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BIBLIOMETRICS,THE SCIENTIFIC STUDYof recorded discourse, offers much 
promise for enhancing university curricula in the informational 
domain. This promise involves two dimensions of empirical knowl- 
edge, a theoretical dimension and a practical dimension, and so ought 
to interest not only researchers and educators but professional practi- 
tioners as well. This promise issues from the special nature of empirical 
knowledge, by which ideas about the world can be related to practical 
activity. The special nature of such knowledge is derived from what 
might be called a metatheory about the logic of inquiry.’ This metathe- 
ory is outlined below. 

Bibliometrics taken as theoretical knowledge is the quantitative 
characterization of the properties of recorded discourse. Quantitative 
characterization is the setting forth of probabilistically true ideas about 
selected phenomena. These ideas express patterns, tendencies and regu- 
larities that are said to be inherent in the phenomena. Such ideas, 
because they describe general qualities, form “empirical theory” or just 
“theory.” Maccia (now Steiner) and Maccia put i t  this way: “Under- 
standing should lead to explanation, because understanding provides 
relationships or regularities which make sense of our happenings. To 
explain is to appeal to regularities, i.e., to appeal to theory.”2 Thus, the 
objective of bibliometrics as a scientific study is to produce ideas-that 
is, theory-about recorded discourse and its various important 
properties. 

Alvin M. Schrader is a doctoral candidate, School of Library and Information Science, 
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In addition, bibliometrics is considered to have promise in the 
realm of practical knowledge, because theory permits control. More is 
involved, however, than simply theory. A developmental bridge is 
required by which theoretical knowledge is related to both the means 
and the ends of the proposed practice. It is not only the effectiveness of a 
practice that must be considered, but also its intrinsic merit, for a 
practice is a system of human acts devised to bring about an intended 
condition, and so involves values. This linking process from theory to 
practice is described as development inquiry, operations research, or 
systems analysis, though the latter two terms have generally connoted a 
much narrower perspective of means-oriented research only. 

If bibliometrics as seen in the context of metatheory has theoretical 
and practical dimensions, that i t  can contribute both to our intellectual 
understanding and to the control of professional activity, then it is 
plausible that bibliometrics contains elements of a scientific discipline, 
or, at least, for undergirding such a discipline within the domain of 
informational phenomena and problems. But if bibliometrics has so 
much promise, where is the spark that will inspire curiosity and consen- 
sus about this domain, and launch the needed programs of empirical 
inquiry? 

The missing ingredient is the collective imagination and commit- 
ment of our community of educators and researchers. True, under the 
disciplinary umbrella of information and library science, one can iden- 
tify a small (and growing) constituency of enthusiasts who take as 
self-evident the power of quantitative research to enhance thinking 
about informational phenomena and problems. Unfortunately, how- 
ever, most members of this amorphous scholarly community have pro- 
ceeded through graduate school and on to professional practice and 
teaching and research without even seeing the term bibliometrics in 
print. They still speak of universal bibliographic control as though i t  
were a meaningful concept, and do not accept the notion that recorded 
discourse consists of a set of many overlapping literatures, each of which 
exhibits a statistical structure. 

This unsatisfactory condition is exacerbated by library school doc- 
toral programs which, with few exceptions, are still very weakly com- 
mitted to quantitative research in general-and even more weakly 
committed to bibliometrics in particular. There are many impediments 
within the graduate library schools to the attainment of scholarly excel- 
lence in mainstream academia. These impediments add up to an inven- 
tory of neglect and intellectual confusion. Among the most relevant to 
teaching bibliometrics are present library school curricula, research 
methods textbooks, and the professional literature. 
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With respect to curricula, only a few library schools offer a biblio- 
metrics course, and almost always on an ad hoc basis; some individual 
faculty have inserted isolated components into traditional courses. The 
directory of the Association of American Library Schools for 1980 did 
not list bibliometrics in its classification of teaching areas.’ This is an 
important indication of scholarly attitudes toward it. 

A second illustration of impediments to bibliometrics concerns 
research methods textbooks. In the one most recently published for 
graduate library school students, Busha and Harter4 devote only one- 
half page to bibliometrics, while other methodologies receive much 
greater priority: five pages for content analysis, a 20-page chapter for 
operations research, and a 30-page chapter for historical method. Such a 
long discussion of historical method, enigmatic in the context of gradu-
ate education for information professionals in the 1980s world of scien-
tific advance and managerial accountability, reflects persistence of the 
old library school ideology, an ideology of 100percent bookcollections, 
scholar-librarians, parochial history essays, and white gloves. 

Another impediment to bibliometrics in library schools concerns 
the professional literature and its bibliographic control. The Journal of 
Education for Librurianship, for example, has published over the past 
twenty years something less than a handful of articles which employed a 
bibliometric analysis, and none at all which investigated a bibliometric 
methodology and its assumptions. Another similar indicator of the 
absence of interest among educators and researchers in bibliometrics is 
the fact that only one comprehensive review article, by Narin and Moll: 
has appeared in the Annual Review of Information Science and Tech- 
nology since its inception in 1966-despite their confident prediction in 
that review that future issues would treat bibliometrics in greaterdepth. 
No general reviews at all have appeared in Advances in Librarianship 
since it began in 1970, though for the record i t  should be noted that i t  did 
publish a review of one type of bibliometric application to library 
collection building, by Broadus.‘ 

With respect to bibliographic control of the literature of bibliomet-
rics, Ferrante has indicated that fifty-two synonymous and semisynony- 
mous search descriptors were required to retrieve the relevant 
publications during the period from 1969 (when Pritchard first intro- 
duced the term bibliometrics in place of statistical bibliography7) until 
1977. She noted that: “While Library and Information Science Abstracts 
and Library Literature both picked u p  the term ‘bibliometrics’ by 1971, 
Information Science A bstructs vacillated until 1973 ....Neither ERICnor 
L.C. Subject Headings include the term among their subject 
headings....’& 
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These illustrations of impediments to the introduction of biblio-
metrics into graduate library school curricula can be placed in the larger 
perspective of major weaknesses in the knowledge baseof educators and 
researchers. The major weaknesses are seen to be their atheoretical 
approach to problem-solving and their elementary descriptive 
approach to quantification. 

The atheoretical approach to problem-solving is illustrated point- 
edly by the semantic confusion in the literature between theory and 
philosophy, in that pleas for a philosophy of library scienceare taken to 
be pleas for theory, and the terms are used interchangeably. Philosophy, 
however, is value theory and is sorted out in logic and epistemology 
from empirical theory, so that ideas about what ought to be and what 
ought to be done are differentiated from ideas about what exists in the 
world. Value theory is not a substitute for empirical theory, but rather, 
as has been demonstrated already, is a necessary complement in develop- 
ment inquiry which links theory to practice. In any event, pleas for a 
philosophy of library science have usually boiled down to weak 
attempts to rationalize the genteel empiricism in which educators and 
researchers have functioned since the 1870s. 

A second major weakness concerns educators’ and researchers’ tra- 
ditionally elementary approach to quantification. The charge is fre- 
quently made that librarians are hostile to numeracy and quantitative 
research, but this charge seems inadequate as a description of practition-
ers’ attitudes toward quantitative expression. In fact, numbers as quan- 
tifiers of library activity and library services are not merely 
simple-mindedly avoided or despised, but on the contrary are univer- 
sally employed to describe such variables as library holdings, book 
circulation and salaries. The problem is not professional hostility, fear, 
anxiety, or other psychoanalytic peculiarities brought by students to 
graduate library schools. The problem is that educators and researchers 
have left the professional community innumerate and deficient in deal- 
ing adequately with quantification. How can graduates go beyond 
elementary description of data if they have not been educated todo so? 
How are they to learn that mere datacollection is not the complete act of 
research if their educators teach that i t  is? How are they to come to an 
understanding of what Cole and Eales’ meant in 1917 by a “statistical 
analysis of a literature”? Or what Hulme” meant in 1923 by “statistical 
bibliography of scientific literature” for documenting the history of 
science? Or what Lotka” meant in 1926 by the “logarithmic frequency 
distribution” of scientists’ productivity to the progress of science as 
indicated by publications? Or what Bradford” meant in 1934 by the 
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“law of distribution of papers on a given subject in scientific periodi- 
cals”? Or what Gosnell13 meant in 1944 by treating book collections as 
“populations” with averages and general trends, one of which was that 
book obsolescence rates correspond to an “exponential curve”? 

The quantitative literature-though sparse-has always been 
there. Library school educators and researchers have not. Presumably, 
security of institutionalization in university graduate departments has 
lulled them into complacency with the status quo. However, it is 
altogether probable that the intellectual confusion which has resulted 
from this complacency will not satisfy the academic demands posed by 
an information-consuming world. If the informational community 
eventually attains a higher-order social role, its emergence from atheo- 
retical empiricism and innumeracy may well turn out to emulate the 
history of the medical profession, described succinctly by Thomas: 

For century after century, all the way into the remote millennia of its 
origins, medicine got along by sheer guesswork and the crudest sort of 
empiricism. It is hard to conceive of a less scientific enterpriseamong 
human endeavors. Virtually anything that could be thought up for 
the treatment of disease was tried out atone time or another, and, once 
tried, lasted decades or even centuries before being given up. It was, in 
retrospect, the most frivolous and irresponsible kindof human exper-
imentation, based on nothing but trial and error, and usually result- 
ing in precisely that sequence. Bleeding, purging, cupping, the 
administration of infusions of every known plant, solutions of every 
known metal, every conceivable diet including total fasting, most of 
these based on the weirdest imaginings about the cause of disease, 
concocted out of nothing but thin air-this was the heritage of medi-
cine up until a little over a century ago. It i s  astounding that the 
profession survived so long, and got away with so much with solittle 
outcry.14 

A rationale for moving bibliometrics into the mainstream of gradu-
ate library school curricula has been set forth based on the logic of 
inquiry. Indeed, bibliometric knowledge ought to be integrated into 
existing courses and, at the same time, specialized programs ought to be 
offered at both the MLS and Ph.D. levels for advanced study of both 
theory and methodology. There is a growing body of researchers and 
educators who are utilizing and extending bibliometrics, and some 
scholarly community will no doubt lay claim to this domain in the near 
future. If that scholarly community is not the library schools as pres- 
ently constituted, then there are other plausible claimants, including 
(but not limited to) academic programs of information science, sociol- 
ogy of knowledge, computer science, public policy, education, and 
history and philosophy of science. Indeed, the pioneering advances in 
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relevant theory have so far come from scholars outside the library 
schools, scholars such as Merton in the sociology of science, Kuhn in the 
history of science, and Price in the history of science and medicine. 

If none of the foregoing arguments for teaching bibliometrics has 
been convincing, the only remaining appeal is to an observation attrib- 
uted by Pritchard to Fairthorne: “Numerical data may or may not be 
dull, but they are the only alternative to thumping the tableandaffirm- 
ing one’s intuitions.”15 

Proposal for an MLS Course in Bibliometrics 

The proposal for a course in bibliometrics set forth here is notably 
tentative and pertains to the MLS level; doctoral work in bibliometrics 
should focus on theory construction and testing, and on advancing the 
methodology and statistical techniques. The only previous discussion 
in the literature of teaching bibliometrics was by Aiyepeku,“ but he did 
not furnish an exemplar syllabus, which is the intention of this article. 

Proposed course objectives are: (1) to teach students the basic prin- 
ciples of bibliometrics as related to scholarly literature; (2) to work 
toward the construction of adequate theory of bibliometrics; and (3)to 
review the practical applications of bibliometric methods for informa- 
tion retrieval systems. The emphasis of the course will be on the theoret- 
ical aspects of bibliometrics within the framework of compatible 
research traditions such as epistemology, sociology of knowledge, scien- 
tific communication theories, and history and philosophy of science. 
Students will familiarize themselves with the seminal papers and land- 
mark literature of bibliometrics; examine major problem areas for 
definitions, key assumptions, methodological procedures, and statisti- 
cal distributions; and formulate theoretical statements. 

No course prerequisities are assumed, but much of the substance of 
bibliometrics involves the logic of inquiry and techniques of quantifi-
cation; hence math anxiety should be avoided. Since standard paramet- 
ric statistics are generally not utilized in describing and evaluating 
bibliometric distributions, there is no reason to require advanced famil- 
iarity with them; an understanding of nonparametric statistical tests 
(e.g., Siegel”) and lognormal distributions (e.g., Prate*) would be very 
helpful, but unrealistic torequire of MLS students. At the doctoral level, 
however, learning these nontraditional statistical procedures and distri- 
butions should be a major priority, so that a core of numerate 
researchers can be developed for advancing the theory and methodology 
of bibliometrics. 
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A suggested range of student assignments for the MLS course 
O ~ ~ O W S . ' ~  

. A citation analysis of a library and information science journal with 
respect to core journals, journal-to-journal citation, core of authors, 
journal scatter, or subject dispersion. 

'.	Using the Sweaneym interpretation of Bradford's law, plotting two 
sets of data and calculating possible estimates for the parameters of 
journal variables, articles per zone, and multiplier. Alternate projects 
are plots for Loth 's  law2' or for Pratt's measure of class 
concentration." 

1 .  A bibliographical analysis of the literature of one of the following 
subjects: referencing theories; typologies of citations; citation errors; 
bibliographic coupliiig; cocitation analysis; author collaboration; 
corporate authorship; author institutional affiliation; author disci- 
pline affiliation; obsolescence of literature; and referencing in non- 
scientific literatures. 

dinimum expectations in papers would include the provision of a 
heoretical framework, definition of terms, explication of assumptions, 
Ind a review of related research. Of course, it is anticipated that this 
ssue of Library Trends will also stimulate a variety of ideas that could 
become the focus of student assignments. 

L Syllabus for Teaching Bibliometrics 

The appendix to this paper suggests tentative content and 
bmphases for an MLS course, together with (currently) desirable read- 
ngs. It is noted that few (if any) students will have the time to read 
sverything listed, and so the onus is on the professor to map out a 
nanageable program based on local institutional objectives and priori- 
ies. Introductory remarks are presented for each major segment of the 
x-oposed course in an attempt to identify progress and problems todate. 
The remarks might furnish a starting point for lectures, or they might 
)e revised and distributed to students for reference. 

The major course segments given in the syllabus are: (1)overviewof 
he field, one unit; (2) theoretical framework, two units; (3) research 
raditions: laws and models, five units; (4)research traditions: empirical 
Lescriptions, five units; and ( 5 ) applications for professional practice, 
wo units; for a total of fifteen units. 
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Future Prospects for Teaching Bibliometrics 

The literature of bibliometrics is a rapidly growing one. In 1977 
V O O S ~estimated there were 1400-2400 publications on the subject from 
the nineteenth century to date. Pritchard published a 700-item interim 
bibliography on bibliometrics for the period 1881-1969, and announced 
in 1979 that he is compiling a far more extensive one of 3000-4000items 
as a byproduct of a research degree.“ Hjerppe has published a bibliogra- 
phy of bibliometrics and citation indexing and analysis.% This work 
indicates the growth of the literature and the international activity in 
the field. It also suggests the need by any professor teaching bibliomet- 
rics to keep abreast of new research and to be prepared to discard any of 
the above suggested readings as advances in theory and methodology are 
made. 

In evaluating the literature of bibliometricsand in helping to shape 
future directions of bibliometrir research, educators and researchers are 
encouraged to emphasize the following problem areas: (1  ) theoretical 
formulations to link social communication processes and cognitive 
structures in a field to its literature; (2) research into information 
exchange patterns, multiple and overlapping channels, and informa- 
tion demands; (3) citation behavior and citing theory; and (4)research 
into the properties of varying fields within science and social science, 
and between them and nonscience. Finally, it is suggested that less 
priority be placed on mathematical modeling with limited variables, 
and instead that more emphasis be directed to underlying multivariate 
conceptual dimensions in order to construct a more adequate theory of 
bibliometrics in the context of information transfer processes and 
systems.26 
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Appendix 
BIBLIOMETRICS COURSE SYLLABUSX 

1. Overview of the Field (1 unit) 

This unit focuses on terminology, major concepts and reviews of the 
literature. 

Uncertainty about a variety of variables and their interconnections with 
respect to scientific literatures was the impetus for bibliometric study. Some of 
the initial questions were: Does the literature of a field represent the field? How 
does the growth of a literature relate to the growth of scientific knowledge? What 
are the essential characteristics constituting the structure of a literature? How do 
various literatures compare with respect to structure? Whoare the producers of a 
literature? Who are its users? How are quantityand qualityof literature produc- 
tion related? These and later, more complex questions have attracted the atten- 
tion of increasing numbers of researchers and theoreticians in a wide spectrum 
of academic disciplines. Among current difficult problems are: the functions of 
referencing (intellectual property recognition, persuasion or window dressing); 
the relationship between the cognitive structure of a discipline and its social 
structure, particularly as manifested in communication and publishing pat- 
terns; and the theoretical validity of bibliometrics i n  scholarly nonscientific 
fields. 

The rapidly advancing status of bibliometrics as a scholarly specialty is 
indicated by its large body of literature, now well over 2000 publications, by the 
recent appearance of at least three journals, and by the attendant review litera- 
ture. Particularly exciting is the international makeup of the research front, 
comprising social scientists not only in the United States but also Russia, 
Europe and England. Although bibliometric study began with the literatures of 
the natural and biological sciences, social science literatures have also been 
examined bibliomeuically from time to time. In addition, there have been a 
handful of attempts to apply the various techniques to someof the literaturesof 
the humanities disciplines. 

Although there doesnot appear to be a consensus in the literature on the use 
of the term bibliornetrics, the various other descriptions represent subspecialty 
thrusts. Recently, for example, Narin (1976)introduced the concept of evalua-
tive bibliometrics, which he defined as the quantitative measurement of the 
properties of a literature in order to evaluate scholarly activity in a field. In  
addition, there is the term scientometrics, the scientific analysis of science and 
science policy. The latter focus was embodied in the formation in  late 1978of 
Scientometrics; An International Journal for all Quantitative Aspects of the 
Science ofScience and Science Policy. This is the second of three recent, relevant 
journals. The  first was Social Studies of Science; An International Reuiew of 
Research in the Social Dimensions of Science and Technology (earlier entitled 
Science Studies, from its inception in 1971 until the end of 1974). The third 
journal, although of very recent origin, shows promising relevance. It isentitled 

*A reference to an author during discussion of a unit has been footnoted only if the 
reference does not appear in the accompanying list of readings. 
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Knowledge: Creatton, Diffusion, Utilization, and is aimed at bringing together 
researchers, policy-makers, research and development managers, and other 
practitioners engaged in the process of knowledge development. Of course, 
there are also a number of journals relevant to bibliometrics within the history 
and philosophy of science in terms of theoretical implications, notably the 
British Journal for the History of Science. Another important indicator of 
bibliometrir advance was the inauguration in 1975 of the Society for Social 
Studies of Science, colloquially known as the “4S,” which was reported to have 
attracted over 500 members by the end of its first year. 

A comprehensive review of the literature of bibliometrics was published by 
Narin and Moll (1977), and a survey of developments to date by Hjerppe.’ In 
addition, more than thirty doctoral dissertations and several monographs on 
various aspects of bibliometrics have been published; among the notable mono- 
graphs are those by Price (1963, 1975), Narin (1976), Elkana (1978), Garfield 
(1979), and Garvey (1979). (Twoother monographs haveattempted to presentan 
integrative overview of bibliometrics, Donohue’ and Nicholasand Ritchie? but 
neither has proven ~atisfactory.~ The definitive text awaits an author.) 

Narin (1976) has mapped out three research fronts in the literature of 
bibliometrics (see table 1 ) .  They are: ( 1 )  the size of the scholarly enterprise; (2)the 
properties (i.e., structure) of the literature of eachenterprise; and (3)the produc- 
tivity of scholarly authors. 

Size of scholarly enterprise is generally expressed in terms of national or 
international comparisons among literatures. Recently, attempts have been 
made to correlate scientific productivity of a given country as indicated by its 
scientific literature with national economic- vitality. Such an index may become 
particularly meaningful to the evaluation of progress in underdeveloped and 
middle-power nations. 

The structure of a literature is generally expressed in terms of relationships 
among individual publications or among a set of publications such as journal 
literature, in terms of links between researchers, or in termsof mapsofdisciplin- 
ary phenomena. These relationships and links and maps can be used toidentify 
key events, advances and patterns of scholarly research. Newer work such as 
cocitation analysis and multidimensional scaling can be used for evaluative 
functions as well as description, in comparing productivity among authors, 
journals or organizational entities such as funding agencies, university depart- 
ments, professional associations, or countries. Suggested readings for this unit 
follow. 

Terminology: 
Ferrante, Barbara K. “Bibliometrics: Access in the Library Literature.” Collec-

tion Management 2(Fall 1978):lW-204. 
Garfield, Eugene. “Scientometrics Comes of Age.” Current Contents: Life 

Sciences 1(12 Nov. 1979):5-10. 
Pritchard, Alan. “Statistical Bibliography or Bibliometrics?”Journalof Docu- 

mentation 25(Dec. 1969):348-49. 
Wittig, Glenn R. “Statistical Bibliography-A Historical Footnote.” Iournal of 

Documentation 3(Sept. 1978):240-41. 
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TABLE 1 
CHRONOLOGY TO THE DEVELOPMENTOF MAJOR CONTRIBUTORS OF 

BIBLIOMETRIC OF SCIENTIFIC LITERATURESANALYSES 

Size of the 
Literature Literature 

Structure of the Productivity 

1910 
Cole and Eales 

1920 

1930 

Hulme 
Gross and Gross Lotka 

Bradford 
Wilson and Fred Cason and Lubotsky 

1940 
Gosnell 

1950 
(Bradford) Fussler 

Daniel and Louttit 
(Zipf) 
Lehman 
Garfield 

1960 Schocklev 
Price Kessler Westbrook 
Bourne 
Gottschalk and Desmond 
Barr Xhighnesse and Osgood Price 
Price 

Narin and Carpenter Garfield Cole and Cole 
Narin, Carpenter and Berlt 
Carpenter and Narin 
Small and Griffith 
Cox, Hamelman and 
Wilcox 

~~~ ~ 

Source: Narm (1976), adapted and slightly expanded. 

Reviews of the literature: 
Narin, Francis. In Evaluative Bibliometrics: T h e  Use of Publication and Cita- 

tion Analysis in the Evaluation of Scientific Activity (NTTS  #PB 252 339). 
Cherry Hill, N.J.: Computer Horizons, Inc., 1976, pp. 1-81. 

, and Moll, Joy K. “Bibliometrics.” Annual Review of Informa-
tion Science and TechnoZogy 12( 1977):35-58. 

Texts: 
Elkana, Y., et al., eds. Toward a Metric of Science: T h e  Advent of Science 

Indicators. New York:John Wiley, 1978. 
Garfield, Eugene. Citation Indexing-Zts Theory and Application in Science, 

Technology, and Humanities. New York: JohnWiley, 1979. 
Gamey, William D. Communication: T h e  Essence of Science; Facilitating 

Information Exchange among Librarians, Scientists, Engineers, and Stu-
dents. Toronto: Pergamon Press, 1979. 
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Holzner, Burkhart, and Marx, John H. Knowledge Application; The Knowl-
edge System in Society. Boston: Allyn and Bacon, 1979. 

Merton, Robert K. The Sociology of Science; Theoretical and Empirical Inuesti- 
gations. Chicago: University of Chicago Press, 1978. 

Price, Derek de Solla. Little Science, Big Science. New York Columbia Univer- 
sity Press, 1963. 

.Science Since Babylon. 2d ed. New Haven, Conn.: Yale Univer- 
sity Press, 1975. 

2. Theoretical Framework (2 units) 

These units focus primarily on exogenous theory from the sociology of 
science and from the history and philosophy of science. Recently, some promis- 
ing indigenous contributions from information science have been published. 
One of these is Pritchard (1972), who attempted to relate bibliometrics to the 
information transfer process, conceptualizing the flow of information through 
channels as analogous to a chemical or industrial process. Another is Meincke 
and Atherton (1976), who have introduced the difficult but interesting concept 
of knowledge space or scientific space, in which concepts, fields of knowledge, 
and information items in a retrieval system are likened to physical objects (such 
as atoms) that occupy multidimensional vector space. 

However, while theoretical advances in the sociology of science have been 
spectacular, little progress has occurred in our understanding of the nature of 
theoretical properties of the vast array of subject literatures. Forexample, Per id  
has argued, convincingly, that citation analysis cannot properly be applied to 
historical research because citations representing the source documents for 
history cannot be sorted out from citations representing ordinar references.lThis may well have been the difficulty in the analysis by Brace of citation 
patterns in graduate library school doctoral dissertations, a large proportion of 
which have always been historical research. The same validity problem arises 
with respect to citation analysis of literary criticism studies. 

Theoretical uncertainty goes deeper than this, however, for what we really 
need to understand better is under what conditions a literature structure maybe 
said to be isomorphic to the referencing behavior and norms of its producers. 
Scientific literature is assumed to be isomorphic, or more nearly isomorphic, to 
the referencing behavior of scientific authors because scientists produce knowl- 
edge by building on previous knowledge, and so they acknowledge the anteced- 
ent work, the intellectual property, of their colleagues. Thus, both the scientific 
advances and the citing may be regarded as cumulative. Garfield, Malin and 
Small (1978) suggest that citation linkages in science reflect both the cognitive 
structure and the social structure of a specialty; thisargument has not yet been 
adequately elaborated for empirical testing, however. 

Like this theoretical hypothesis, there are many other challenges awaiting 
bibliometric inquiry. Some of these are to produce adequate explanations of the 
following problems and phenomena: how progress in scientific knowledge can 
be objectively identified, and how such progress is reflected in the literature; 
how the social systems of science and nonscientific scholarship differ, and how 
they reflect differing communication patterns, differing referencing practices 
and norms, and differing publication practices; how patterns of information 
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exchange activity are related to the processes of scientific research, discovery, 
dissemination, and utilization by scientists, and how these processes vary from 
discipline to discipline or perhaps even from specialty to specialty; how the 
nature of a research front should be determined (is i t  in the formal or informal 
communication domain, and if in the formal, is itmoreaccuratelydescribedasa 
citation front, as Garvey (1979) has perceptively argued?); how the hardness- 
softness metaphor describing a continuum of scientific rigor can be either 
operationalized and tested, or abandoned; how the identification of a suscepti- 
ble in the epidemic theory of information diffusion proposed by Goffman and 
Newill (1964) can be determined; how the nature of a citation can be defined (is 
one citation to a paper equivalent tomultiple citations to the same paper?); how 
the nature of a reference is to be agreed upon (is a reference to a scientific paper 
the same as a reference in historical inquiry and in literary criticism?); how 
information transfer or informaton flow are to be treated; what the relationship 
is between information, knowledge, ideas, and data; and finally, how the 
dissemination of knowledge differs between the paper disciplines and the prod- 
uct disciplines (that is, between scientific and technological research activities), 
and between them and the secret disciplines of military and industrial inquiry. 
These are only some of the exciting theoretical problems before us. Suggested 
readings for this unit follow. 

Readings:
Ben-David, Joseph. “Emergence of National Traditions in the Sociology of 

Science; The United States and Great Britain.” In Sociology of Science; 
Problems, Approaches, and Research, edited by Jerry Gaston, pp. 197-218. 
Washington, D.C.: Jossey-Bass, 1978. 

Cole, Jonathan R., and Zuckerman, Harriet. “The Emergence of a Scientific 
Specialty: The Self-Exemplifying Case of the Sociology of Science.” In The 
Idea of Social Stucture; Papers in Honor of Robert K .  Merton, edited by 
Lewis A. Coser, pp. 139-74. New York: Harcourt Brace Jovanovich, 1975. 

Garfield, Eugene. “Citation Indexes for Science; a New Dimension in Docu-
mentation through Association of Ideas.” Science 122(15 July 1955):108-11. 

,et al. “Citation Data as Science Indicators.” In Toward a Metricoj 
Science: The Advent of Science Indicators, edited by Y. Elkana, et al., pp. 
179-207. New York: John Wiley, 1978. 

Gilbert, G. Nigel. “The Transformation of Research Findings into Scientific 
Knowledge.” Social Studies ofScience 6(1976):281-306. 

. “Measuring the Growth of Science; A Review of Indicators of 
Scientific Growth.” Sclentometrzcs I (1978):9-34. 

, and Woolgar, Steve. “The Quantitative Srudy of Science: An 
Examination of the Literature.” Science Studies 4(July 1974):279-94. 

Goffman, William, and Newill, V.A. “Generalisation of Epidemic Theory: An 
Application to the Transmission of Ideas.” Nature 204(0ct. 1964):225-28. 

Heyl, John D. “Paradigms in Social Science.” Society 12(July-Aug. 1975):61-67. 
Kuhn, Thomas S. The Structure of Scientific Revolutions. 2d ed. Chicago: 

University of Chicago Press, 1970. 
Lakatos, Imre, and Musgrave, Alan. Criticism and the Growth of Knowledge. 

Cambridge: University Press, 1970. 
Laudan, Larry. Progress and Its Problems: Toward a Theory of Scientific 

Growth. Berkeley: University of California Press, 1978. 
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Meincke, Peter P.M., and Atherton, Pauline. “Knowledge Space: A Conceptual 
Basis for the Organization of Knowledge.”Journal of the ASIS 27(Jan.-Feb. 
1976): 18-24. 

Merton, Robert K. “Priorities in Scientific Discovery.” Reprinted in The 
Sociology of Science; Theoretical and Empirical Investigations. Chicago: 
University of Chicago Press, 1973, pp. 286-324. 

.“The Matthew Effect in Science.” In TheSociology ofscience, pp. 
439-59. 

Popper, Karl R. Conjectures and Refutations: The  Growth of Scientific Knowl- 
edge. New York: Harper, 1963. 

. Objective Knowledge; An Evolutionary Approach. London: 
Oxford University Press, 1972. 

Price, Derek de Solla. “The Revolution in Mapping of Science.”Proceedings of 
the ASIS Annual Meeting 16(1979):249-53. 

Pritchard, Alan. “Bibliometrics and Information Transfer.” Research in 
Librarianship 4(1972):37-46.

Rescher, Nicholas. Scientific Progress; A Philosophical Essay on the Economics 
of Research in Natural Science. Pittsburgh: University of Pittsburgh Press, 
1978. 

3. Research Traditions: Laws and Models (5 units) 

This section is prefaced by an introduction to logarithmicdistributionsand 
nonparametric statistical procedures. This is necessary because bibliometric 
data have been found to exhibit geometric or exponential properties of growth 
and decline, rather than arithmetic properties. 

From the bibliometrics literature, there is a strong impression that two 
research traditions have developed, more or less independently though concur- 
rently. The one tradition is characterized by investigation into distributional 
properties, typically culminating in the formulation of a statistical law or a 
mathematical model of the logarithmic variety. This tradition derives from 
Lotka, Bradford and Zipf, and is represented by such researchers as Bookstein, 
Brookes, Coile, Fairthorne, Goffman, Kendall, Leimkuhler, O’Neill, Pratt, 
Vickery, Vlach?, and Wilkinson. 

The other research tradition is more strictly empirical, focusing on counts 
of data and on first-order relationships among sets of data such as cocitation 
mapping describes. Notable contributors in this tradition are Fussler, Garfield, 
Griffith, Kessler, Line, Mullins, Narin, Price, Sandison, and Small. In passing, 
i t  should be noted that the creation of Science Citation Index, Social Sciences 
Citation Index and Arts 6.Humanities Citation Index by the Institute for 
Scientific Information in Philadelphia have vastly accelerated the potential 
advance of knowledge through the empirical tradition. 

Bibliometric measures in general focus less on the central tendency of a 
distribution of data and much more on the extremes which characterize the 
distribution. Also, bibliometric measures are based on the frequency ranking of 
data, in most cases. However, if the essential information in the data is to be 
preserved and evaluated, nonparametric statistical tests for rank-ordered data 
cannot be utilized because such tests do not adequately preserve the magnitude 
of differences between rankings. Other nonparametric approaches must be 
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devised, so that the typical high concentration of data in a relatively small 
proportion of the population can be represented. 

There is still a great deal of investigation required into the underlying 
theoretical dimensions of the mathematical formulations expressed in Lotka’s 
law, Bradford’s law and Zipf’s law. Various explanations to date have proposed 
a law of diminishing returns model, a cumulative or comparative advantage 
model issuing from the more generalized theory of stochastic processes, and an  
information theoretic model of the human mind. However, as Bookstein (1979) 
noted in a recent critique of the current views, these various models and laws all 
turn out to be mathematically identical, and this in itself is an interesting 
finding that invites investigation. 

There is also a great deal of investigation required into methodological 
validity. Chile (1977) has documented several misuses of Lotka’s law, for exam-
ple, and Wilkinson (1972) has pointed out that no  two researchers have inter- 
preted Bradford’s law in the same way. Some of the current questions are: 
whether these distributions are properly described as “laws” at  all rather than 
simply probabilistic occurrences; whether Bradford’s law is reliable for small 
collections, what small means, and whether a collection can be one journal or 
whether a broad base of journals is required; whether Bradford’s law is biased 
toward journals that publish a large number of very short papers; whether 
sample size is a factor in making comparisons of scattering characteristicsacross 
fields; whether Bradford’s law can be explained as an artifact of journal editorial 
policy, as Fairthorne (1969) has speculated; and whether the performance of new 
journals, papers and authors can be predicted. Related issues are whether the 
investigation of one or two variables without a research hypothesis, as is the case 
with the empirical descriptions discovered by Bradford, Lotka and Zipf, consti- 
tutes an  adequate basis for quantitative inquiry, and whether multivariate 
bibliometric analyses would be more fruitful. Suggested readings for this unit 
follow. 

Logarithms:
Aitchison, J., and Brown, J.A.C. The Lognormal Distribution. Cambridge: 

University Press, 1957. 
Pratt, Allan D. “The Analysis of Library Statistics.” Library Quarterly 

45(1975):275-86. 

Bradford and Zipf: 
Bradford, Samuel C. “Sources of Information on Specific Subjects.” 

Engineering 137(26 Jan. 1934):85-86. 
. “The Documentary Chaos.” In Docurnentation, pp. 106-21. 

London: Crosby Lockwood, 1948. 
Brookes, Bertram C. “The Complete Bradford-Zipf ‘Bibliograph.’ ”Journal of 

Documentation 25( March 1969):58-60. 
. “Theory of the Bradford Law.” Journal of Documentation 

33(Sept. 1977): 180-209. 
Hubert, John J. “A Relationship between Two Forms of Bradford’s Law.” 

Journal of the ASZS 29(May 1978):159-61. 
Praunlich, Peter, and Kroll, M. “Bradford’s Distribution: A New Formulation.” 

journal of the ASZS 29(March 1978):51-55. 
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Sweaney, Wilma P. “An Empirical Test of the Incompatibility of the Two For-
mulations of Bradford’s Law” (MLS research report, Faculty of Library 
Science). Toronto: University of Toronto, 1978. 

Vickery, B.C. “Bradford’s Law of Scattering.” Journal of Documentation 
4( 1948): 198. 

Wilkinson, E.A. “The Ambiguity of Bradford’s Law.” Journal of Documenta-
tion 28( June 1972):122-30, 232 (erratum). 

Lotka: 
Allison, Paul D., et al. “Lotka’s Law: A Problem in Its Interpretation and Appli- 

cation.” Social Studies of Science 6(1976):269-76.
Coile, Russell C. “Lotka’s Frequency Distribution of Scientific Productivity.” 

Journal of the ASIS 28(Nov. 1977):366-70. 
Lotka, Alfred J. “The Frequency Distributon of Scientific Productivity.” 

Journal of the Washington Academy of Sciences 16(19 June 1926):317-23. 
Vlachjr, Jan. “Frequency Distributions of Scientific Performance; A Bibliog- 

raphy of Lotka’s Law and Related Phenomena.” Scientornetrics 
1(1978):1O9-30. 

Recent advances: 
Bookstein, Abraham. “Explanations of the Bibliometric Laws.” Collection 

Management 3(Summer-Fall 1979): 151-62. 
Fairthorne, Robert A. “Empirical Hyperbolic Distributions (Bradford-Zipf- 

Mandelbrot) for Bibliometric Description and Prediction.” Journal of 
Documentation 25(Dec. 1969):s 19-43. 

Garfield, Eugene. “Bradford’s Law and Related Statistical Patterns.” Current 
Contents: Life Sciences 2(12 May 1980):5-12. 

Pratt, Allan D. “A Measure of Class Concentration in Bibliometrics.” Journalof 
the ASZS 28(Sept. 1977):285-92. 

Price, Derek de Solla. “A General Theory ofBibliometric and Other Cumulative 
Advantage Processes.” Journal of the ASIS 27(Sept.-Oct. 1976):292-306. 

. “Cumulative Advantage Urn Games Explained: A Reply to 
Kantor.” Journal of the ASIS 29( July 1978):204-06. 

Shaw, W.M. “Entropy, Information and Communication.” Proceedings of the 
ASZS Annual Meeting 16(1979):32-40. 

4. Research Traditions: Empirical Descriptions (5 units) 

This section covers publication counting and citation analysis. Simple 
one-toAone citation links and the notion of bibliographic coupling were typical 
empirical approaches in the 1960s and before, but in the following decade the 
concept of cocitation clustering was invented and came to dominate the biblio- 
metrics research front. The cocitation clustering technique has exciting poten- 
tial for mapping the structure of scientific specialties and perhaps even entire 
fields of science, and for documenting changes and growth over time. Studies 
into the validity and limitations of citation analysis are also reviewed; contribu- 
tions here are content analysis and typologies of citations, sometimes referred to 
as context analysis, and correlational analysis of citations with other quantita- 
tive and qualitative measures. 
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Scholarly norms of citing are complex and vary from field tofield and from 
science to nonscience. Similarities in citing conventions between scientific 
literatures and humanities literatures are not adequately understood at all, but 
the social conventions determining citing behavior in a given field are crucial to 
theoretically valid characterizations of the structure of the field’s literature. 

The citing of antecedent research is a strong social norm among scientists 
and social scientists. Citation relationships are conceptualized as semantic 
relations between texts that constitute directed lines connecting later to earlier 
work. When these relations are graphed, they are said (borrowing from graph 
theory) to form a digraph. Such a digraph reflects semantic textual structures 
such that anteredent subject matter is linked to later subject matter. Citation 
analysis relies on the occurrence of the social norms of citing, but there are many 
other reasons forparticular choices of prior authors and papers. As Lipetz (1965) 
and Weinstock (1974), among others, have noted, these choices could be moti- 
vated by any of the following: paying homage to pioneers; providing back- 
ground reading; giving an example; modifying, correcting, criticizing, or 
refuting previous work; identifying the original publication of an eponymic 
concept or term such as Pareto’s law; or window dressing. Refinements in 
citation analysis methodology are now being produced through contextual 
analysis of references. Also, studies have been undertaken in science toassess the 
correlation between citation data and peer judgments. Cole and Cole (1973) and 
Zuckerman (1977), among others, have demonstrated that straight citation 
counts are highly correlated with virtually every refined measure of research 
quality and other forms of scientific recognition, such as the Nobel prize and 
membership in a national academy of science. 

Thus, although “errors” or deviations in citing behavior do occur, the 
accumulation of bibliographic links over hundreds or even thousands of actsof 
citing over time is seen to map out thecognitivedomain of scientific knowledge 
in a given area; the self-correcting and cumulating nature of knowledge is a 
probabilistic process that sloughs off the errors or deviations and dead-end 
research programs. In effect, when anauthor cites he is classifying hisown work 
with respect to the perceived domain of all prior scholarship. 

What lends further credence to the validity of citation analysis, at least in 
science, is the consensus factor; that is, the journal-refereeing system requires a 
consensus among selected scholars on the worth of the work being submitted for 
publication, and one of the criteria for judging such worth is coherence with 
past research, presumably as represented by the researcher’s choice of citations to 
antecedent work. However, it should also be noted that citation anomalies 
having a small effect on the average might have serious distorting effects in a 
particular instance, for example, anomalies such as obliteration, eponyms and 
highly unpopular claims like those of Arthur Jensen. 

Thus, citing theory is in its infancy. Among the factors influencing the 
nature and frequency of citation are the following: the size of the field and 
number of authors in a field; the nature of the field, especially its degree of 
theoretical integration or codification; whether a field is a paper- or product-
producer, and especially what proportion of a field may be said to be engaged in 
secret research, such as for military and industrial organizations; the age of a 
field; differing growth rates of fields; journal editorial policies, such as rates of 
publication, language of publication, length of articles; journal function (e.g., 
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reporting research or current awareness); journal quality and prestige; author 
eminence; average number of references per journal article; the degree of anom-
alous citation behavior ina field; perceived social utility of the field and funding 
for research; rates of multiple versus single citation to a paper; rates of multiple 
versus single authorship; variability in quality and importance of papers; 
relationships between obsolescence and changes in journal size; and above all, 
differential reference functions and norms among the sciences, social sciences, 
technological fields, and the nonsciences. Suggested readings for this unit 
follow. 

Citation analysis: 
Cawkell. A.E. “Understanding Science by Analysing Its Literature.” The 

Znformation Scientist lO(March 1976):3-10. 
Cole, J.R., and Cole, S. Social Stratification in Science. Chicago: University 

of Chicago Press, 1973. 
Garfield, Eugene. “The ‘Obliteration Phenomenon’ in Science-and the 

Advantage of Being Obliterated!” Current Contents: Lifesciences 18(22 Dec. 
1975):5-7. 

. “Citation Analysis and the Anti-Vivisection Controversy.” 
Current Contents: Lije Sciences 20(25 April 1977):5-10; and “Citation Analy- 
sis and the Anti-Vivisection Controversy. Part 11. An Assessment of Lester R. 
Aronson’s Citation Record.” Current Contents: LifeSciences 20(28 Nov. 
1977):5-14. 

. “Restating the Fundamental Assumptions of Citation Analysis.” 
Current Contents: Life Sciences 20(26 Sept. 1977):5-6. 

. “High Impact Science and the Case of Arthur Jensen.” Current 
Contents: LifeSciences 21(9 Oct. 1978):5-15. 

. “Is Citation Analysis a Legitimate Evaluation Tool?” Sciento-
metrics 1( 1979):359-75. 

Gilbert, G. Nigel. “Referencing as Persuasion.” Social Studzes of Science 
7(Feb. 1977):113-22. 

Griffith, Belver C., et al. “On the Use of Citations in Studying Scientific 
Achievements and Communication.” Society for Social Studies of Science 
Newsletter 2 (Summer 1977):9-13. 

Kaplan, Norman. “The Norms of Citation Behavior: Prolegomena to the Foot- 
note.” American Documentation 16(July 1965):179-84. 

Line, Maurice B., and Sandison, Alexander. “ ‘Obsolescence’ and Changes in 
the Use of Literature with Time.” Journal of Documentation 30(Sept. 
1974):283-350. 

Porter, Alan L. “Citation Analysis: Queries and Caveats.” Social Studies of 
Science 7(1977):257-67. 

Price, Derek de Solla. “The Citation Cycle.” In North American Networking, 
(collected papers, ASIS 8th mid-year meeting, Banff, May 1979), edited by 
A.B. Piternick. Washington, D.C.: ASIS, 1979. 

Small, Henry G. “Co-citation in the Scientific Literature: A New Measure of 
the Relationship between Two Documents.” Journal of the ASZS 24(July-
Aug. 1973):265-69. 

. “Cited Documents as Concept Symbols.” SocialStudies ojSczence 
B(Aug. 1978):327-40. 

SUMMER 1981 169 



ALVIN SCHRADER 

Vms, Henry G., and Dagaev, Katherine. “Are All Citations Equal? Or, Did We 
O p .  Cit. Yourldem?” Journal ofAcademicLibrarianship l(Jan. 1976):19-21. 

Zuckerman, Harriet. Scientific Elite. New York: Free Press, 1977. 

Context analysis: 
Bertram, Shelia J.K. “The Relationship Between Inua-Document Citation 

Location and Citation Level.” Ph.D. diss., University of Illinois at Urbana- 
Champaign, 1970. 

Chubin, Daryl E., and Moitra, Soumyo D. “Content Analysis of References: 
Adjunct or Alternative to Citation Counting?” Social Studies of Science 
5( 1975):423-41. 

Lipetz, Ben-Ami. “Improvement of the Selectivity of Citation Indexes to Science 
Literature through Inclusion of Citation Relationship Indicators.” 
American Documentation 16( 1965):81-90. 

Moravcsik, Michael J., and Murugesan, P. “Some Results on the Function and 
Quality of Citations.” Social Studies of Science 5( 1975):86-92. 

Murugesan, P., and Moravcsik, Michael J. “Variation of the Nature of Citation 
Measures with Journals and Scientific Specialties.” Journal of the ASZS 
29(May 1978):141-47. 

Small, Henry G. “&-citation Content Analysis: The Relationship between 
Bibliomeuic Structure and Knowledge.” Proceedings of the ASZS Annual 
Meeting 16( 1979):276-85. 

Spiegel-Rosing, h a .  “Science Studies: Bibliometric and Content Analysis.” 
Social Studies of Science 7(1977):97-113. 

Weinstock, Melvin. “ISI’s Social Sciences and Humanities Citation Index.” In 
Access to the Literature of the Social Sciences and Humanities. New York: 
Queens College Press, 1974. 

5. Applications for Professional Practice (2 units) 

There is a great deal of controversy about the appropriateness of bibliomet-
ric applications to practical problems. Some authors have argued that underly- 
ing theoretical explanations of the bibliometric distributions are too weak to 
guide information facility policy decisions, that bibliometric theory is not ready 
forpractical application. Others have urged even greater application, particu- 
larly to library collection management. Several reviews have been published, 
notably those of Broadus (1977), Buckland (1978). Fitzgibbons (1980), and 
Lancaster (1977). Moll edited a special issue in 1978 of Collection Management 
devoted to bibliometrics in library collectlbn management. 

However, a number of major application problems have not been ade- 
quately addressed in the bibliometrics literature. First, most of the mathematical 
models which have been proposed are static models, i.e., they assume fixed 
economic conditions, for example, with respect to journal acquisitions costs 
versus interlibrary loan costs, fixed subject areas, fixed user interests and homo- 
geneous information demands, and fixed information facility objectives and 
policies. Second, the models are simplistic and do not adequately reflect reality 
in that they assume-but are unable to demonstrate operationally-that user 
satisfaction can be defined and measured, and that individual user dissatisfac- 
tion is unimportant to the advance of scholarship. Third, the mathematical 

LIBRARY TRENDS 170 



Teaching Bibliometrics 

models have weak explanatory power. They are unable, for example, to predict 
the performance of new journals, new researchers and new papers. Fourth, the 
variables in the models are only vaguely linked to sociological concepts. For 
example, citation analysis treats the formal communication process, while use 
and user studies concern demands on an information facility. Are identical or 
highly dissimilar processes and modes of social communication behavior thus 
being measured? How valid is the assumption that citations reflect information 
facility use patterns? Fifth, almost all information facility objectives and, in 
particular, collection policies are so unclearly expressed that they boil down to 
assertions that cannot be operationalized and tested. Fundamental concepts 
such as information need, user satisfaction, and even information facility use, 
are inadequately articulated. Until information facilities begin to support 
development inquiry on a grand scale, with funds for researchers rather than for 
computers and computer applications, progress in applying bibliometric the- 
ory will be very slow. Finally, almost all the models and bibliometric explana- 
tions to date have been focused on scientific journal literatures, scientific 
information facilities, and scientific researchers. More work is needed to deter-
mine what form practical applications should take in public and academic 
libraries as they are presently constituted, with amorphous, heterogeneous user 
populations exhibiting highly diversified demand patterns. 

These are some of the difficult but challenging problems ahead. Suggested 
readings for this unit follow. 

Reviews of the literature: 
Broadus, Robert N. “The Applications of Citation Analyses to Library Collec- 

tion Building.” Aduances in Librarianship 7( 1977):2!%-335. 
Buckland, Michael K. “Ten Years Progress in Quantitative Research on 

Libraries.” Socio-Economic Planning Sciences 12( 1978):333-39. 
Fitzgibbons, Shirley A. “Citation Analysis in the Social Sciences.” In Collec-

tion Development in Libraries: A Treatise, edited by George B. Miller and 
Robert D. Stueart, pp. 291-344. Greenwich, Conn.: JAI Press, 1980. 

Lancaster, F. Wilfrid. The Measurement and Evaluation of Library Services. 
Washington, D.C.: Information Resources Press, 1977, pp. 327-67. 

Moll, Joy K., ed. “Special Issue on Bibliometrics.” Collection Management, 
vol. 2, Fall 1978. 

Readings:
Allen, Edward S. “Periodicals for Mathematicians.” Science 70(20 Dec. 

1929):592-94. 
Baughman, James C. “Towards a Structural Approach to Collection Develop- 

ment.” College & Research Libraries 38(May 1977):241-48. 
Bourne, C.P. “Some User Requirements Stated Quantitatively in Terms of the 

90 Percent Library.” In Electronic Information Handling, edited by A. Kent 
and O.E. Taulbee, pp. 93-110. Washington, D.C.: Spartan Books, 1965. 

Drott, M. Carl, et al. “Bradford’s Law and Libraries: Present Applications- 
Potential Promise.” Aslib Proceedings 31(June 1979): 296-304. 

Garfield, Eugene. “Citation Analysis as a Tool in Journal Evaluation.” Science 
178( NOV. 1972):47 1-79. 
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. “No-Growth Libraries and Citation Analysis; or, Pulling Weeds 
with ISI’s Journal Citation Refiorts.” Current Contents: Life Sciences 
18(30 June 1975):5-8. 

Goffman, William, and Morris, T.G. “Bradford’s Law and Library Acquisi- 
tions.’’ Nature 226(6 June 1970):922-23. 

Gosnell, Charles F. “Obsolescence of Books in College Libraries.” College & 
Research Libraries 4(March 1944):115-25. 

Gross, P.L.K., and Gross, E.M. “College Libraries and Chemical Education.” 
Science 66(28 Oct. 1927):385-89. 

Line, Maurice B. “Rank Lists Based on Citations and Library Uses as Indicators 
of Journal Usage in Individual Libraries.” Collection Management 
2( Win ter 1978):3 13-16. 

, and Sandison, Alexander. “Practical Interpretation of Citation 
and Library Use Studies.” College 6Research Libraries 36(Sept. 1975):393- 
96. 

Pritchard, Alan. “Citation Analysis vs. Use Data.” Journal of Documentation 
36(Sept. 1980):268-69. 

Raisig, L. Miles. “Statistical Bibliography in the Health Sciences.” Bulletin 
of the Medical Library Association 50( July 1962):450-61. 

Subramanyam, K. “Criteria for Journal Selection.” Special Libraries 66(Aug. 
1975):367-71. 

Trueswell, Richard. “Some Behavioral Patterns of Library Users: The 80/20
Rule.” Wilson Library Bulletin 43(1969):459, 461. 

Turner, Stephen J. “Trueswell’s Weeding Technique: The Facts.” College 6 
Research Libraries 41(March 1980):134-40. 

Voos, Henry G. “Bibliometrics and Management of Libraries.” Proceedings of 
the ASZS Annual Meeting 14( 1977):fiche 9-E4-9-E6. 
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