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ON THE RELATIONSHIP BETWEEN THE EPIDEMIC THEORY
AND THE BRADFORD LAW OF DISPERSION

Abstract

by
ROBERT KENNETH DIKEMAN

Bradford's law of dispersion and the epidemic theory
are two bibliographic methods which have been used product-
fvely to study subjoct literatures, Bradford's law has been
used to establish structural relationshipes for the perlod-
icals of a subject literature, The epidemic theory has been
previously applied to author data to trace the growth or
decline of a subject literature, To date no study has
attempted to compare the results of these two bibliometric
techniques on the same subjeot literature,

The purpose of this study is to investigate any exist-
ing relationships between the epldemic theory and the
Pradford distribution for the diachronic study of the sym=
bolic logic subject literature, The bibliographic data
base was gathered from (1) A Biblicgzraphy of Symbolla Logla
and Additions and Corrections to "A Bibliography of Symtolio
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Logic" by Alonze Church and (2) the "Reviews"™ gection of the
Journal of Symbalic Logla for the time period, 1841-1960,
The periodical data was ranked by productivity by year,
tadulated and analyzed using both the Bradford law of
dispersion and the epidemic theory.

By the study of the diachronioc growth of a subject
literature, a number of interesting relationships can be
explored, The nearly identical nature of the epidemic
curves based on periodical and author data indicates the
direct interaction between the author and the periodicals
in the epidemic analysis, The usefulness of the epidemic
theory in the analysis of the periodical structure of a
subjeot literature, the stability of each recurrihg
epidemic cycle and the changing environmental conditlons
of each epidemic oycle are all demonstrated, Thus, this
diachronic study of this subject literature has conclusively
shown the interrelationship of the Bradford distribution
and the epidemic theory., Various phases of the epldemic
cycle, the cumulative Bradford distributions, period studies
of the Bradford distribution, and the internal structure
of a subject literature were als§ gtudied,

One immediate bensfit of this study is te illustrate,
by example, how the periodical structure of a subject liter-

ature may be analyred, The use of such an analysis would

118




be an invaluable aid in periodical scquisitions for a
research library, This study also providea the firast
observational evidence to support the mathematical model
for information transfer that has been derived from the
epidemic studies of the disease, schistosomiasis, And
f£inally, the current dilemma of rapidly expanding subject
literatures will only be solved through an understanding
of the interrelationships of the struoctural properties

of subject literatures, Any attempts to modify the
ourrent scientific literature system without an under-

standing of these properties may result in its cellapse,

iv
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1
INTRODUCTION

The field of librarianship in modern times has been
oriticized for its seeming devotion to clerical-like
concerns while ignoring the development of a theoretical
body of knowledge, Many library leaders and critics
guch ag Pilerce Butler, William Goode and Jesse Shera have
published statements detalling the need for the establish-
ment of a £irm theoretical bass for librarianahip.l‘ 2,3 b

One area of research that has recently showed much
promise in providing at least a portion of the needed
theoretical foundation is the investigation of possible
structural properties of subject literatures, Presently,
the only knowledge a librarian can obtain concerning poss=~
ible structural properties of recorded knowledge ig derived
through the same ad hoc observational pattern that is com=-
’mon to all areas of librarianship, Many see the investi-
gation of possible structural properties of subject liter-
atures in terms of observable and quantifiable parameters
as a first step toward the establishment of an theorstical

1




body of knowledge,
In recent years, there have been many studies of

the atructﬁral properties of subject literatures that
have clearly established the existence of such properties,
These atudies pertinent to this investigation will be
reviewed later in this chapter,

The overall purpose of this study 1s to continue
the research into the existence of structural properties
of subjeot literatures, To accomplish this broad purpose,
this study's objective is to investigate the possible
relationship(s) that may exist between the epidemic theory
and the Bradford law of dispersion through the diachronic
study of the symbolic logic literature,

Subject Literatures
Subject knowledge, according to Rawski “,,,involves

a body of knowledge organized as a subject fileld--charact-
erized by ends, methods, techniques, etc,, related to the
situation and requirements of the subject matter.‘5 The
production of new subject knowledge requires the use of
subject knowledge as expressed by others, The articulation
of a subject knowledge as a literature unit requires that
it be purposively expressed in terms of the goale, con=
cepts, forms, etc,, that are characteristic of the subject

iteself, The subject literature unit is aleso constrained




3

by the device(s) used to record, store, display snd trans-
mit subject knowledge, Thus, the subject literature not
only reflects the goals, concepts, techniques, methodol=-
ogles, eto,, used by the practitioneras of that subject
area, but it aleo reflects the means by which producers of
subject knowledge communicate with each other through
indirect communication channels, In terms of preasent day
technology, this indirect communicatibn is done almost
exolusively via the printed word.

In addition to reflecting the goals, concerns,
methodologies, etc.,, of a subject knowledge, the subject
1iterature also documents the growth of knowledge, The
dooumentation of this new knowledge enables one to create
a map, if you will, comprising areas of both known and
unknown knowledgo. This map not only assists one in estab-
lishing relationships between areas of known knowledge, but
it also identifies areas which should be explored in order
to obtain new subject knowledge,

Since the creation of a subject literature is a
purposive activity which intends as its primary function
the use of the literature to all having a desire or need,
{t must aleo require the establishment of some sort of
control procedures for its effectlve use and dissemin=
ation. The need for effective control of subject liter-

atures is one of the most fundamental problems facing
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researchers, publiechers and librarians,

Price and a host of others have constantly discussed
the present growth rate of scientific subject literatures
using such emotive terms as information explosion and
knowledge explosion.6 The rapid physical growth of subject
literatures regardless of the emotional rhetoric must be

‘faced by all research libraries, These libraries are stag-

gering under mounting pressure from students and faculty
alike to aoquire materials at an ever increasing rate
while library material budgets are cut or held constant
by governing boards feeling the shrinkage of funde
necessary to underwrite the library's entire operation,
The need to understand the structural character-
istics of a subject literature is essentlal before one
can consider the adoption of various mathematical
modeling techniques, Without this ability to model
present and future trends of a subject literature, it
1svabsolute1y impossible for any one to form any sort
of rational basis for solving the current crises in
gcientific subject literatures that are bringing research
libraries to the brink of financial collapse, v
Levi-Strauss in one of his many essays has out-

1ined the basic requirements for a structural models

Rl




*Pirst, the structure exhibits the
characteristics of the system, It is
made up of several elements none of
which can undergo a change without
effecting changes in all other elements,

In the second place, for any given
model there should be a possibility
of ordaring a series of transformations
resulting in a group of models of the
same type,

In the third place, the above prop-
erties make it possible to predict how the
model will react if one or more of its
elemente are submitted to certain
modifications,

And last, the model should be
Snielliginie all the observed facts,>
The ability to construct models of subject
literatures is essential if one is to achieve the desired
goal=~the ability to predict future developments of a
subject literature, In order for the librarians of the
future "to provide the knowledge most worth having in terms
of the avallable knowledge records and the user,” Rawski
strongly believes that "librarians must be able to assign
priorities, to prediot.'8 The need to explore new method-~
ologles in the investigation of structural properties of
subject literatures is a prerequisite to achieving the
ability to predict future developmental patterns in a

subject literature,

Bibliometrical Analvais

One methodological approach successfully used




for the establishment of structural properties of a
gsubject literature has been the utilization of numerical
bibliographic techniques, In an attempt to find a suit~
able name for these techniques, Pairthorne has popularized
the term 'bibliometrics®’ "resuscitated by Alan Pritchard”
as denoting a "quantitative treatment of the properties
of recorded discourse and behaviour appertaining to 1t."9
The two bibliometric techniques of concern to this
study are the use of the Bradford law of dispersion and
the epidemic theory., The Bradford law of dispersion has
been used to develop quantitative relationships concerning
the productivity of the periodical literature of a given
subject, The epidemic theory derived from medical epidemi-
ology has been employed in the area of information transfer,
Bach of these bibliometric techniques provides a different
approach to the study of structural properties,

Bradford Law of Diapersion
The Bradford law of dispersion is an empirical

relationship between the dispersion of a set of Journals
over a given set of articles comprising a subject liter-
ature, This relationship was first observed by Samuel

Clement Bradford, Keeper of the Science Library, London,

Bradford®'s initial concern was the abstracting and
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indexing coverage (or, more importantly, the lack thereof)
of the current (1934) scientific and technical literature,
By his estimates of the more than 300 abstraoting and
indexing services covering a sum of 750,000 papers whioch
he approximates to be the total current (1934) sci-tech
papers published per year, Bradford states that in reality,
*owing to duplication of effort, only 250,000 different
artioles are dealt with and 500,000 are missed,"?
Pursuing this study with his deputy, E, Lancaster
Jonea, Bradford formulated an hypothesis that "the aggre-
gate of perlodicals can be divided into classes according
to relevance of scope to the subject concerned, but the
more remote clasa will, in the aggregate, produce as many
referenées as the more related c1ussea."11 Thus, the full
set of journals that comprise a sudject literature when
divided into a given number of subsets in which the number
of articles per subset remains constant, the number of
journals per subset will increase as one progresses from
the most productive jJournal to those of lowest productivity,
Using a 4 ysar (1928~31) time span for the field of
applied geophysics and a 3 year (1931-June, 1933) time
epan for the field of lubrication, Bradford and Lancaster
Jones constructed two complete bipliographies. When the

journal data was ranked by productivity from the most




productive journal to the least (those journals producing
only one article in the time span covered), a distinot
regularity did, indeed, exist, Bradford's statement of
this regularity is as followas
*I1f golentific journals are arranged

in order of decreasing productivity of

articles on a given subject, they may be

divided into a nucleus of periodicals

pore particularly devoted to the subject,

and several groups or zones containing

the same number of articles as the nucleus,

where the number of periodicals in the

nucleus and succeeding zones will be as

1Tin uz ' n3.“12

Applying this set of ocalculations to the litératuro
of applied geophysics, Bradford found a nuoleus of 9
journals containing 429 articles, a first zone of 59
journals containing 499 articles and a second zone of 258
journals containing 4ok articles, In addition to the
above algebraic statement, Bradford also presented a
graphic interpretation by plotting the 10510 of the sum of
the journals versus the sum of the articles,

The material contained in the last zone drew
Bradford'sAgreatest concern, He felt that a combined
effort should be made by both libraries and abstracting
and indexing services to bring this material into the
existing bibliographlc network,

In 1948 Vickery attempted to clarify some of the




amdbiguities left by Bradford between the algebdraic and
graphic statements of his law of dispersion, Vickery
showed that Bradford's algebraic and graphic expressions
were not mathematically equivalent.13 Rather than giving
rise to a unique distribution, Vickery found that Bradford‘'s
graphic solution gives rise to a family of possible solu=-
tions, This clearly indicates that Bradford's law of
dispersion is independent of the number of zones selected,

In a recent article Wilkinson again raises the
same question: Which form of Bradford's law of dispersion
best £its the observational data? Wilkinson found that
Bradford‘'s graphic formulations provide the closest valuss
to the given observed data, Wilkinson, however, concludes
that "there is little to be gained from trying to establish
which formulation Bradford would have adopted had he
realized the disparity, In theory Bradford predioted the
verbal (algebralec) formulation; in practice, he obaerved
the graphic formulation.“lh The important point is that
Bradford provided us with a point of departure to explore
potential relationships, not a final statement on the
subject,

Several other investigators have also contributed
different formulations or atatements of Bradford’s law,

Leimkuhler, using Bradford's verbal statement as a starting

—
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point, derived geveral formulations of this expression
for discrete and for continuous variables, Leimkuhler
makes a distinction between Bradford's law of dispersion
which concerns the number of journals required to obtain
a glven portlon of the references and what he terms as
Bradford's distribution which predicts the number of
references for a given portioﬁ of journala‘15 Unlike
Bradford, Leimkuhler emphanizes the productivity of the
nucleus and first zone £rom which, using Leimkuhler's
methodology, one can compute the theoretical scatter,
Unfortunately, Leimkuhler®'s method involves calsulationa
from data not readily obteinable from a subject
bibliography.

' Neranan in two recent articles has expressed
Bradford’s law of dispersion in what he terms & power law
frequency function, Using both algebraic and graphic
means, Naranan proposes that his formulation of Bradford‘'s
law is consistant with other formulations, Naranan, using
data previously published by others in the literature, has
gought to provide an explanation for Bradford's law and
the growth of gclentific subject literatures by means of
& power law function.16' 17 Though Naranan has constructed
geveral different mathematical sxpressions for rates of

1iterature growth, hie growth model requires further
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supporting bibliographic data to test the validity of

his expressions,

Brookes has approached Bradford's law primarily
through graphic techniques {n which the typioal Bradford
curve is expressed In terms of two components.18 Using
Pigure 1 below as a typical Bradford graph, ocurve BC
represents the exponential component and CD is the linear

component, Brookes labels the graph as & Bradford-2ipf
bibliograph,

Los J
Pigure 1, A Typical Bradford Craph,

A, = cumulative sum of all relevant articles,
J = cumulative sum of all journals,

C = point of linearity,
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Brookes, lLeimkuhler, Kendall and Fairthorne have
all shown or discussed the Bradford-Zipf relation-
ohip.19' 20, 21, 22 2ipf's law formulated from linquistic
studies simply states that if all individual words of a
- given text were ranked by decreasing frequency of occurence,
then the resulting distribution can be approximated as
Re«P=aC
where F is the frequency of the word ranked R and C is
a constant.23 Both Zipf's law and Bradford's law are
hyperbolic distributions, ie, the product of fixed powers
of the variables is a constant, Brookes proposes that the
curved portion of the Bradford graph (Pigure 1-curve BC)
is Bradfordian while the linear portion of the graph
(Pigure 1-curve CD) is Zipfian in charaoter.zu
Brookes, for the most part, has emphasized several
practical applications of Bradford's law, One of these
applications is the estimation of the completensss of a
bibliography, Though Leimkuhler had previously published
an algebraic method for the estimation of completeness,
Brookes® graphic approach is more simple and practical
in terms of readily available data.zs_ He has also invest-
igated the possible application of Bradford's law in such
problem areas as obsolescence of material and the utility

of acquisition and retention of pericdicals.26' 27
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GCoffman and Warren have taken Leimkuhler's state-
ment of Bradford's law of dispersion and have restructured
it in more precise fashion, The Goffman-Warren statement
of Bradford's law of diagpersion is as follows:

"Consider a collection of period-
$oals J containing all articles A on &
given subject, If these periodicals
are arranged in descending order of
publication of articles in this subjeoct
area and divided into k groups containing

numbers of periodicals Jl' J2""'Jk

such that each group contains the same
number of articles on the subject, then
according to Bradford's laws

Jym by =N A L=, 200k

. k'zo Jyeeeel
where J1 is the nucleus and bk> 1 is the

so~called Bradford multipller for k
divisions of the J periodicals,"28

Applying Vickery's earlier findings that a graphic
golution to Bradford's law gives rise to a family of pos-

sible solutions rathsr than a single unique solution,

Goffman and Warren found that as one increased the number

of k divisions, the Bradford multiplier, bm' decreased,
Since the number of journals and artlcles in a given subjeoct
literature are aiways finite, there must exist for a maximum
number of k divisions a minimum value for the nucleus of

journal(s) and the Bradford multiplier, b . This nucleus,

then, would represent the most gignificant material for a

given literature, The methodology presented by Goffman
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and Warren for the calculation of this minimal nucleus is
given in the passage below,

*The smallest number of articles

A/m which can possibly effect a maximal
division of a set of iournals containing
the literature of a given subject is the
number of relevant articles J belonging
to the most productive journal on that
subject, In this case, the minimal
nucleus consists of a single periodical,
This situation, however, may not always
exist, Consider the set of 2 journals,
each of which contains a single paper

on the subject, The smallest number of
articles, A/m, which can effect a divi-
sion of the J journals in the sense of
Bradford must be greater than 2/2,
otherwise there would exist succeeding
zones (the last two) with equal numbers
of journals containing the same number
of articles, contrary to Bradford's law,
Thus, the minimal nucleus can consist

of a single periodlcal only if j, the
number of relevant papers in the most
productive journal, is greater than 2/2,
If on the other hand, j is less than or
squal to 2/2, then the minimal nucleus
w?ll consist of ths smallest number of
ournals at the top of the ordered list,
he sum of whose publications on the 29
subject of interest is greater than Z/2,”

The usefulness of this methodology has been shown
by Goffman and Warren to be applicable in many diverse
mediocal literatures,

Goffman and Morris have applied these techniques to
problems of library acquisition and collection maintenance,
The authors using the Goffman-Warren formulation of
Bradford's law compiled a Bradford type of distribution of

periodical use and a distributlon of users based on subject
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interest prof11e9.3° By ocoupling these two distributions,
Goffman and Morris were able to demonstrate a scientific
technique upon which library administrators can construct
an acquisition and retention policy for periodicals,

Other significant uses of the Bradford law have been
in the analysis of subject interactions with neighboring
disciplines, the analysis of the coincidence of quantity
and quality in a subject literature and the bibliometric

analysis of such diverse subject literatures as art history

and information acience.31' 32, 33, 4

Epidemic Theory

The introduction of mathematical analysis of epidemic
diseases was first suggested by Ross in his work with
malaria epidemics, Briefly stated, Ross found that future
epldemic states of the disease could be predicted if given
the rates of 1nfoétion. recovery, birth and death plus
information on the number of people susceptible and the
number of people contracting the diaeaae.35 Kermack and
Mcxondrick showed that if the density of pesrsons suscept-
ible to the disease was below a certain threshold value,
regardless of the number of persons having contracted the
disease, the disease would not reach an epidemic 5tate.36
Thus, through theso'early developments in medical epidem-
iology, one can with the use of known quantifiable data,
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predict the future state of an infectious diseass,

The basic parameters involved in the spread of an
infectious disease ares (1) a specified population and
(2) exposures to the infectious material, Within a given
population (N), there are three distinct groups of individ-
uals at any point in times (1) "infectives®" (I), those
individuals that have contracted the disease; (2) “"suscept-
idbles” (S), those individuals who, with effective contact
with the infectious material, will contract the disease
and themselves bacome infectivess; (3) 'romovala‘ (R), those
individuals who, having been earlier) infectives or suscept-
ibles, have been removed from the glv;n;population through
such processes as death, immunity or recovery. This entire
process of the transmission of infectious material from
the infective to the susceptible is time dependent,

Using the following set of nonlinear differential
equations one can mathematically express the epidemic
process for a direct contact conditions

ds/dt = ~gSI =S + p (1)

d1/dt = pSI -vI + ) (2)

dr/at = g3 +Y1 (3)
S, I and R and their respective derivatives are continuous
functions of time t. § is the rate of infsction, {and T
are the respective removal rates for susceptibies and

infectives, and })and M are the respective influx rates
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of new susceptibles and infectives, This 2-factorial
epidemic proceas requires that the susceptible be placed in
direct contact with the infective or infectious material,

Theiepidemio curve which relates to the course of the
epidemic process (change in the number of infectives as
it develops with re-~vect to time is given by the following
differential equation:
a1/at = £(t) (&)
The ability to predict the course of an epidemic
involves the extrapolation of the epidemic curve, If the

rate of infection with regard to tims is positive (dzl/dtzio).

the process is said to be in epidemic state, If the rate of
infection with regard to time is negative (d°I/dt%(0), then
- the epidemic is in a state of decline, When the epidemic
ourve has reached its peak (dzl/dtzn 0, transition from
dzr/dt2>o to dzl/dt%(o). it may become stable, begin a new
epidemic cycle or it may go into a state of decline,

Goffman and Newill first linked epidemiology to the
communication of information, The tranemission of infecti-
ous material from an infective to a susceptible in the
case of infectious diseases and the transmission of inform-
ation between the author of a document and the reader of
that document are two examples of a more generalized process
of communicatlon.37 On one hand, medicine tries to surpress

the spread of infectious diseases while librarlianship, on

B TR
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the other, seeks to enhance the communication of informa-
tion, A comparison of elements in a digease epldemic and

an information epidemic is presented in Tabdble 1,

TABLE 1

A COMPARISON OF THE ELEMENTS IN THE EPIDEMIC
THEORY (AFTER GOFFMAN AND NEWILL)

Elements of an Disease Information
Epidemic Theory Epidenmic Epidemic
Infective Person with the Person with an
disease idea (author)
Susceptible Person who may Person who has read
get the disease an idea (reader)
Removal Person who dies Person who diea or
» ’ or is immune looses interest
Infectious Disease germs Ideas
material ’

There are numerous historical examples to 1llustrate
the epidemic process in the transfer of information, One
of the most famous examples is that of Mendel's oxberi-
ments on genetic inheritance, It has been widely written
that Mendel's work on genetic inheritance was not recog-
nized by the then scientific community because it was pub-
1ished in an obscure journal, This is historically incor-
rect, It is well documented that Mendel sent reports of
his genetic experiments to the leading 19th Century scien-
tists (susceptibles), Without the necessary conceptual
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background these individuale could not visualize the utility
of Mendel's descriptive data, A half century passed before
Mendel's work was rediscovered (the susceptible population
reached the threshold value), It was during this 50 year
time period that the prerequisite conceptual knowledge was
introduced into the knowledge base of the suscptible
population,

Goffman has quantitatively applied the epidemic theory
to several comprehensive and diverse bibliographies: mast
cell research, symbolic logic literature and schlstosom-~
iaais.38' 39, ko, 1 In these three studies, the applica-
bility and versatility of epidemiological methods is readily
demonstrated,

In the mast cell and symbolic logic studies, Coffman
utilized a 2-factorial epidemiological theory, This method-~
ology considers the subject 1iterature only in terms of the
transmission of ideas between infectives (authors) and
pusceptibles (readers), In both studies, Goffman'’s work
reveals a pattern of subject development that can be studied
as a series of overlapping epidemics, By the use of
author (infectives) data from the respective subject biblio-
graphies, Goffman was able to trace the rise of each indiv-
{dual epidemic and predlct its subsequent tall.“zi k3

Recently, Goffman and Warren have studied the appli-
cation of the Kermack-McKendrick epidenic theory to the
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disease, schistosomiasis, Sohistosomiasis is a four stage
epidemic disease, The four stagea are definitive host,
miracidium, intermediate host and cercaria, The life cycle
of the helminthic parasite is as follows, The adult worms
that inhabit the circulation system of man and other animal
hosts deposit egge which are excreted in the urine or feces,
The egge upon reaching fresh water hatch, liberating the
free-swimning miracidia to seex out certain species of fresh
water onalls, Once the larval miracidia have penetrated
the snail (intermediate host), they multiply and trans-
form into cercariae which return to the water, The oer-
cariae penetrate the skin of man and other animals (defin-
itive host), migrate to the blood vessels of the intestine
and urinary bladder where they become adult, The adult
worms mate, completing this four stage life oycle,

To develop a mathematical model for the disease
schistosomiasis one must first develop from Equations 1-3
the necessary equations to describe the eplidemic process
in terms of a definitive host and an intermediate host,

The mathematical model for this epidemic process involving
the host populations (both definitive and intermediate)
has besn described by Goffman and Warren using the follow-
ing systems of nonlinear differential equations:

Definitive Host Intermediate Host
as/dt = -fSI* -§S *p (5) ds'/at = -p'S'I -g'S* + ;i (8)
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aI/dt = [ SI' = «I (6) aI'/dt = p'S'I -~ <'I' (9)
drR/dt = §'S + I (?)  dR'/dt = 'S* + I (10)
where I, S, R, I', S'and R' represent the infectives,
susceptibles and removals of the definitive and intermed-
iate hosts, respectivelys; I, S, R, I', S', R' and their
derivatives are continuous funotions with reepect to time
t'ﬁ.{?' are the respective rates of infection for the
definitive host and intermediats hosty.(, }* and\,v*
are the respective removal rates for susceptibles and
infectives; and)i.)i' the influx rate of new susceptibles,
To complete the mathematical model for a four stage
disease like schistosomiasis, two additional parameters
for the miracidia and cercariae must be introduced, The
equations to represent these parameters are as follows:
dM/dt = - aM - DM(S* + I') + oI (11)
dM*/dt = -a'M' - b'M*'(S + I) + o'I" (12)
where M and M' denote the larval miracidia and cercariae,
respectively; M, M' and their derivatives are continuous
functions with respect to time t) ¢, ¢' are the respective
rates of liberation of miracidia and cercariae; b, b*
are their respective rates of penetration and a, a‘, the

respective death rntes.hu

The development of a formal mathematical model for
a four stage disease has immediate application to the

analyais of the structural properties of a subject

i i ks
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1iterature, One can illustrate the relationshlp between
a four stage disease like schistosomiasis and the trans-
mission of information via the journal literature as in

Figure 2,

Disease Process
Man_(Definitive host)

Cercaria ———“’—'———————.—J) \\\\\\‘35 Miracidium
‘\/

Snail (Intermediate host)

Information Iranafer Process

Man. (Author and/or reader
/”"’,,,f’J’ Definitive host)
Published paper “;_~_~§-‘-~. k"”,,,nanuscript

Journal (Intermediate host)

Pigure 2, A Comparison of Eloments in a Four Stage
Disease and the Transmission of Information
Through the Journal Literature,

The significance of using this four stage mathematical

model 1s that one can study the dynamics of the epidemic

process in terms of the author/reader (definitive host)

and/or the journal (intermediats host), Goffman has studied

the epidemic process in terms of the authors; however, to
date there have bssn no studies of the epidemic procesa

in terms of the intermediate host,
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The mathematical model has several interesting impli-
cations for the transmission of information via a journal
struotured literature: (1) there is a direct relationshlp
between the number of definitive hosts (authors and/or
readers) and the intermediate hosts (journals) whether or
not the total intermediate host population 1s constanty
(2) there is a sequence of recurring epidemics that stabli-
1ize each cycle which peak and return to the threshold
values; and (3) each epidemic oycle represents a different
get of environmental conditions (different aspeots of the
development of a subject literature), Thus, according to
Goffman and Warren, it is possible to control the inform-
ation transfer process of the journal literature by
controlling the intermediate host population ( journals)
alono.bs Goffman and Warren state that these are impli-
cations derived from the logical extention of mathematical
statements, There is neither confirming nor negative '
evidence for the validity of these mathematical deductions,
It is hoped by this author that the following study may

support our understanding of this information transfer

process,
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II
STATEMENT OF THE RESEARCH PROBLEM AND

GENERAL METHODOLOGICAL- APPROACH

Stiatement of ihe Research Problem

Although both Bradford's law of dispersion and

the epidemic theory have béen reported in the literature,

no apparent attempts have been made to establish a link

between these two bibliometric techniques., Brookes, how-

ever, believes that such a link should exist, He states:

"One of the next steps proposed
is to combine this model of Bradford
scatter with Goffman's model of
dissemination so that a three-dimen-
tional model with the effects of time,
growth and scatter of disseminating
sources relating to any toplic from
its ori%ination can be examined, It
geems likely that, once the epidemic
stage of development of a topic has
been reached, the model of subsequent
development will be foung to be closely
gimilar for all topics,"

The aim of the research discussed here is to

examine the diachronic growth of a subject literature

using both the Bradford law of scattering and the epldemic

To accomplish this goal, the study seekss

(1) to ehow the applicability of the epidemic theory to

28
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an examination of the journal structure of a subjeot
literature;

(2) to determine the utility of a diachronic incremental
application of Bradford's law from a subject literature's
amorphous beginnings to maturity;

(3) to demonstrate a linkage between the Bradford law of
dispersion and the epidemic theory.

' Before one can proceed, some definitions and
assumptions must be explicitly stated to avoid possible
confusion, For the purposes of this study, the terms
journal, periodical and serial, though technically not
the identical bibliographic object, will be used inter-

changeably,
A degree of confusion exists concerning the terms:

Bradford's law of scattering, Bradford's law of dispersion,

Bradford's law and the Bradford distributlion, Bradford
himself used the term "law of scattering” to describe the
empirical .phenomenon that now bears his name, However,
this suthor favors the use of the term "dispersion” in
place of "scattering® as a more accurate reflection of
the empirical phenomenon, As stated In Chapter I,
Leimkuhler made a distinction between Bradford‘'s law of
dispersion and the Bradford distribution. Most authors
fncluding this author use these terms in a generic sence

to describe the overall phenomenon,

WA
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General Methodology

The data base for this study is composed of all
the serial references (including conference proceedings)
found in the literature of symbolic loglo from 1841
through 1960 as they appeared in (1) A Bibliography of
Symbolic Logic by Alonzo Church, (2) Additions and Cor=
rections io "A Biblicgraphy of Symbolla Loglic® by Alonzo
Church and (3) the "Reviews® section of the Journal of
Swmbolio Logla. 20 3 ¥

The basic Church Bibliography and Additiona and
Corrections cover the literature from its earliest
beginnings with Leibniz in 1666 through 1935, It 1s
generally agreed that there were some sarly contributions
made to the field of symbolic loglc prior to 18403 however,
most scholars believe the discipline of symbolic logic
began in the 1840-1860 time period, This has been confirmed
by a study done by E, W, Beth, Using the Church "Biblio-
graphy” Beth found for the period 1798-1887 that in the
firat five succeeding decades (1798=1807,,.4s440491838=
1847), the total literature production for symbolic logic
was one article per dscade, In the four remaining decades
(1848-18574+¢00000,1878-1887) he found that the productivity
of symbolic logic literature had risen to 3, 8, 31 and
100 articles per decade respectively, The critical point
in this ninety year period is the 1840-1860 period, Before
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this critical period there was a small constant production
of papers (one per decade), Subsequent to this critical
period the production of articles in symbolic logic
proceeds at an exponential rate, Beth stated that:

*(1) up to 1847, publications on
symbolic loglic were not evoked by those
immediately preceding them, but b{ a
more or less constant stimulus origin-
ating from a remote past)

(2) after 1847, publications are
evoked by those immediately,”

In addition both George Boole and Augustus de Morgan
(excluded by Beth in his study) began publishing their
work in 1847, Therefore, this study begins with the
1840 decade,

The remaining time period 1936-1960 is covered
exclusively by the "Reviews" section in the Journal of
! Symbolic Logic (JSL). No other source was used to augment
this collective bibliography. The acceptance of material
from the "Reviews" aection is baged on the following
statement:

*It is intended that this section
of the JOURNAL shall serve as a complete
1 bibliography of current literature in the
field of symbolic loglic, from January 1,

1936, To this end, an effort will be
made to include in it, at least by title,
all publications in this field, both
books and articles in journals, and as
far as posalible thege will be accompanied
by signed reviews,"”

Although no material bearing a bibliographic
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publication date more recent than 1960 was included in
this study, the "Reviews" section was gsearched for all
time relevant material through Journal of Symbalic Logia,.
XXXVII (1971-1972). The reason for the cutoff date of
1960 and the search of material through 1972 is that there
ia a significant time delay of 5 to 10 years for some of
the more obscure material to be published, Since one of
the requirements for a Bradford study is the establishment
of a large bibliography, every attempt was made to include
all time relevant material, In fact, in the last issue
gurveyed (JSL, 37(4) published 12/72), there were 3 biblio-
graphic citations to work published prior to 1960,

As stated before, this work includes only serlal
citations., All references to monographic materials and
edited collections have been excluded, The categories
of material included in this study are articles pudblished
in periodicals or conference proceedings and book review
citations, It is assumed that the contributions made by
the monographic and edited collections to the total liter-
» ature of symbolic logic will be reflected in the book
reviewing media of the scholarly periodicals, A monograph
of great 1mportaﬁce will be more widely reviewsd in the
scholarly press than one of little importance, Thus, the
field of symbolic logic as reflected in the Church biblio-
graphies and the JSL "Reviews” has determined the subject
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jiterature of symbolic logic that is to b examined in
this atudy.

Once the bibliographic material was extracted
from the Church bibliographies and the JSL "Reviews"®
gections, the completed bibliography was transfered to a
journal by year order; a count of articles per journal
per year was compiled and placed in machins readable
format retaining a journal identity code, number of
articles and year, From this data base, a ranked produc-
tivity listing for any time period could be obtained, For
the purposes of this study, three liat%ngs were compiled:
(1) a 5 year interval cumulative 1isting beginning with
the time period 1841-1850 through 1841-19603 (2) a 10 year
{nterval 1isting beginning with the time period 1841-1850
through 1951-1960 and (3) a 5 year interval 1listing
beginning with the time period 1846-1850 through 1956-1960,
The largest listing, the complete cumulative 1841-1960
1isting, contained 10,265 articles in 871 unique periodicals,
From the ¢-‘a in these listings, it was a simple matter
to trace the growth (or decline) of any single or group of
periodicals containing material germane to the subject of
symbollic loglc.

All data needed for the_grAphs and calculations used
in the epidemio theory portion of this study were taken
from the ranked productivity 1istings for each time period.
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These listings were tabulated in ranked order removing all
references to individual titles, The format for these
listings was identical to that used by Bradford and others
with the exception that log, was used instead of log,, a8
suggested by Brookes.7’ 8 The tabulated productivity
1ieting data upon which all Bradford distribution calcula=
tions and graphs are based can be found in Appendix A,

NOTES

1B. C. Brookes, "Jesse Shera and the Theory
of Bibliograghy.“ Journal of Librarianship, V (October,
1973), 233-248, 258, _

2Alonzo Curch, "A Bibllography of Symbolic
i»g%igi; Journal of Symbelic Logic, I (December, 1936),

3Alonzo Church, "Additions and Corrections to
'A Bibliography of Symbolic Logic'y" of
Logig, III (December, 1939), 178-212,

1936 ““Reviews." Journal of Symbolic Legic, I- ’

Sgvert W. Beth, The Foundationa of Mathematics,
2nd g;v;eed ed, (Amsterdam: North-Holland Publishing, 1965).
PP -53.

6upeviews," Journal of Swmbolic Legic, I (March,
1936). L2,

75. ¢, Bradford, Documentation
Crosby Lockwood, 19535- pp. 150-151,

BB. €, Brookes, "The Derivation and Application
of the Bradford-Zipf Distribution," Journal ef Rocuman~
tation, XXIV (December, 1968), 252=253,

, 2nd ed, (Londons

i dadiasdin




II1
RESULTS

General Qbservations
The symbolic logic literature is a typical subject

1iterature in which material published in a periodical
format provides the vast bulk of the original research
material, indeed most of the total literature ftself,
Figures 3 and 4 illustrate the typical exponential growth
curves for the total number of articles and Journals, rea-
pectively, These cumulative growth curves are almost
identical in nature and are basically the same as previously
described by Price.l The state of the current symbolic
logic literature is represented by the steep exponential
portions observed in each curve, E
Table 2 presents the cumulative growth patterns
for the articles and journals, It is significant that
while the cumulative number of articles is approximately
doubling every ten years, the number of periodicals is
increasing by a factor of 1,3 to 1,4 for the same time
span, This exponential growth is also revealed by the
continuous increase in the average cumulative articles/

journal ratio, In the 1841-1850 time period, the ratio

S A A oS
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is at its lowest point of 1,0 and peaks in 1841~1960 at
11,8, The cumulative article/journal ratio may be taken
as an indicator of internal organization and compactness,

¥When one studies the change in the symbolic logic
literature using articles or journals per time period
(Pigures 5 and 6 respectively), one no longer observes
an exponential curve, but rather a broken curve with a
series of peaks, The broken curve illustrates the fact
that a literature does not grow in a smooth pattern, but
rather in a series of spirts, Again note the identical
nature of these curves (Figures 5 and 6),

The effects of World Wars I and II are dramatically
reflected in very marked decreases in the number of articles
and Jjournals published during the war years, This war
effect (especially World War II) can also be seen on the
cumulative curves by a marked break in the exponential
growth, Because the cumulative function is insensitive
to all but the severest disturbances in the growth patterns
of a literature, the war effect in Figures 3 and 4 is much
subdued,

Table 3 also reflects the increase in the article
per journal ratio from a low of 1,0 in 1846-1850 to a peak
of 7.7 in 1951-1955, Notlice, however, that this increase
is not regular as seen in Table 2 nor is'it as large, le,

7.7 versus 11,8 respectively, The irregular increase in
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the article/journal ratio can be explained by the overall
irregular growth of the literaturs itself, Secondly, the
literature studied as a total cumulative body may exhibit
a greater degree of organization and compactness that is
lacking when one looks at the literature in each time
period,

Eplderic Analvais
The great potential for the epidemic theory as a

numerical bibliographic technique lies in its ability to
chart the rate of growth (or decline) of a subjeot liter-
ature, In analyzing the development of the symbolic logic
1literaturs through its periodical atructure using the
epidemic theory, one must consider that at any'given point
in time there are three disjointed classes of perlodicals:
(1) pericdicals that are currently publishing articles on
some aspect of symbolic logic (infectives); (2) periodicals
which may publish a symbolic logic érticle in the future
(susceptibles); and (3) periodicals which have published
an article in the past, but no longer do so (removals),
Since exact solutions are not always possible with
the systems of nonlinear differential equations (given in
Chapter I) for the rate of change for the variables I, S
nd R with respect to time, one must use in thelr place

and adequate approximation, One can obtain these
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approximations by an examination of the observational data,
In place of dI/dt (Equation 4) one can determine &I/ at
for each time period, In order %o calculate the Al
(infective journal) the following definitions were used:

11 = Number of titles occurring only in the
given time periods

Iz = Number of titles which were contained
in the previous time period, but
ended in the given time pariods

13 = Number of titles occuring in the pre-
ceeding, given and succeeding time periodsy

Ih = Number of titles beginning in the given
time period and continuing on into the
gucceeding time perlod,

The individual periodical codes within each time
period were assigned to one of the four above categories
and the tabulated results are shown in Table 4, For any
given time period, the number of new infectives, Iq, and
the removals, R, can be calculated from the following
expressions

Ipn=1, + 1, (13)
Re= Il + Iz (1%)
Since the rate of change of the infectives with respect

to time (AI) is the number of new jnfectives minus removals,

A1 is as followst

Al = Ip - R (15)
AT = (I, + 1) = (I +15)  (16)
AI=I, -1, (17)
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When the resulting oI values from Table L are
plotted versus time, the epidemic curve based on period- i
icals results (Figure 7)., The first significant epidemioc %
outbreak ocours in 1880, From that point in time the
symbolic logic literature assumes a recurring eplidemic
character with major periods of activity occurring at
1895-1905, 1925-1935 and 1950, It is interesting to note
the approximate 25 year period between each major period

of activify. If the epidemic process continues to function

in this oyclic manner, one can then predict that the next
na jor peak of activity should occur in the 1975-1980

time period,
The epidemic curve for the symbolic logic liter-

ature besed on periodicals (Figure 7) can be compared to
the author epidemic curve for the symbolic loglc liter-
ature (Figure 8) previously published by Goffman.z‘ 3
The reader is cautioned that a two year shift in values

exists, In this study the total time period examined is
1841-1960 (broken ddwn by five year intervals, 1841~-1845,
1846-1850, etc,) whereas in the Goffman study the total

time period examined is 1847-1962 (broken down by five

year intervals, 1848-185%, 1853-1852, etc.), Hence, 3
Coffman's data and graph are presented using a 3-7, 8-2 -
time cycle while the data used in this study is on a 1-5,

6-0 time cycle,
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In comparing Figures 7 and 8, the great simllarity
between these two ourves is apparent, There are several
differences also worth noting, In the periodical epldemic
curve (Figure 7), distinct shoulder peaks occur prior to
the main peak of the epidemic oycle in 1905 and 19351
however, these shoulder peaks are lacking in the author
epidemic curve (Figure 8), A second difference is In the
position of the last observed peak, In the author epldemic
ourve (Figure 8), the peak occurs at 1957 whereas the per-
fodical epidemic curve (Pigure 7) demonstrates a pesk at
1950, Since this difference ocours so close to the cutoff
point for both studies, an interpretation cannot be
offered without the gathering of additional data,

It is also of interest to study the curves for
the different catégories of periodicals (I1 through
Ib) found in Table 4, The curve for the I, periodicals
in practice represents the removals (FPigure 9). The
1), (Pigure 10) represents the introduction of new sus-
taining infectives, When thess curves (Pigures 9 and 10)
are merged, the result is the periodical epldemic curve
in Pigure 7.

Figures 11 and 12 represent I, and 13 periodicals
respectively, These elements of the periodical structure
are not repreaented.in the calculation for the epidemic

process calculations since the 11 periodicals are cancelled
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Vout and the I3 periodicals are never involved in the
caleulations (see Equations 13-17). The curve for the I,
periodicals (FPigure 11) shows the most rapidly fluctuating
element in the periodical structure, This curve represents
those periodicals which have appeared only once within the
given time interval % § years, ie, a 15 year total time
period,

The curve for the 13 periodicals (Figure 12) illus=-
trates the most stable elemsnt of the periodical structure,
13 periodicals are the journals that are present over the
15 year time period defined above, While L4, I; and Iy
periodical curves are broken with a numbof of peaks
(Pigures 11, 9 and 10), the 13 ocurve (Figure 12) indicates
a marked rise during periods of the epidemic increase,
but it plateaus during periods of the epidemic decline,
When I, and 13 (Pigures 11 and 12) are plotted together,
one ocan see their complementary effect (Pigure 13), Though
the 11 ourve (Figure 11) strongly resembles the periodical
epidemic curve (Pigure 7), there are several interesting
differences, The major epidemic peaks (1905, 1935, 1950,
Figure 7) are delayed by a 5 year period in the I, ourve
(Pigure 11) with the ghoulder peaks (1895, 1925, Pigure 7)
totally missing,

It is8 also of interest to compare the individual

»

curves for the I,, I, 13 and I, periodiocals (Figures i’

Gt ey
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9, 12 and 10 respeotively) with the overall periodical
change curve of the symbolic logic literature (Figure 6).
One can see that I, and I, curves (Figures 11 and 9)
resemble the overall periodical change curve (Figure 6),

Bradford Analyais
From the tabulated summary data for each time

period (See APPENDIX A), a Bradford calculation was
performed according to the Goffman-Warren nethod.u The
Coffman-Warren procedure for a Bradford calculation
standardizes the method by which one establishes the
minimum nucleus of articles for the time period under
oonsideration., These caloulations are shown in Tables
5, 6 and 7, The first Bradfordian analysis was done
on the cumulative literature from 1841~ 1960, The data
was organized cumulatively by 5 year periods with the
summary Bradford calculations given in Table 5,

The first calculation that 1s shown is for the
1841~-1865 time period, During the first 25 year period,
the development of the field of symbolic logic is so small
that earlier analysis is unwarranted, The firat time
the literature shows a true Bradford analysis is the 1841i-
1880 and 1841-1885 intervala (Table 5:¢ IV and V), During
the next 10 year period, the Bradford relationship weakens

TRE ,<E‘:_¥'_ bisbad
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rebuilds, and by 1900 and 1905 (Table 51 VIII and 1X),
the Bradfordian distribution has been established once
again, From 1905 through 1955, the cumulative literature
remains Bradfordian (Table 51 X-XIX),

It ia most interesting to consider the last time
period, 1841-1960 (Table 5t XX), The total distribution
is Bradfordian; however, the first three zones are
decidedly 2ipfian in character,

One can also study the zone pattern exhidbited by
this data., As the literature of symbolic logic grows
in an exponential manner (Figures 3, 4 and Table 2),
one would expect the number of zones to continually expand
also, This, however, is not the case, From 1841-1865, a
gradual expansion in the number of zones occurs from a
pininum of two in 1841-1865 to a maximum of sixteen in
18411945, Boginning with the period 1841-1950 to the
last period 1841-1960, the number of zones decreased from
the maximum of sixteen to thirteen even though the liter-
ature had added 6328 additional articles and 406 additional
periodicals to its structure-- almost a doubling of the
number of articles and nearly equal to the number of per-
lodicals for the 1841-1945 period, This transition point
ocours during the same period that the Journal of Symbolic

Logic assumes the rank of most productive journal in the

cumulative literature (Table 10, code JSBL),
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The Bradford graphs for the cumulative Bradford
study are most interesting (Figures 14-22), One can
readily see the gradual change from linear graphs (Figures
14 and 15) through a transition state (Figures 16 and 17)
to the typical Bradford curves (Pigures 18-22), The
graphs for this cumulative Bradford analysis tend to
support Brookes' statements concerning the transition
between Zipfian graphic character and the Bradfordian
charaoter.S

In studying the smaller 5 or 10 year time periods,
one gees a different situation, Looking at the Bradford
caloulations for the 10 year periods beginning with 1861~
1870 through 1951-1960, the Bradford distribution does not
materialize before the period 1921-1930 (Table 6s VII),
During the war decade the Bradford distribution is not
maintained (Table 61 IX), but is resumed for the time
period 1951-1960 (Table 61 X),

The Bradford graphs for this 10 year inoremental
study exhibit many of the same characteristics discussed
earlier (Figures 23, 24, 25, 26 and 27), Again we have
the early linear graphs (Figures 23 and 24), the typicai
Bradford graphs (Figures 25, 26 and 27), but with no
transition graphs, It is interesting to note that Figure
26 ghowe a Bradford type curve; however, the Bradford

distribution is not maintained (Table 61 IX),

. -
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When one looks at a smaller time increment-~ a

period of 5 years, the establishment of a Bradford
distribution seems to be accomplished with greater ease

at much lower periodical and article values, Using as

the only criterian for a Bradford distribution 1 ¢+ n nz,
etc,, one observes the establishment of Bradford distribu-
tions much earlier for the 5 year periods than with the

10 year periods (Table 7: III, IV, VI versus Table 64 VII
respectively).

In an examination of the Bradford calculations for

each 5 or 10 year period (Table 6 and ?7), no point exists

at which the Bradford distrlbutioh is stabilized for
remaining time periods in contrast to the stabilized cum-
ulative Bradford dlstributions. Instead, & serles of
fluctuating distributions occurs in which so;é_;ro acceptable
while others are not, A comparison of these fluotuations
for the 5 year period (Table 7) to the periodical epidemic
curve (Figure 7) indicates that as the epidemic curve

builds to a peak, the Bradford distributions are quite
regular (Table 7: IV, VII, VIII, XIII, XIV, XVII and XVIII),
After the maxima is reached and the epidemic curve descends,
a disintegration of the Bradford distribution at its lower
end occurs (Table 71 V, X, XX, XVI and XIX). The Bradford
graphs for the 5 year increments show much the same trends

as stated for the cumulative and 10 year incremental studies
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(Pigures 28-39), We observe the linear graphs (Pigures
28, 29, 33 and 36), the transitional graphs (Figures 30,
31, 32, 3% and 37) and the typical Bradford graphs (Flgures
35, 38 and 39), The fluctuations previously mentioned are
readily noted,

Dispersion Ratlos
In looking at the least productive perlodicals

(poricdicala producing one article per time period), an
interesting situation occurs, . The ratio of the number of
single articles per time period to the total number of
articles for the same time period (Art, Ratlo) is a diff-
erent measurs for the article growth of a subject liter-
ature, In the formative stages of a subject literature,
the material is widely dispersed in many journals containing
only one or two articles, As a subject literature grows
more journals accept more than one article pertaining to
a given subject, These journals began to devote an ever
increasing.proportion of their space to this subject, As
this process continues the overall subject literature
becomes less and less diffuse, This concentration of a
subject literature is reflected in the decrease of the
article ratio, This was found to be true for both the
cumulative literature and the 5 year incremental liter-

ature (Art, Ratioj Tables 9 and 10), In both cases, the
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beginning value for the artiocle ratlio was 1,0, encing
with 0,03 and 0,05 respectively, While the cumulative
article ratio exhibited a steady decrease, the five year
incremental article ratio decreased irregularly, The
article ratios (Tables 8 and 9) and the average A/J ratios
(Tables 2 and 3) both document the development of an
internal structure of a subject literature,

This same measure can be spplied to periodicals,

If one takes the ratio of periodicals containing a single
article per time period to the total number of periodicals
per time period (Per, Ratio), one can again obtain a
different measure for the growth of a subject literature,
In the early phase of a literature‘'s development, one
would expect to see the same results obaerved for the
article ratio, This, in fact, is observed, Both the
cumulative and incremental periocdical ratios for the
beginning period start with values of 1,0 and decrease

as the literature slowly begins to grow, However, it was
observed that as the literature grows a point is reached
at which the periodical ratio will stabilize (Tables 8 and
9.

The cumulative periodical ratio shows a remarkable
stabilization at 0,40%0,05, This stabilization occurs at
the completion of the first epidemic oycle (Figure 7),
This is also the point at which the cumulative Bradford
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distribution becomes firmly established ( Table 5: VIII

and IX),
The five year incremental periodical ratio like the

corresponding inoremental article ratio exhibits more
fluctuation than the ratio for the cumulative periodicals,
The basic reasons for this irregularity of these incremental
article and periodical ratios can agaln be seen in the
epidemic curve for the symbolic logic literature (Figure 7).
As the epidemic curve rises, the incremental ratios

decrease whereas when the curve descends, the ratios
inorease (Tables 8 and 9), This effect is completely

lacking in the cumulative article and periodical ratlos,

Swmbelic Logic Literature
The bibliometric study of a subject literature can

also identify the major individual periodicals that contain
the most significant portion of that literature, Table 10
represents the cumulative top fifty periodicals for symbolic
logic as of 1960, These periodicals had the largest number
of articles cumulated over the 120 year period, Compare
Table 10 to Table 11, Table 11 uses the same list of
journals as Table 10, but indicates the individual journal's
contribution for each time period surveyed, It should be

noted that the oldest continuously publishing journals==
mwmmummmﬂ.mmnmm
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Fortschritte der Mathematik (ceased in 1944), Mind and
Revue philosovhigue de la France et Lletranger--all
commenced publication or began carrying symbolic logle
material in the 1876-1880 period, Hence, both surveys
(Tables 10 and 11) began with 1876, Although numerous
relationships can be derived from thege two tables, this
study will present the relationships most relevant to
this study.

When one relates the periodical epidemic ourve
(Figure 7) to Tables 10 and 11, one observes an interesting
situation, As the first epidemic peak (1880) is reached,
the top ranked journal is not significant in cumulative
symbolic logic literature, At the second epidemic peak
(1905), Mind, Revue de Metaphvsique et du Morales and
Bivista di Mathematica are the top ranked journals, res-=
pectively (Table 11), During the next complete epidemic
cycle (1905-1935), the first rank position fluctuates
among Mind, Rovue de Metaphysigue et du Moralea, Monlisk
and Przeglad filezoficzny.

In 1936, Journal of Symbolic Logic (JISBL), the first
journal exclusively devoted to the field of symbolic logic
was founded. Within 5 years, 1936-1940, JSBL became the
leading symbolic logic journal pudblishing 10,1% of the
total citations for that period, During the third epidemic
cycle, JSBL fluorished and by 1946-1950, it was the dominant
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cumulative periodical as well, In 1956-1960, JSBL was
by far the dominant journal, A new journal, Zaltachrift
fuer mathematische Logik und Grundlagen der Mathematlk
(ZEML), which began publication in 1955, ranked second,

Several periodicals ranked in the top 50 cumulative
1isting (Table 10) ceased publication many years prior to
1960, btut due to their important contributions to the
earlier literature, they retain their cumulative signif-
jcance., Some of the most important ceased journals ares
Rivista ¢i Mathematica (1891-1906, 35th), Exkepntnis (1930-
1939, 21st), Monist (1890-1936, 20th), Koninklijke
Nederlandse Akademie von Wetenschappen, Broceedinga,
(1898-1950, 19th), Annalen der Philosophie und Philogo-
phischen Kritik (1919-1930, 32nd), One can see how a
journal like Erkenninia which existed for only & brief
10 year period can influence the core cumulative structure
of a subject literature,

One should alsc be aware of the reverse situation,
Studia Logica and 2EML (see above), although ranked sixth
and second respectively in the period 1956-1960, have
relatively low cumulative rankings of 25th and 26th
respectively,

mables 10 and 11 can also be used to study changes
{n editorial policy toward a given subject field as
reflected in a single pariodical. Fhilosophical Raview

Yy
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(PHCR) began publication in 1892+ and first carried material
on symbolic logic litoratufe. Then a marked shift to
include more symbollic logic literature ocourred (Table 10:
1930, 30thy 1935, 15th) 1940, 12th versus Table 11s 1930,
37thy 1935, 6thy 1940, 9th), By 1945, RICR was well
establiched as a leading journal In the field of symbolic
loglc (Table 10: 1945, 5th versus Table 11: 1945, L4th),
From 1946-1960, PHCR remained a leading symbolic logle
periodical, Simllar studies may be done with each journal
listed,

Another important use for Tables 10 and 11 is the
establishment of a core 1ist of journals for acquisition
and reference purposes, By detecting an increase or
decline in journal productivity, a library can alter their
long range subject acquisition policies to meet the needs

of their collection,

NOTES
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(New Haven: Yale University Press, 1901), p. 105,

24illiam Goffman, "An Application of the Epidemic
Theory to the Growth of Science (Symbolic Logic from

Boole to Godel)," in 22%&2:&3 in Qxhgxngxéga (New York:
Gordon and Breaéh, 1970), vol, III, p. 976.

3William Goffnan, "A Mathematical Method for
Analyzing the Growth of a Scientific Disclpline,”

%nnxngl of the Association for Computing lMachinexy, XVIII
April, 1971), 176,
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of Papers among Journals based on & Mathematical Analysis
of Two Divarse Medical Literatures,” Nature, CCXXI (March 21,
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5B, C. Brookes, "Bradford's Law and the Biblio=
graphy of Science," Nature, CCXXIV (December 6, 1969), 954,
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CONCLUSIONS AND SPECULATIONS

In direct response to the stated objectives,
this study has conclusively shown:

(1) the direct application of the epidemic
theory to the journal structure of a subject literaturey

(2) the utility of a diachronic incremental
application of Bradford's law; and

(3) the direct linkage between the Bradford law
of dispersion and the epidemic theory.

The application of the spidemic theory to the
periodical structure of a subject literature is most
important. This study has established a direct relation-
ship between the definitive host and intermediate host
populations, This relationship was graphically demonstrated
by the great similarity of the periodical (intermediate
host) epidemic curve to the author (definitive host)
epidemic curve,

This Btﬁdy has supported the implication concerning
stability of recurring epidemlics, The cumulative period-
jcal structure provides an important stabillity factor,

53
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This is evidenced by the cumulative periodical ratio
shown in Table 8,

Another point concerns the environmental conditions
of an epidemic oycle, Within each epidemic cycle the
subject literature explores a different phase of the
subject knowledge, Tables 10 and 11 dramatically support
this contention by showing that within each epidemic cycle
a different set of periodicals dominate the core journal
collection,

The application of the epidemic theory has also
shown the need to identify all the contributing elements
in a periodical structure (11' I, 13 and Iu) and to
examine the role each is playing in the overall periocdical
gtructure, This examination is necessary in that only two
of the periodical elements (I, and I“) ars utilized in the
calculation of the epidemic curve,

While the I, and I, elements combine to form the
epidemic curve, the 11 and I3 elements represent equally
important aspects of the total periodical structure, The
11 elements are those periodicals that are primarily found
as significant journale in other subject literatures, The
curve for the I1 elements represents a measure of the inter-
disciplinarity with which a given subject literature inter-
acts with the periodical structure of adjoining subjeot

literatures, As a subject disoipline grows and develops,
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it inherently draws on material from allied disciplines
to nurture and develop its own ldeas and concepts, The
degree to which any of these allied subject literatures
contributes to the given subject literature varies at any
given point in time, Hence, the literature linkages be-
tween the given subject literature and adjacent liter-
atures is in a constant state of flux,

In contrast, the 13 reriodical element represents
the degree to which the internal periodical structure has
developed, This curve illustrates the growth of the
core journals that stablilize a subject literature, With-
out the establishment of these journals, 1t is most unlikely
that a discipline can be established, Thus, this element
can be seen as a measure of the maturity which a subject
discipline has achieved,

In any attempt to curtail the periodical growth of
a subject literature, one must determine how any curtail-
ment will affect each element in the periodical structure,
As Ziman has said: "The invention of a mechanism for the
systematic publication of fragments of scientific work
may well have been the key event in the history of science."1

The use of the Bradford analysis is most signifi-
cant, One can readily see the inter-relationshlp of the
Bradford distribution and the epidemic process, As the

literature reaches its first epldemic peak from its early
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formative development, the first cumulative Bradford
distribution is eatablished, During the firat epidemic
oycle the Bradford distribution weakens and rebullds itself
at the second epidemic peak, During the second epidemic
cycle with the cumulative Bradford distribution well
established, the internal periodical struciure develops,
but there is no single journal that dominates the field,

Upon completion of the second epidemic cycle, the
discipline establishes a single journal which in a short
period of timeé, not only establishes itself as the primary
journal within the incremental time period, but ranks first
among all the cumulative periodicals, One can measure
the virulence of a particular periodical by its rapid rise
within a subject literature, The more virulent a journal
becomes, the faster the rise within a subject literature's
journal productivity list,

During the third epidemic cycle, the single period-
jical absorbs a great part of the subject literature lead-
ing to a decrease in the total number of tones, yet allow-
ing the number of articles to continuously expand, By the
end of the third epidemic cycle, the Bradford distribution
achieves a Zipfian character in the first three zones
indicating the degree to which the core journals have
become saturated, At this point, fragmentation of the

central journal(s) occurs, allowing new sub-disciplines

i
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to be established such as the application of symbolic
logic to computer science, etc, These new sub-disciplines
then begin their own epidemic processes,

As the subject literature grows to the point that
new disociplines break off and begin their own epidemic
cycles, the question arises: What happens to the Bradford
distribution of the overall literature? This atudy provides
a very incomplete answer at best, As stated in the
previous paragraph the cumulative Bradford distribution
in the first three zones has a Z2ipfian character for the
last time period observed, 1841-1960, What the Bradford
distribution would be at the end of the fourth epidemic
cycle is unknown at this time, Although Brookes has also
posed this question, neither Brookes nor this study can
indicate a complete answer except that further observational
data on a large topical discipline is needed before one
can attémpt to answer this queation.2

Other structural properties that warrant further
investigation are the article/journal ratio, the article
dispersion ratio and the periodical digpersion ratio,
‘Each of these different ratios can be used to measure‘the
degree to which a subject literature is organized,

The conclusions and speculations presented in this
study are based on the analyéis of only one Bubjeot liter-

ature, There have been no such analysis published for
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any other subject literature upon which one can draw any
comparative material, Hence, the results, conclusions and
speculations presented may be unique only to the liter-
ature of symbolic logic or they may be generalizadble to
other subject literatures, Only future epidemic and
Bradford studies done oﬁ other diverse subject llteratures

can answer this questlon,

NOTES

1J. M, Ziman, "Information, Communication,
Knowledge," Nature, CCXXIV (Ootober 25, 1969), 318=324,

28. ¢, Brookes, "The Derivation and Application of
the Bradford-Zipf Distribution,” Journal of Decumentation,
XXIV (December, 1968), 247-265,
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TABLE 2

CUMULATIVE GROWTH OF THE SYMBOLIC LOGIC LITERATURE

Time Cumulative Cunulative Average

Period Number of Number of A/J

Articles Journalg

1841-1850 3 3 1.0
1841-1855 [1 5 1.0
1841-1860 6 5 1,2
1841-1865 12 ? 1.7
1841-1870 18 12 1.5
1641-1875 24 14 1,7
1841-1880 77 2 2.4
1841-1885 128 2 3.0
1841-1890 157 50 3.1
1841-1895 243 65 3.7
1841-1900 316 77 .1
1841-1905 7 101 4,5
1841-1910 642 127 5.1
1841-1915 800 149 5.4
1841-1920 928 156 5,9
1841-1925 1096 187 5.9
1841-1930 1486 226 6,6
18“1-1925 2078 05 6,8
1841-~-1940 3192 05 7.9
1841-1945 3931 465 8.2
1841-1950 5638 589 9.
1841-~1955 8065 741 10,2
1841-1960 10259 871 11,8
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TABLE 3

CROWTH PATTERNS OF THE SYMBOLIC LOGIC LITERATURE
FOR EACH FIVE YEAR PERIOD

Time Total Number Total Number Average

Period of Articles . of Journals A/
18411850 3 3 1,0
1851-1855 2 2 1,0
1856-1860 1 1 1,0
1861~1865 6 3 2,0
1866-1870 6 5 1,2
1871-1875 6 5 1,2
1876-1880 53 20 Z.Z
1881-1885 51 20 2,
1886~1890 29 22 1.3
1891-1895 86 2 3.7
1896-1900 73 2 2,8 I
1901-1905 141 46 3.1 :
1906-1910 185 62 3.0 :
1911-1915 158 ’ 65 2,4 3
1916-1920 128 22 3.5 ‘
1921-1925 168 2,5 g
1926-1930 390 37 4,0 3
1931-1935 592 145 4,1 E
1936-1940 1114 205 z.u
1941-1945 739 158 o7 .
1946-1950 1707 252 6.8 4
1951-1955 2427 315 7.7 1
1956-1960 2200 313 7.0 ~
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TABLE 4

EPIDEMIOLOGICAL VALUES FOR THE SYMBOLIC LOGIC
LITERATURE BASED ON PERIODICAL TITLES

ot i

Time # of
Period Par. Il IZ I3 Ih IT R Al
isué-iss0 3 3 0 0 0 3 3 0 ;
1851-1855 2 2 0 0 0 2 2 0 :
1856-1860 1 0 0 0 1 1 0 1 o
1861~1865 3 2 1 0 0 2 3 -1
1866-1870 5 3 0 0 2 5 g 2
1871-1875 5 2 2 0 1 3 -1 k
1876~-1880 20 12 0 1 ? 19 14 5
1881-1885 20 7 [ 4 b 11 12 -1
18861890 22 11 5 3 3 14 16 -2
1891-~1895 2 8 3 3 9 1? 11 6
1896=1900 2 8 2 9 ? 15 10 5
1901-1905 46 17 1 15 12 30 18 12
1906-1910 62 21 9 18 1 35 30 5
1911-1915 6s 24 15 17 9 33 39 -6
1916-1920 37 6 Z 17 5 11 1 -4
1921-1925 66 20 19 23 43 2 19
1926-1930 97 26 14 28 29 55 40 15
1931-1935 145 50 11 43 4y 91 61 30
1936-1940 205 79 4 43 42 121 120 1
1941-1945 158 48 34 51 25 73 82 -
1946-1950 252 100 16 60 76 176 116 60

1951~1955 315 109 40 93 73 182 149 33
1955-1960 313 - - e
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TABLE 8

A COMPARISON OF THE DISPERSION RATIOS OF THE

CUMULATIVE SYMBOLIC LOGIC LITERATURE

75

Time Total Total 2 Art, Per,
Period Art. Per. Ratio = Ratio
1841-50 3 3 3 1.0 1.0
1841-55 2 5 B 1,0 1,0
1841-60 5 .66 .80
184165 12 7 6 «50 .86
1841-75 24 14 10 A2 .71
1841-80 7?7 2 21 27 .66
1841 -85 128 2 24 .19 57
1841-90 157 50 25 .16 .50
1841-95 243 65 N W13 A48
1841-00 316 7?7 32 .10 M2
1841-05 7 101 39 .09 .39
1841-10 642 127 51 .08 40
1841~15 800 149 58 .07 39
1841-20 928 156 58 .06 37
1841~25 1096 187 75 .07 40
1841-30 1486 226 8 .06 37
18#1-35 2078 05 11 . 2 «37
1841-40 3192 05 14 .0 ¢35
184145 3931 465 17 ) Y
1841-50 5628 589 216 Ol .37
1841-55 8065 41 278 .03 .38
184160 10265 871 321 .03 .37

# Number of periodicals containing a single article,




A COMPARISON OF THE DISPERSION RATIOS IN

TABLE 9

SYMBOLIC LOGIC LITERATURE FOR EACH
FIVE YEAR PERIOD

e

76

Tinme Total Total 2 Art, Per,
Period Art. Por. R
1846-50 3 3 3 1,0 1.0
1851-55 2 2 2 1.0 1,0
o A T T T
1“ * . 7
1871-7% 6 5 4 .67 .80
1876-80 53 20 13 +25 .65
1881-85 51 20 9 .18 45
1891-95 86 23 11 .13 A48
1896-00 73 26 11 .15 A2
1901-05 141 46 22 .16 U8
1906~-10 185 62 31 .17 «50
1911-15 158 65 37 23 57
1916-20 128 37 19 W15 «51
1921-25 168 66 31 .18 41
1926-30 390 37 33 .09 .36
1931-&5 592 1hs 6 .11 S
1936-40 1114 205 69 .06 1
1941-45 739 158 75 .10 N7
1946-50 1707 252 106 .06 42
1951-55 2427 315 112 .05 .36
1956-60 2200 313 115 .05 $ 37

# Number of periodicals containing a single artlcle,




TABLE 10 -

A LISTING OF THE TOP 50 SERIALS
IN THE CUMULATIVE SYMBOLIC LOGIC LITERATURE

7

1960 1955 1950
AJTH ho WU 46 o 3?7 .5
AMIM 3?7 o5 32 .6 25 .8
AMMM 28 .7 24 .8 22 .8
ANFY 7 1.8 9 1,8 14 1,5
APNN 2 .6 2 6 21 .9
AUJP 1 ¢S 6 N 60 o3
BRJP 37 02 57 3 - -
BUAM 10 1, 8 1.8 ] 2,4
CASP 42 .2 43 N 83 o2
CRHE “9 1, 10 1.6 %i 1.2
DEU 0 ’ ? . .
DIAL 3 .2 26 .2 8 .2
DOKA 1 1,0 29 o7 3 «3
ENSM 4s b 35 o5 23 .8
ERKT 21 .9 17 1.1 1 1,6
FUNM 11 1.3 12 1.3 1 1.3
INDA 21 .z 23 .8 39 .5
JAPM 50 . 41 5 28 o7
JBDM 30 o7 20 .9 17 1,2
JPHY 3 3.2 3 3.2 3 .8
JSBL 1 8.3 1 7. 1 9
KONI 19 ) 19 .9 3 .E
MAKG 37 .5 38 oS 5 .
MATA 14 1.1 15 1,2 15 1.4
MAT2 33 .6 28 7 0 'Z
METS 13 1.1 14 1.3 ? .
MIND 2 4,6 2 5.1 2 [
MOST 20 .9 16 1.1 11 1,6
PHCR 4 2,5 4 2.5 3 2.3
PHDM 18 1,0 21 .8 87 .2
PHPH 27 7 30 o7 29 o7
PRPR 5 1.9 1 2,1 ? 2.3
PHSC 6 1,9 6 1.6 4 2,5
PRCM 42 5 97 2 288 .
PRDA 42 o5 39 .S 27 o7
PRZP 16 1,0 12 1.3 9 1.9
RECW 50 b 57 o3 199 .l
REGM 35 6 26 o? 18 1,0

# value less than ,1%,




TABLE 10 -

A LISTING OF THE TOP 50 SERIALS
IN THE CUMULATIVE SYMBOLIC LOGIC LITERATURE

77

1960 1955 1950
AJTH 49 o 46 N 7 .5
AMIM 3?7 o5 32 .6 25 .8
AMMM 28 o7 24 .8 22 ,8
ANFY 7 1.8 9 1.8 14 1.5
APNN 2 .6 2 6 21 .9
AUJP 1 ] 6 N 60 3
BRJP 3?7 5 57 o3 - -
BUAM 10 1.6 8 1.8 L] 2.4
CASP 42 .2 43 M 83 .2
gggi “9 1. 10 1,6 gi 1.2
0 . 7 . [
DIAL 3 .2 36 .2 8 .2
DOKA 1 1.0 29 o7 3 .3
ENSM 4s b 35 ] 23 .8
ERKT 21 o9 17 1.1 1 1,6
PUNM 11 1.3 12 1.3 1 1.3
INDA 21 .3 23 .8 39 .5
JAFM 50 . 41 .5 28 o7
JBDM 30 o7 20 .9 17 1,2
JPHY 3 3.2 3 3.2 b ) .8
JSBL 1 8.3 1 7. 1 .9
KONI 19 ) 19 .9 3 .E
MAKG 37 o5 38 o5 5 .
MATA 14 1.1 15 1.2 15 1.4
MATZ 33 .6 28 o7 0 .Z
METS 13 1,1 14 1.3 ? .
MIND 2 4,6 2 5.1 2 5.4
MOST 20 9 16 1.1 11 1,6
PHCR 4 2,5 4 2.5 6 2.3
PHDM 18 1,0 21 .8 87 .2
PHPH 27 o7 30 o7 29 o7
PHPR 9 1.9 2 2,1 7 2.3
PHSC 3 1.9 1.6 4 2,5
PRCM 42 .5 97 .2 288 *
PRDA 42 o5 39 o5 27 o7
PRZF 16 1,0 12 1.3 9 1.9
RECW 50 o 57 e3 199 ol
REGM 35 .6 26 o7 18 1,0

# value less than ,1%,




TABLE 10-CONTINUED

Code _Rank % Total

Rank % Total

REMM 15
REPP 48
REPL 35
SCVM n
STUL 25
SYTS 12
THER 24
TRAM 23
XICM 47
XICP 8
XIPS 4s
ZEML 26
ZET™ 28
Total %

Av, A/J 11,8

11
41
%
61
18
22
o
7
3

11
25

AJTH Lo
AMJIM 21
AMMM 21
ANPY 17
APNN 18
AUJP 78
"BRJP -

BUAM 4
CASP 113
CRHS 39
DEUL 28
DIAL -

DOKA 291
ENSM 16
ERKT 8
FUNM 14
INDA 291
JAFM 19
JBDM 12
JPHY 3

JSBL 2
KONI 153

163
20

262
16
?
15
18

130

Rank % Toial

[y

[y

g e @« o e o o ¢ s o0 o

W

OEFENO WOW DO

Wk e
" e n e 8 Jeo e
HUARWON oSS




TABLE 10-CONTINUED

79

1948 1940 1915
MAKG 42 o5 41 o5 50 N
MATA 11 1.8 Z 2,0 9 2,8
MATZ 26 .8 2 9 17?7 1.2
METS - - - - - -
MIND 1 5,6 1 5,6 1 6.6
MOST 6 2.3 5 2,9 2 4.4
PHCR 5 2, 12 1,8 15 1.3
P}{m - - - - - -
PHPH 36 6 by o5 61 o3
PHPR 20 1,0 148 . - -
PHSC 9 2,2 14 1.6 30 o7
PRC" L - - - - -
PRDA 25 .9 20 .9 42 5
PRZP 10 2,2 8 2,7 5 3.1
RE“ - - - - - -
REGM 12 1.5 11 1,8 9 2,7
REMM 2.3 z 2,9 3 3.9
REPP 53 . 4 .g 42 .E
REPL $3 M 5 . 50 .
SCVM 31 o7 3 .6 46 .5
STUL - - - - - -
SYTS 137 o1 113 .2 - -
THER 21 .9 33 o7 - -
TRAM 24 9 30 o7 27 .8
XICH 28 .8 20 .9 15 1.3
XICcp 15 1.3 13 1.6 22 .9
XIFS 31 o7 27 .8 - -
ZEML - - - - - -
2ETM 52 ol & ] 61 o3
Total % 50,5 5108 50,5
Av, A/J Y 9 6 . 8

1930 1925 1920
Code  Rank % Total Rank % Total Rank % Totasl
AJTH - - - - - -
AMJIM 18 1,1 ;z 1,2 17 1.4
ANMM 32 o? .6 41 o5
ANFY - - - - - -
APNN 50 o 68 3 69 .2
AUJP 2 113 o1 - -

BRJP

92




TABLE 10-CONTINUED 80

1930 1925 1920
Code Rank % Total Rank % Total Rank % Total
BUAM 9 2.6 10 2,0 11 1.8
CASP 92 2 113 1 98 o1
CRHS 67 o3 - - - -
DEUL 4h 5 113 el 98 1
mm - - - - - -
ENSM 12 1.2 11 1.8 10 2,2
ERKT 35 . - - - -
FUNM 15 1,2 31 o7 - -
INDA - - - - - - :
JAFM 11 1,8 11 1.8 12 1.& -
JBDM 6 3.4 6 3.4 3. s
JPHY [ 3.6 5 3.8 s 3,6 E
JSBL . = - - - - - :
KONT 75 .3 72 .2 - -
MAKG 92 .2 - - - -
MATA 8 3.0 8 .0 8 2,6
NATZ 18 1.1 48 .S - -
METS - - - - - -
MOST 3 4,0 y 4,0 b Lu g
PHCR 30 o7 ) o7 n .8
PHDM - - - - - - :
PHPH - - - - - - 3
PHPR . = - - - - - :
PHSC - - - - - - §
PRCM - - - - - - 1
PRDA 30 2 25 .8 23 1.0
PRZP 7 3.2 7 3.3 9 2,5
RECW - - - - - - ]
REGM 4 3.8 3 5.2 3 6.1 :
REMM 2 5,2 2 6.3 2 7. 3
REPP iy 2 b .5 b1 o5 ’
REPL 35 . 41 .5 69 o2
SCVM - - - - - -
STUL - - - - - -
SYTS - - - - - -
THER - - - - - -
TRAM 27 9 34 .6 4y .5
XICM 1 1,2 21 1,1 .20 1,1
XIicp 1 1.3 18 1.3 20 1.1 :
XIPS - - - - - - i
sz - - - - - - E
ZETM - - - - - -
Total % 52,1 51,7 51,6
Av, A/J 5.9 5.9 E 5.9 4




1918

TABLE 10-CONTINUED

1910

AJTH
ANTH

ANFY
APKNN
AUJP
BRJP

CASP
CRHS
DEUL
DIAL
DOKA
ENSH
ERKT
FUNM
INDA
JAFU

JPHY
JSBL
KONI
MAKG
MATA

METS
MIND
MOST
PHCR
PHDM
PHPH
PHPR
PHSC
PRCM
PRDA
PRZP
RECW
REGM
REMH
REPF
REPL
SCVN
STUL
SYTS
THER
TRAM
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TABLE 10-CONTINED
1910

82
1908

XICM
XICP
XIPS
ZEML
ZET™

Total %

Av, A/J 5.3

1200

% Total

% 108

46,5
5.1

1895

Rank % Tatal h

¥l

43,7
4,5 g

1890

Code

Rank % Total

Rank % Total

Rank % Total

AJTH
ARJM

ANPY
APNN
AUJP
BRJP
BUAM
CASP
CRHS
DEUL
DIAL
DOKA
ENSH
ERKT
FUNM
INDA
JAPM
JBI#
JPHY
JSBL
KONI
MAKG
MATA
MATZ
METS
MIND
MOST
PHCR
PHDY
PHPH

N

o

[y

te o
W W

[+,}
[ I I I A
W

[ N N B R 2 B Bt I I I )
prrd
-
[+8

N
[y
O

wn
&

[ O B
= ]

[0 I O I B AL

(=]
N

B R -G N NN I AV I B A I I AV R N )
W
ers

o

2.1
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ge
0

o
0 8 0 8-
o

[ 20 2 I B A

o
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O
N
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&
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N
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TABLE 10-CONTINUED 83

1900 1895 1890
Code . Rank % Total Rank % Total Rank % Tatal

PHPR
PHSC
PRCM
PRDA
PRZF
RECW
REGM
REMM
REPP
REPL
i SCVM
a STUL
{ SYTS
) THER
TRAM
XICM
XICP
XIPS
ZEML
ZETM

Total % 33.8 30.0 20,9
Av, A/J 4.1
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182%
% Total

Rank

1880
Rank % Total

1889

Rank % Total

Code

INDA
JAFM
JBDM

JPHY

JSBL

MAKG

KONI

MATA

METS

MIND
MOST
PHCR

PHDM

PHPH

PHPR
PHSC

PRCM
PRDA
PRZF
RECW
REGM

REPF

SCVM
STUL
SYTS
THER

REPL

TRAM

XICM
XIPS

2EML

ZETM

8

4

2

5

19

0

Total %
Av, A/J 3



TABLE 11

A TRACING OF THE TABLE 10 SERIALS

BY PIVE YEAR INTERVALS

85

1956-60 1951-5% 1946-50
AJTH 7 3 106 o2 28 .B
AMIM 199 » 65 4 55 o
AMMM 59 N 37 o6 35 6
ANPY 8 1,8 6 2.5 Z z.a
APNN 71 o3 106 .2 4 .
AUJP 32 o7 36 .7 4l U
BRJP 15 1.1 18 1,2 - -
BUAM 32 o7 47 5 1 1,0
CASP 36 .6 28 .9 4 o
CRHS 9 1,5 10 1,6 4 4,1
DEUL 79 o3 73 .3 ] b
DIAL 15 1,1 3 .B 2 .8
DOKA 6 2,2 13 1.5 24 o9
ENSM - - - - - -
ERKT - - - - - -
FUNM 10 1.5 15 1.4 15 1,2
INDA 15 .1 12 1,6 11 1,6
“JAFM - - - - - -
JBDM - - 204 * - -
JPHY 6 2,2 5 2,7 5 3.2
JSBL 1 11,2 1 8.7 1 10,
KONI 19 1.1 9 1,7 1 1,6
MAKG 49 o 26 .9 87 .2
MATA 49 n 30 .8 39 .g
MATZ 107 .2 33 o7 55 .
METS 64 ' 3 3.1 13 1.5
MIND 2 2,8 2 o2 3 h,9
MOST - - - - - -
PHCR 13 2,6 4 2,8 -9 2,3
PHDM 14 1.4 Vi 2,3 22 W7
PHPH 26 .9 Lo .6 2 'Z
 PHFKR 21 1,0 11 1,6 2 S,
PHSC 15 1,1 21 1,0 ? 3.2
PRCM 12 1.4 40 .6 110 W1
PRDA 79 .3 148 .1 55 oo
PRZF - - - - 16 1,1
RECW 46 .5 21 1,0 78 2
REGM - - - - - -
REMM - - 148 .1 29 .7
REPF 157 o1 k3 ] 33 N




TABLE 11-CONTINUED 86

1946-60 1951-55 1946-50
Code  Rank % Total Rank % Total Rank % Total
REPL 107 o2 32 o7 18 1.1
SCVYM - 49 oo 28 .9 35 N
STUL 5 2.3 19 1,1 - -
SYTS 19 1.1 17 1,2 8 3.0
THER b .7 4o .6 20 .z
TRAM 12 1.4 58 A b4 .
XICM 107 o2 106 .2 52 b
XIcp 64 N 8 2,2 3.3
XIPS - - - - 16 1.1
ZEML 3 2,7 4 o5 - -
ZET 43 Y. 1 1.3 29 .7
Potal % 51.5 56.9 65,8
Av, A/J 7.0 7.7 6.8

# VYalus less than ,1%.

1941-1945 1936~1940 1931-15

1 Rank % Total Rank % Total
AJTH 9 1,8 102 .2 82 .2
AMJIM 20 .9 38 o5 18 1.4
AMMM 11 1,6 24 .8 27 1,0
ANFY - - 4 3.3 27 1,0
APNN 12 1.5 21 . 12 2,2
AUJP 59 o3 57 . 82 2
BRJP - - - - - -
BUAM 7 3.0 ? 2,8 4 4,2
CASP - - 137 .1 sk o3
CRHS 14 1,2 32 .6 82 .2
DEUL L4y N 18 1.1 21 1,2
DIAL - - - - - -
DOKA - - 137 ol - -
ENSM - - 16 1,2 16 1.5
ERKT - - 2 4,8 2 4,7
FUNM 30 .7 16 1,2 2,7
INDA 84 W - - - -
JAFM - - 27 o? 36 o?
JBDM il N 57 N 14 1.7
JPHY 2 5.8 8 2,7 5 3.5
JSBL 1 13,4 1 10,1 - -
KONI - - - - - -
MAKG 59 3 32 .6 27 1,0




TABLE 11-CONTINUED 87

1931»#5 1936-40 1931-3%
MATA . 32 .6 11 2.h
MATZ 33 .2 5?7 R 18 1.4
mTS - - - - - -
MIND 3 5. 3 3.7 2 4.9
MOST - - 137 .1 1 S.2
PHCR 4 5.1 9 2,6 6 2.7
PHDM - - - - - -
PHPH 14 1,2 27 o7 21 1.2
PHPR s z.o 102 2 - -
PHSC 6 o7 S 3.2 9 2.5
PRDA 33 5 13 1,7 - -
PRZP - - 11 2,0 6 2.7
RECW - - - - - -
REMM - - 20 1,0 36 .7
REPP - - 57 n 6 .5
REPL. 44 N 76 .3 - -
SCVM 20 .9 24 .8 14 1.7
STUL - - - - - - -
SYTS 20 .9 4s R - -
THER 8 2,2 12 1.9 - -
TRAM 9 1.8 38 - o5 36 7
XICM - - 76 .3 16 1.5
XICP - - 6 3.0 - e
XIPS - - 10 2.3 - -
2oL - - - - - -
ZETM 8l .1 27 o7 21 1,2
Av, A/J U,7 5.4 4,1

1926-10 1921-2% 1916-20
Code  Rank %
AJTH - - - - - -
M 37 .8 - - - -
ANMM 37 .8 21 1,2 12 2.3
ANPY - . - - - - -
APNN 31 1,0 36 .6 19 .
AUJP 52 5 36 6 - -
BRJP - - - - - -
BUAM 2 4,y 7 3,0 12 2.3




TABLE 11-CONTINUED

1226-30 1921-29% 1916-20
Code  Rank % Total Rank % Total — Rank % Total
CASP 52 S - - - -
CRHS 24 1.3 - - - -
DEUL 15 1.8 - - - -
DIAL - - - - - -
mKA - - - - - -
ENSM 37 .8 - - 6 3.9
ERKT i1 2.2 - - - -
PUNM 9 2, I3 4,8 - -
INDA - - - - - -
JAFM 13 1.8 5 3.6 6 3,9
JBDM 3.6 ? 3.0 S o7
JPHY 6 2.8 2 5.4 2 133
JSBL - - - ‘- - -
KONI 52 .5 21 1.2 - -
MAKG 3?7 .8 - - - -
MATA 2,8 2 Sl 16 1,6
MATZ 6 2,8 7 3.0 - -
METS - - - - - . -
MIND 1 3.9 11 2.4 6 2.9
MOST 3 .1 17 1.8 1 14,1
PHCR 37 .8 36 .6 16 1.6
PHDM - - - - - -
PHPH - - - - - -
PHPR - - - - - -
PHSC - - - - - -
PRC" - - - - - -
PRDA 52 .5 - - 19 .8
PRXP 5 3.1 1 7.7 3 10.9
REC' - - - - - -
RmK .- - - - - -
REM 15 1.8 17 1.8 4 7.0
REFPP 52 .5 36 .6 - -
REPL 37 .8 11 2,4 - -
SCYM i - - - - -
STUL - - - - - -
SYTS - - - - - -
THER - - - - - -
TRAM 19 1.5 21 1,2 16 1.6
XICM 19 1.5 21 1,2 - -
XICP 24 1.3 11 2.4 - -
XIPS - - - - - -
sz - - - - - -
ZETM - - - - - -
Total % 53.7 53.9 72.7
Av, A/J 4,0 2,5 3.5
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TABLE 11~-CONTINUED

1906-10
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XICM 9

XICP
XIPS
ZEML
ZETM

Total %
Av, A/J
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1896-00

14 1.6
13 2,2
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16 1,
6 4,

N
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3.1
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TABLE 11-CONTINUED

1886-90

16891-95

1896-00

1.4

16

PHDM
PHPH
PHPR
PHSC
. PRCM
PRDA
PRZP
RECW
REGM
REMM
REPF
REPL
SCVM
STUL
SYTS
THER
XICM
XICP
XIPS
ZEML
ZETM

272.5

1.3

46,6

k2.9
3.7

Total %
Av, A/J 2,8

1876-80

1881 -85
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Figure 3, Cumulative Article Growth Curve,
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Figure #, Cumulative Journal Growth Curve,
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Figure 5,
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Figure 6, Change in Number of Journals,

97

300%
()
-d
<
A
o
b
o]
-
w 2%
(o]
o
w
E
z 100k
F= oW W | I ] -
1840 860 1880 1900 1920 1940

TIME




98

Figure 7. Epldemic Curve for Symbolic Logle
Literature Based on Periodical Data,

o
3 o
T T

S
O
T

n
O
1

CHANGE IN NUMBER OF PERIODICALS
3 8

o—
40 | ] ] | ! i

1840 1860 1880 1900 1920 1940 1960
TIME




99

Author Eplideric Curve for the
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Figure 9. I, Periodical Curve,
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Figure 11, I1 Periodical Curve,
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Figure 12, 13 Periodical Curve,
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Figure 13, I1 {x) and I‘3 (o) Periodical Curves,

1204

% ool ,
e
E 60L ,
Q. ’
IL 40— P.'d
o
m
20L
£ e
o } 2 :
-4
0»(3:&-\-‘-’3-—:;0‘0‘ b
1840 1860 1880 900 1920 1940 1960

TIME




nrF

SUM
40.00

72.39

£%.90

8]

(%]

()

RATI1
48.00

32.00

24.00

Pigure 14,

6.00

105

Bradford Curve 1841-1880,
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11 Flgure 15, Bradford Curve 1841-1895,
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Bradford Curve 1841-1905,
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o Pigure 17. Bradford Curve 1841-1915.,
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1| Pigure 19, Bradford Curve 1841-1930,
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Pigure 21, Bradford Curve 1841-1950, 112
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Bradford Curve 1901-1910.
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' Plgure 24, Bradford Curve 1911-1920,
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Pigure 25, Bradford Curve 1921-1930, 116
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Bradford Curve 1881-1885,
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Figure 30, Bradford Curve 1896-1900,
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Pigure 31, Bradford Curve 1901-1905, 122
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" Pigure 32, Bradford Curve 1911-1915, .
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| Plgurs b, Bradford Curve 1921-1925. 125
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‘v.. Plgure 35, Bradford Curve 1931-1935, 126
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. ' Pigure 36, Bradford Curve 1941-1945,
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. Plgure 37, Bradford Curve 1946-1950,
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' Plgure 38, Bradford Curve 1951-1955. 129
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IDENTIFICATION OF SERIAL CODES USED
IN TABLES 10 AND 11

Code  Title And Year Firat Published

AJTH
AMIM
Aoy
ANFY
APNN
AUJP
"BRJP
BUAM

CASP
CRHS

DEVL
DIAL
DOKA
ENSM
ERKT
FUNM
INDA
JAPM

JBDM

Ajatus (Helsinki), 1926+

American Journal of Mathematics, 1878+
American Mathematical Monthly, 1894+
Analysis (Oxford), 1933+

Annalen der Philosphie und Philosophischen
Kritik, 1919-1930

Australasian Journal of Philosophy, 1923+
British Journal for the Philosophy of Science, 1950+

Bulletin of the American Mathematical
Society, 1891+

Ceskoslovensky Casopis pro pestovani
Mathematiky, 1872+

Comptes rendus hebdomadaires des seances de
1'Academie des Sciences (Paris), 1835+

Deutsche Literaturzeitung, 1930+
Dialectica, 1947+

Doklady Akademii Nauk SSSR, 1933+
Enseignement mathematique, 189§+
Erkenntnis, 1930-1939

Pundamenta Mathematicae, 1920+
Indagationes Mathematicas, 1939+

Jahrbuch ueber die Fortschritte der
Mathematik, 1868-1944

Jahresbreabericht der Deutschen Mathematiker-
Vereinigung, 1850+
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Title And Year First Published

JPHY
JSBL
KONI

MAKG
MATA
MATZ
METS
MIND
MOST
PHCR
PHDM
PHPH
PHPR
PHSC
PRCM

PRDA

PRZP
RECW
REGM
REMM
REPF

Journal of Philosophy, 1904+
Journal of Symbolic Logic, 1936+

Koninkli jxe Nederlandse Akademie von
Wetenschappen, Proceedings, 1898-1950

Mathematical Gazette, 1894+

Mathematische Annalen, 1869+
Mathematische Zeitschrift, 1918+

Methodos, 1949+

Mind, 1876+

Monist, 1890-1936

Philosophical Review, 1892+

Philosophical Studies (Minneapolis), 1950+
Philosophy, 1926+

Philosophy and Phenomenological Research, 1940+
Philosophy of Science, 193h+

Proceedings of the American Mathematical
Society, 1950+ .

Proceedings of the Ariastotelian Society,
1887-1896, 1900+

Przeglad filezoficzny, 1897+

Review of Metaphysics, 1947+

Riviste di Mathematica, 1891-1906

Revue de Metaphysique et du Morales, 1893+

Revue philosophique de la France et de
1'Etranger, 1876+
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APPENDIX B-CONTINUE™

Title And First Year Published . _

 REPL
SCVM
STUL
SYTS
TRAM
XICM
XICP

XIPS

ZEML

2ET™

Revue philosophique de Louvain, 1894+
Scripta Mathematica, 1932+

Studia Logica, 1953+

Synthese (Utrecht), 1936+

Theoria, 1935+

Transactions of the American Mathematical
Society, 1900+

International Congress of Mathematics,

Proceedings, 1896+

International Congress of Philosophy,
Proceedings, 1901+

International Congress of the Philosophy of
Science, Proceedings, 1936+

Zeitschrift fuer mathematische Logik und
Grundlagen der Mathematik, 1955+

Zentraldblatt fuer Mathematik und ihre
Grenzgeblete, 1931+
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