrift X(1) X{L1)
137. Journal of the American
Medical Assn. x{l) X(1)
138. Journal of Clinical
Investigation X(3) X(3)
139. Journal of Lab and
Clinical Medicine X(3) KX(B}
140. Journal of Medicinal
Chemistry X(3) X(3)
141. Journal of Medicine X(3) X(3)
142. Johns Hopkins Medical
Journal X(2) X(2)
143, Klinische Wochenschrift X(2) X (2)
144. Lancet X(2) X(2)
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Page 9
Research Shell Narin/Pinski
Classification Research Level
Classification
Names of Biomedical 1 [S2 ([S3 [84 Ly Ly Ly, (I
Science Journals
145. Mayo Clinical Proceedings X{1) X(2)
146. Medical J. Australia x(1) (1)
147. Medical Clinics of
North America X(1) X(1)
148. Medicine X(1) X(2)
149. New England Journal
of Medicine X(2) X(2)
150. Nouve Presse X(1) X(1)
151. Proceedings of the
Society for Exp.
Bicl. & Med. X(3) X(3)
152. Quarterly Journal of
Medicine OM - [ED ED ED ED
153, Scandinavian Journal
of Clinical Invest. X({3) X({3)
154. Proceedings of the Royal
Society of Medicine oM - ED |ED |ED |ED
155. Postgraduate Medical
Journal X{(2) X(1)
156. Schweizerische Medi-~
zinische Wochenschrift X(1) Xx(1)
HEMATOLOGY
157. Blood X(3) X(3)
158. British Journal of
Haematology X(3) X(3)
159. Thromboses et Diath-
esis Haemorrhagica OM - [ED ED ED ED NCN |NCN
160. Thrombosis Haematosis X(3) X(3)
161, Thrombosis Research X(3) X(3)
162. Transfusion X(1) X(1)
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163. Scandinavian Journal of
Haematology X(2) X(2)
164. Acta Haematologica -
Basel X(3) X(3)
165. Vox Sanguin X(3) X(3)
IMMUNOLOQY
166. Cellular Immunology OM - |[ED ED ED ED X
167. Journal of Immunology X(3) X(3)
168. Journal of Experimental
Medicine X(3) X(3)
169. Journal of Infectious
Diseases X(3) X(2)
170. Journal of the Reticulo~
endothelial Society OM - [NCE |[NCE |NCE |NCE X
171. Transplantation X(1) X(3)
172. Transplantation
Proceeding X(1) X(3)
173. Transplantation Review X(1) X(3)
174. Immunology X(3) X(3)
175. Immunochemistry X(3) X(3)
176. European Journal of
Immunology X(3) X(3)
177. Clinical and Experimental
Immunology X(3) X(3)
NUTRITION
178. American Journal of
Clinical Nutrition X(2) X(4)
179. British Journal of
Nutrition OM ~ |NCE |NCE |[NCE |NCE X
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180. Journal of Nutrition OM - [ED ED ED ED X
181. Proceedings of the

Nutrition Society X(2) (4)
182. Journal of the American

Dietetic Assn. OM - |[ED ED ED ED X

MOLECULAR BIOLOGY

183. Lipids X(4) X(4)
184, Journal of Lipids

Research x(4) X(4)
185. Journal of Molecular

Biology X(4) X(4)
186. Nucleic Acid Research X(4) X(4)
187. Molecular Biology X(4) X(4)
188. Molecular and Cellular

Biology X(4) X(4)
189, Molecular and Cellular

Biochemistry X(4) X(4)

MICROBIOLOGY

190. Annual Review of

Microbiology X 14) X(4)
191. Applied Microbiology X(3) Xx(4)
192. Archives of Microbiology X(4) X(4)
193. J. Applied Bacteriology X(3) x{4)
194, J. Bacteriology x(4) X(4)
195. J. General Microbiology Xx(4) X(4)
196. Can .J. Microbiol. X(3) x(4)
197. Bacteriol. Reviews X{4) X(4)
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198.

199.

200.

201.

202.

203.

204,

205.

206.

207.

208,
209.

210.

211.

212.

Current Topics in
Microbiology oM -

J. Medical Microbiology

Zentralblatt fur Bakteri-
ologie Parasitenkunde,
Infektion Krankheiten
und Hygiene Erste Abtei-
lung Originale OM -

NEPHROLOGY

Kidney International
Nephron

OBSTETRICS AND GYNECOLOGY

NCN |NCN |[NCN | NCN

X(2)

X(3)

INCE | NCE | NCE | NCE

X{3)

X(3)

X(2)

X(2)

American Journal of
Obstetrics and Gynecol.

Obstetrics and Gynecology

British Journal of
Obstetrics & Gynecology

Acta Obstetrics et

X(2)

X(2)

X(1)

X (1)

X(1)

X (1)

Gynecological Scand. OM- hCE NCE |NCE |NCE

Clinic in Obstetrics
and Gynecology

Gynecologic Oncology

Archives of Gynecology

Journal of Obstetrics and
Gynecology of the

British Commonwealth OM-

NEUROLOGY & NEUROSURGERY

X(1)

X(2)

X(2)

X(2)

X(2)

INCE | NCE |NCE |NCE

X(2)

Acta Neuro Pathologica

Brain

X(4)

X(3)

X(2)

X(2)
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213. Brain Research X(3) X(4)
214. Neurology X(2) X(2)
215. Vision Research % (4) X{4)
216. Journal of Neuro-
physiology x(1) X(4)
217. Journal of Neurochemistry [X(4) x(4)
218. Experimental Neurology X(4) X(4)
219. FElectroencephalography
and Clinical Neuro-
physiology - EEG
Journal X(3) X(3)
220. Experimental Brain
Research X(3) X(4)
221. Journal of Comp.
Neurology X(4) X(4)
222. Review of Neurology oM - [ED ED ED ED X
OPHTHALMOLOGY
223, American Journal of
Ophthalmology X(1) X(2)
224, Archives of Ophthal-
mology oM -[ED |ED | ED |ED X(2)
225, British Journal of
Ophthalmology X(2) X(2)
226. Acta Ophthalmologica-
Kobedheufn
227. Experimental Eye Research X(3) X(3)
228, Investigative Ophthal-
mology X(3) X(3)
229. Investigative Ophthal-
mology & Visual Res. X(3) X(3)
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230. Ophthalmologica X(2) | X(2)
231. Ophthalmology X(2) | X(1)
232. Klinische Monatsblatder
fur Angen. OM - NCE |NCE |(NCE |NCE X
OTORHINOLARYNGOLOGY
233. Acta Oto Laryngologica X(2) X(2)
234. Annals of Otology,
Rhinology & Laryngology X(2) X(2)
235. Larynsgoscope X(1) X(1)
236. Archives Otolaryngology X(1) X(1)
ORTHOPEDICS
237. Journal of Bones and
Joint Surgery X(1) X(1)
238. Clinical Orthopaedics
and Related Res. X(2) X(2)
239, Acta Orthopaedica Scand. X(1) X(1)
ARTHRITIS AND RHEUMATISM
240. Annals of the Rheumatic
Diseases X(1) x(2)
241. Arthritis and Rheumatism X(1) KAL)
242. Journal of Rheumatoclogy X(1) X(1)
243, Revue du Rhumatism et de
Maladies Osteo. Art. X(1) X (1)
PATHOLOGY
244, American Journal of
Clinical Pathology X(2) X(2)
245, American Journal of
Pathology X(3)
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246. Archives of Pathology X(2) X(2)
247. British Journal of

Experimental Pathology X(3} X(3)
248. Experimental and

Molecular Pathology OM - ED |ED |ED |ED X
249. Laboratory Investigation X{(3) X(3)
250. Pathologie et Biologie X(2) X(3)
251. Journal of Pathological _

Bacteriology OM - [NCE |NCE [NCE [NCE X(3)
252, Journal of Pathology X(3) X(3)
253. Acta Pathological

Scandinavica X(3) X(3}

PHARMACOLOGY

254. Archives Internationales

de Pharmodynamie et de

Therapie OM - NCE |NCE |NCE {NCE X {3)
255. Biochemical Pharmacology X(3) X(3)
256. British Journal of

Pharmacology X{3} X (3}
257. Mclecular Pharmacology X(4) X{3)
258. Pharmacological Review X(3) X(3)
259. Psychopharmacology X(3) X(3)
260. Toxiceology and Applied

Pharmacology X (3} X(3)
26l. Nannyn-Schmiedeberygs

Archives of Pharmaccl, X(3) %{(3)
262, Pharmacology Bioechmistry

and Behavior
263. Journal of Pharmacclogy

& Experimental Therapeut. X(3) X{3)
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264. Journal of Pharmacy

and Pharmacology X(3) X(3)
265. European Journal of

Pharmacology X{3) X(3)
266. Clinical Pharmacology and

Therapeutics X(2) X(2)
267. Journal of Antibiotics OM- [ED ED ED ED X(4)

PHARMACY

268. Chemical and Pharmaceuti-

cal Bulletin X(3) X(3)
269. Journal of Medicinal Chem. X(3) x(3)
270. Journal of Pharmaceutical

Sciences X(3) X(3)
271. American Journal of

Hospital Pharmacy X(1) X(1)
272. Yakugaku Zasshi - J.

Pharmaceutical Soc. Jap. X(3) X{3)

PEDIATRICS

273. Acta Paediatrica

Scandinavica X{3) X(2)
274, Amer. J. of Diseases

of Children x{23 X(2)
275. Arch. of Diseases in

Cchildhood X{2) X{2)
276. Clinical Pediatrics X(1l) X(1)
277. Pediatric Research X(3) X(3)
278. Pediatrics X(2) X{2)
279. Pediatric Clinic of

North America X(1)
280. Journal of Pediatric Surg. X(1) X(1)
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281. Journal of Pediatrics X(2) X(2)
282. Biological Neonate OM - ED ED ED ED X
PHYSIOLOGY

283. Acta Physiologica

Scandinavica X (4) X(4)
284, American Journal of

Physiology X (4) X(4)
285. Annual Reviews of

Physiology X (4) X(4)
286, Canadian Journal of

Physiology X (4) X(4)
287. Journal of Applied

Physiology X(3) X(4)
288. Journal of General

Physiology X (4) X(4)
289, Journal of Physiology X(4) X(4)
290. Quarterly Journal of

Physiology X(4) x(4)
291. physiological Reviews X (4) X(4)
292. Pflugers Archiv-European

Journal of Physiology X (4) X(4)
293. HSZ Physiology Chem. x(4) x(4)

PSYCHIATRY

294. Acta Psychiatrica Scan-

dinavica X(2) X(2)
295. American Journal of

Orthopsychiatry X(1) X(1)
296. Archives of Neurological

Psychiatry X(2) X(1)
297, British Journal of

Psychiatry X(2) X(1)
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298, Journal of Nervous and
Mental Diseases

299, Psychosomatic Medicine

300, International Journal
of Psychiatry

301. American Journal of
Psychiatry

302, Biological Psychiatry

303. Diseases of the Nervous

System OM -

PARASITOLOGY

304. Journal of Parasitology
305. Exp. Parasitology

306. Parasitology

307. Int. J. Parasitology

308. Journal of Proto-

zoology oM -

RESPIRATORY SYSTEM

309. American Reviews of
Respiratory Diseases

310. Respiration
311. Respiratory Physiology

312. Scandinavian J. of
Respiratory Diseases

313. Thorax

RADIOLOGY AND NUCLEAR
MEDICINE

314. Acta Radiological

X(2)

X(1)

X{2)

X(2)

X(1l)

X(1)

X(2)

X(1)

X(3)

X(2)

ED

ED

ED

ED

X(1)

X(4)

X(4)

X(4)

X(4)

X (4)

X(4)

X(4)

X(4)

NCE

NCE

NCE

NCE

X(4)

X(2)

X(2)

X{(1)

X(1)

X (4)

X(4)

X(2)

X(2)

X(2)

X(1)
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315. British Journal of
Radiology X(2) X(2)
316. Int. Journal of
Radiation Bioclogy X(4) X(4)
317. Int. Journal of
Radiation Oncology ©OM - ED [|ED JED |ED - | == | == =
318. Journal of Nuclear
Medicine X(2) X(2)
319. Radiology X(2) X(1)
320. Radiation Research X (4) X(4)
321. American Journal of
Roentgenology X(1) X(1)
322. Acta Radiologica-Oncology 1
Radiation Physics & Bio. [X(4) | X(1)
323, Internétional J. of App.
Radiation and Iso-
topes oM - ED |ED |ED |ED #
SURGERY
324, American Journal of I
Surgery X(1) X(1)
325. Annals of Surgery x(1) |f X(1)
326. British Journal of
Surgery X(1) X(1)
327. Archives of Surgery X(1) X(1)
328. Acta Chisurgica
Scandinavica NCE X(2)
329. Surgery X(1) X(1)
330. Surgery Gynecology &
Obstetrics X(1) X(1)
331. Surgical Clinica of
North America X(1) X(1)
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332. Surgical Forum

333, Journal of Thoracic and
Cardiov. Surgery

URCLOGY
334. Journal of Urology
335. Investigative Urology

336. Urological Clinics of
North America

337. Scandinavian Journal
of Urclogy & Neph-
rology oM -

338. British Journal of
Uroclogy

339. Urology
VIROLOGY

340. Acta Virologica

341. J. Gen. Virology

342. J. Virology

343, Virology

MICROSCOPY

344. J. Elect. Microscopy

345. J. Microscopic Organism
GENERAL

346. Nature

347, Nature -- Biology

348, Science

349, Proceeding National
Acad. Science USA

X(3)

X(1}

X (1)

X{1)

X{3)

x{2)

X(1)

X{1)

ED

ED

ED

ED

X{1)

X{1)

X{1)

X{L)

X{(4)

X(4)

X(4)

x(4)

x(4)

X({4)

X(4)

x{4)

X{4)

X(4)

x(4)

x{4)

X{4)

X(4)

Xt4)

X(4)

Xi4)

X{4)

X4)

®(4)

202




BIBLIOGRAPHY

Research Materials Consulted and Cited

Allen, T. J. "Organizational Aspects of Information Flow
in Technology." ASLIB Proceedings 20 (November 1968):
433-453,

Annual Review of Biochemistry Vol. 1. (California: Stanford
Univ. Press, 1932); pp. v=-vi.

Barlup, Janet. "Relevancy of Cited Articles in Citation
Indexing." Bulletin of the Medical Library Association
57 (1969): 260-63.

Barr, K. P. "Estimates of the Number of Currently Available
Science and Technology Periodicals." Journal of Docu-
mentation 23(2) (1967): 111-116.

Bayer, Alan E. and Folger, John. "Some Correlates of a
Citation Measure of Productivity in Science." Sociology
of Education 39 (1966): 381-390.

Bell, D. "Teletext and Technolcgy." Encounter, 48 (1977):
9-29,

Bernard, Claude. An Introduction to the Study of Experimental
Medicine, Translated by Henry Copley Green, with an
introduction by Lawrence I. Henderson. New York: Dover
Publications, Inc. 1957 p. xviii.

Bernstein, L. M. et al. "The Hepatitis Knowledge Base: A
Prototype Information Transfer" Annals of Internal
Medicine 93 (1980): 169-181.

Betram, Sheila J. K. The Relationship Between Intra-Document
Citation Location and Citation Level. Ph.D. Disserta-
tion, University of Illincis at Urbana-Champaign, 1970.

Bradford, S. C. "Sources of Information on Specific Sub-
jects." Engineering 137 (1934): 85-86.

Brennen, P. W. and Davey, W. P. "Citation Analysis in the
Literature of Tropical Medicine." Bulletin of the
Medical Library Associaticn 66(1) (1978): 24-30.

Brodman, E. "Choosing Physiolcgical Journals." Medical
Library Association Bulletin 32 (1944): 479-483.




205

Brooks, Harvey. "Applied Research Definitions, Concepts and
Themes" in Applied Science and Technological Progress,
Report to the Committee on Science and Astronautics,
U.S. House of Representatives, by the National Science
Foundation, June 1967 Washington, D.C.: 1967, Govern-
ment Printing Office, p. 44.

Brown, L. "Opening Session Address" Proceedings of the
International Conferences on Scientific Information,
November 16~21, 1958. Wasaington, D.C.: Natioconal
Academy of Sciences, 1959, p. 3.

Cason, Husley, and Lubotsky, Marcella. "The Influence
anéd Dependence of Psychological Journals on Each Other."
Psychological Bulletin 33 (1936): 95-103.

Castellan, N. John. SMISSIS: 3ymbolic Matrix Interpretive
System; 2nd ed. August 1974,

Chernin, E. "A Worm's Eye View of Biomedical Journals.”
Proceeding of Federation of the American Society of
Experimental Biology 34(2) (1975): 124-30.

Cherry, C. On Human Communication: A Review, A Survey and
A Criticism. 3rd ed. Massachusetts: M.I.T., I§;§,
374 pp.

Clayton, A. and Nisenoff, N. A Forecast of Technology for
the Scientific and Technical Information Communities
4 vols. Arlington, Va: Forecasting International
Inc., 1976.

Cole, F. J. and Eales, Nellie B. "The History of Comparative
Anatomy." Science Progress 11 (1917): 578-596.

A_comment made by one of the Biomedical Scientists who par-

ticipated in classifying the journals at pre-testing
stage.

A comment made by one of the Biomedical Scientists who
participated in classifying the journals.

Comroe, J. H. Retroapéctroscope: Insights Into Medical
Discovery. Melo Park, California: Van Gehr, 1977, 182 pp.

Comroe, J. H. and Dripps, R. D. "Scientific Basis for the
Support of Biomedical Science" Science 192 (1976):
105-111.

Cozzens, S. et al., Citation Analysis: An Annotated Biblio-
raphy 2nd ed. Philadelphia: Institute for Scientific
Information, 1978.




206

Crane, Diane. Invisible Colleg2s: Diffusion of Knowledge
in Scientific Communities. Chicago, Illinois: The
University of Chicago Press, 1975, 213 pp.

Crawford, S. Informal Communication Among Scientists in
Sleep Research, Journal of the American Society for
Information Science, 22 (September/October, 19 s
301-310.

Davies, David. "Citation Idiosyncrasies," Letter to the
Editor. Nature 228 (1970): 1356.

Deutsch, Karl W. "Scientific and Humanistic Knowledge in
the Growth of Civilization," in Science and the Creative
Spirit, ed. Harcourt Brown. Toronto: University of
Toronto Press, 1958, pp. 3-51.

Edwards, Shirley A. et al., "Measuring the Performance of
Researchers." Research Measurement 16 (1973): 34-41.

Etzioni, Amitai. "The Need for Quality Filters in Infor-
mation Systems." Science, 171 (1971): 133,

Excerpta Medica. Lists of Biomedical Science Journals
Abstracted in 1980; Lawrenceville, N.U. Excerpta
Medica, 1980-81, 33 pp.

Flexner, Abraham. Medical Education in the United States
and Canada. A Report to the Carnegie Foundation for
Advancement of Teaching with Introduction by Henry S.
Pritchet, President of the Foundation. New York, 1910,
346 pp.

Fox, Theodore. Crisis in Communication: The Functions and
Future of Medical Journals. London: Athletic Press,
1965, 59 pp.

Freund, John E. Modern Elementary Statistics, 3rd ed.
Englewood Cliffs, New Jersey: Prentice-Hall, Inc.,
1967, pp. 193-195,

Garfield, Eugene. "Citation Indexes in Sociological and

Historical Research." American Documentation 14 (1963):
289-91.
Garfield, E. "ISI's Online System Makes Searching so Easy

Even a Scientist Can Do It: Introducing METADEX Auto-
matic Indexing and ISI/BIOMED SEARCH." Current Con-
tents 5 (1981): 5-8.

Garfield, E. "I.S.I.'s Atlas of Science May Help Students
in Choice of Career in Science."” Essays of an Infor-
mation Scientist 2 {(1977): 311-314,




207

Garfield, E. et al. The Use of Citation Data in Writing
and the History of Science. Philadelphia: Institute
for Scientific Information, 1964,

Goffman, William. The Ecology of the Biomedical Literature
and Information Retrieval. 1In Coping with Biomedical
Literature: A Primer for the Scientist and the Clin-
ician. ed. Kenneth S. Warren New York: Praeger,
1981, 233 pp.

Goffman, William and Newill, Vaun A. "Generalization of
Epidemic Theory: An Application to the Transmission
of Ideas." Nature 204 (1964): 225-228.

Goffman, W. "Mathematical Approach to the Spread of Scien-
tific Ideas - The History of Mast Cell Research."
Nature 212 (1966): 449-452,

Gottschalk, C. M. and Desmond, W. F. "World wide Census of

Science and Technology Serials" American Documentation,
14(3) (1963): 188-194,

Gregory, Jennie. "An Evaluation of Medical Periodicals.”
Medical Library Association Bulletin 25 (1936-37):
172-188.,

Griffith, B. C. and Mullins, N. C. "Coherent Social Groups
in Scientific Change." Science, 177 (1972): 959-964.

Griffith, B. C. and Others. "The Structure of Scientific
Specialties Literature, IT: Towards a Macro and Micro=-
Structure of Science. Science Studies 4 (1974): 339-365.

Gross, P. L. K. and Gross, E. M. "College Libraries and
Chemical Education." Science 66 (1927): 1229-1234,

Henkle, Herman H. "The Periodical Literature of Biochemistry."
Medical Library Associaticn Bulletin 27(2) (December
1938) : 139-147.

Herlach, Gertrud. "Can Retrieval of Information From Citation
Indexes be Simplified?” Jcurnal of the American Society
of Information Science 29 (1978): 308-10.

Hjerppe, Roland. A Bibliography of Bibliometrics and Citation
Indexing and Analysis. Stockholm: The Royal Institute
of Technology Library, December 1980, 163 pp.

Houghton, Bernard. Scientific Periodicals: Their Historical
Development Characteristics and Control. London:
Clive Bingley Ltd., 1975, 135 pp.

Indiana University, Bloomington Faculty Directory 1982/83.
Bloomington, Indiana, 1983,




208

Indiana University School of Medicine. 1982/83 Faculty
Directory; Bloomington, Indiana University, 1983.

Institute for Scientific Information Science Citation
Index; Guide to Source Publication 1980. Philadelphia:
Institute for Scientific Information, I98¢, 149 pp.

Institute for Scientific Information. Journal Citation
Report Veolume l4. Definition of Terms, 1982.
Philadelphia: Institute for Scientific Information,
1982, pp. 12A-14A.

Institute for Scientific Information. Lists of Biomedical
Science Source Journals in 1980, Philadelphia: Tnsti-
tute for Scientific Information, 1980, 12 pp.

Institute for Scientific Informaticon. "Science Citaticon
Index." Started publication in 1961 and this has since
expanded to include 14 volumes of indexes annually,
Philadelphia, Institute for Scientific Information,
1961~ .,

Interactions of Science and Technology in the Innovative
Process: Some Case Studies; Final Report to the
National Science Foundation, prepared by Battelle
Columbus Laboratories, Columbus, Ohio, 1973,

Jacobi, Abraham. "The History of Pediatrics and its Relation
to Other Science and Arts." Archives of Pediatrics
68 (1951): 134-50.

Jahn, M, Changes With Growth of the Scientific Literature
of Two Biomedical Specialties, MSc Thesis, Drexel
University, 1972,

Kessler, M. M. "Bibliographic Colupling Between Scientific
Papers." American Documentation 14 {(1963): 10-25.

Kessler, M. M. Some Statistical Properties of Citations in
the Literature of Physics. Statistical Asscciation
for Mechanical Documentation. Symposium Proceedings
269 (1l964); 133-198. '

Kuhn, Thomas S. The Structure of Scientific Revolutions.
Second Edition, Enlarged., <Chicago, Illinois: Univer-
sity of Chicago Press, 1970, 172 pp.

Lancaster, F. W. Toward Paperless Information System,
Library and Information Science Series. New York:
Academic Press, 1978, 179 pp.

Leontief, Wassily W., "Quantitative Input-Output Relations
’ in the Economic System of the United States." Review
of Economic Statistics 18 (1936): 105-125.




209

Malinowsky, H. Robert et al. "3iomedical Sciences; in
Science and Engineering Literature; Littleton, Colorado:
Libraries Unlimited, Inc., 1976, pp. 207-239.

Martyn, John. "Bibliographic Coupling." Journal of Docu=-
mentation 20 (1964): 236- .

Meincke, Peter P. M. and Atherton, Pauline. "Knowledge
Space: A Conceptual Basis for the Organization of
Enowledge. Journal of the American Society for Infor-
mation Science 27 (1976): 18-24.

Merton, R. K. "Priorities in Scientific Discovery: A
Chapter in the Socioclogy of Science." BAmerican Soci-
ology Review 22 (1957} : 640.

Moravesik, M. J. "Phenomenology and Models of Growth of
Science.” Research Policy 4(1) (1975): 80-86,

Mosteller, Fredrick. "Innovation and Evaluation." Science
211 (l981): 881-886,

Narin, Frances. Evaluative Bibliometrics: The Use of Pub-
lications and Citations 1in the Study of Scientific
Activities. A study done in fulfillment of Contract
NSFC627 Washington, D.C.: National Science Foundation,
March 1976, 338 pp.

Narin, F. et al. "Inter-relationships of Scientific Journals."
Journal of the American Society of Information Science
23 (1%64): 1310-1331,

Plotkin, Frederick. "Comtext Scientific."™ A Manhattan
Based Company founded in 1980 to start electronic jour-
nals data base. 1980.

Price, D. J. D. "Citation Measures of Hard Science, Soft
Science, Technology and None Science." in Communication
Among Scientists and Engireers. eds. Nelson C. E. and
pollock, D. K. Lexington, Massachusetts: C. D, Heath
and Company, 1370, pp. 3-22.

Price, D. J. D. "Is Technology Historically Independent of
Science? A Study in Statistical Historiography."
Technology and Culture 6 (1965): 533-568,

Price, D. J. DeSolla. Little Science, Big Science. New York:
Columbia University Press, 1963, 119 pp.

Price, D. J. D. "Networks of Scientific Papers." Science
149 (1964): 510-515.

Price, D. J. D. Science Since Babylon. New Haven: Yale
University Press, 1961, 215 pp.




210

Price, Derek de Solla., Unpublished Studies, New Haven:
Yale University, 1964-1967,

Price, Derek de Solla. "Why Does Science Cumulate?”
Unpublished Manuscript, 1963.

Quine, W. V. "Paradoxes of Plenty” Daedalus 103 (1974):
38"40!

Rogers, F. B. and adams, S. "The Army Medical Library
Publication Program" Texas Report on Biology and Med-
icine 8 (1950): 271-300.

Sen Gupta, I. M. '"Pactors Determining Changes in Ranking
of Scientific Periodicals: A Study in Relation to
Biomedical Jeournals During the Post-War Perijiod."”
International Library Review 3(3) (1971): 271-85.

Sen Gupta, I. N. "Ranking of Periodicals in the Field of
Biomedical Sciences from the Indian Scientist's Point
of View: An Analysis of Data for 1959-68." UNESCO
Bull, Libr. Assoc. 66(1l) (1978): 24=30,

Shannon, James A. "Medical Research, Some Aspects that
Warrant Public Understanding," (19-25); in Reader in
Medical Librarianship, ed. by Winifred Sewell: Reader
Series 1n Library and Information Science, Washington,
D.C., NCR/Microcard Editions; 1973, pp. 19=-25.

Sherwin, C. W. and Iseuso, R. S, "Project Hindsight: A
Defense Department Study of the Utility of Research."
Science 156: {June 23, 1967): 1571-1577,

Shilloh, A. "The Plague of Print." New Scientist 14(1962):
169-171.

Small, H. G. "Application of BRibliometric Methods to the
Analysis and Tracing of Scientific Discovery." Unpub-
lished paper. 1982.

Small, Henry. "Co-citation in the Scientific Literature:
A New Measure of the Relationship Between Two Documents.™
Journal of the American Sgciety for Information Science
24 (1973): 265-269.

Small, H., G. "A Co-citation Mcdel of a Scientific Specialty:
A Longitudinal Study of Ccllagen Research.” Social
studies Science 7 (1977): 139-166.

Small, M. G. Nuclear Physics in the Physical Review 1927~
1940. Unpublished Report of a Study at the American
Institute of Physics; 1970.




211

Small, H. G. and Griffith, B. C. "The Structure of Scien-
tific Literatures I: TIdentifying and Graphing Special-
ties." Science Studies 4 (1974): 17-40.

Sobotka, Harry and Stewart, C. P. (eds.). Advances in
Clinical Chemistry Vol 1. New York: Academic Press,
1958, pp. vii-viii,

Soper, Mary E. "Characteristics and Use of Personal Collec-
tions." Library Quarterly 46 (1976): 397-415.

Steel, Robert G. D. and Torrie, James H. Principles and
Procedures of Statistics with Special References to
Biological Sciences. New York: McGraw Hill Book
Company, Inc., 1960, pp. 23-193,

Storer, Norman, W. "The Hard Sciences and the Soft: Some
Sociological Observations" Bulletin of the Medical
Library Association 55 (1967): 75-84.

Technology in Retrospect and Critical Events in Science v.
1; P i1 hereafter referred to as TRACES. Report to
the National Science Foundation, prepared by Illinois
Institute of Technology Research Institute, 1968,

Telephone Director, Monroe County Areas. Bloomington,
Indiana, 1980-81.

Thomas, James W. and Thomas, Ann M. "Finite Mathematics."
The Leontief Model. Boston, Allyn and Bacon, Inc.,

1973, PP- 208-300.,

Thorne, Frederik C. "The Citation Index: Another Case of

Spurious Validity." Journal of Clinical Psychology
33 (1977): 1157-61.

Ulrich's International Periodical Directory: A Classified
Guide to Current Pericdicals - Foreign and Domestic
New York: A Bowker Serial Bibliograph; 19th ed., 1980.

Vvan Cott, H. P. and Zavala, A. "Extracting the Basic Struc-
ture of Scientific Literature." American Documentation
19 (1968): 247-262.

Virgo, Julie. A Statistical Procedure for Evaluating the
Importance of Scientific Fapers. Ph.D. Dissertation,
University of Chicago, 1974.

Voigt, M. J. "Scientific Pericdicals as a Basic Requirement
for Engineering and Agricultural Research." College
and Research Libraries 8 (1947): 354-59.

Voos, Henry and Dagaev, Katherine S. "Are All Citations
Equal? or Did We Op. Cit. Your Item?" Journal of
Academic Librarianship 1 (1976): 19-21.




212

Wagner, Robert R. "The Basic VMedical Sciences, the Revolu-
tion in Biology, and the Future of Medical Education."”
Yale Journal of Biology and Medicine 35 (1962): 1-11.

Waldhart, T. J. The Relationship Between the Citation of
Scientific Literature and the Institutional Affiliation
of Engineers. Ph.D. Thesis, Indiana University, 1973.

Warren, Kenneth S. and Goffman, William. "The Ecology of
the Medical Literatures." American Journal of Medical
Science 263(3) (1972): 267-73.

Washburn, Donald. "B ibliography of Dental Journals."
Mississippi Valley Medical Journal 82(1) (1960): 42-50.

Webb, E, J. et al. Unobtrusive Measures: Non-relative
Research in the Social Sciences, Chicago, Illinois:
Rand McNally, 1971 edition, p. 225.

Williams, C. A. and Chase, M. W. (eds.) Methods in Immu-
nology and Immunochemistry Vol. 1l: New York: Academic
Press' 1967’ ppl ix-x.

Williams, M. E. and Brandhorst, W. T. "Data About Data
Bases" Bulletin of the American Society for Information
Science 3(2) (1976): 20-21.

Xhignesse, Louis V. and Osgood, Charles E. Bibliographic
Citation Characteristics of the Psychological Network
in 1950 and 1960." American Psychologist 22: 778-791l.

Ziman, J. M. "Information, Communication, Knowledge"
Nature 224 (1969): 318-324.

Research Materials Consulted But Not Cited

Adam, Scott. Medical Bibliography in the Age of Discon-
tinuity, Chicago: Medical Library Association, 1981.

Hagstrom, W. The Scientific Community. New York: Basic
Books, 1965.

Garfield, E. Citation Indexing: Its Theory and Application
in Science, Technology and Humanities. New York:
John Wiley & Son, 1979.

Garfield, E. "Citation Analysis as a Tool in Journal Evalua-
tion." Science 178 (1972): 471-478.

Garfield, E. Essays of an Information Scientist, vols. i-v:
Philadelphia: I.S.I. Press.




213

Garvey, William D. Communication: The Essence of Science.
New York: Perganon Press, 1978.

Ingelfinger, Franz J. "Medical Literature: The Campus
Without Tumult.” Science 169 (1972): 1403-1405.

Kochen, Manfred "Stability in the Growth of Knowledge."
American Documentation 20 (1969): 186-197.

Marquis, D. Q. and Allen, T. "Communication Patterns in
Applied Technology." American Psychologist 21 (1966):
1052-1060.

Popper, K. R. Objective Knowledge: An Evolutionary Approach.
London: Oxford University Press, 1972.

Pritchard, A. "The Growth of Computer Journal Publishing"”
NCC Interface, 1971.

Reif, F. "The Competitive World of Pure Scientists." Science
134 (1961): 1946-1962.

Ziman, J. M. Public Knowledge: The Social Dimension of
Science, Cambridge: Cambridge University Press, 1968.

Ziman, J. M. "The Proliferation of Scientific Literature:
A Natural Process" Science 208 (1980): 369-371.



VITA

Daniel Newton Obaka was born on September 22, 1945, in
Dekina, Nigeria, where he received his elementary and high
school education. 1In 1972, he was awarded the Bachelor of
Science degree from the Ahmadu 3ello University, Zaria, Nigeria
with double majors in Mathematics and Physics. He went to
teach in high school until 1974 when he joined the Univer-
sity Library of the Ahmadu Bello University, Zaria as Graduate-
Assistant-Librarian-in-Training. While working there, he
attended the Library School at the University and received
his Masters in Library Science in 1979. He joined as the head
of Medical Library of the Ahmadu Bello University Medical
School, Zaria, in 1977.

He remained at the Medical Library of the Ahmadu Bello
University Medical School until 1979, at which time he was
awarded scholarship and study fellowship to undertake a study
leading to Doctor of Philosophy in Library and Information
Science at Indiana University. His inside major was Medical
Librarianship/Information Science and inside minors were Inter-
national Librarianship, Education fof Librarianship and Special
Librarianship. His outside minor was History and Philosophy
of Science.

Mr. Obaka received his Doctor of Philosophy degree in
1983 from Indiana University.

He works at the Medical School of Ahmadu Bello University,
Nigeria as both the Medical Likrarian and head of Medical

Libraries.



