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Introductory Note From The Exec. Editor

This special issue of JISSI contains the last instalment of
selected papers from the Fourth International Conference on
Scientometrics, Informetrics and Bibliometrics-in 1993.

Publication of this jourhal from a third-world country like
India should be considered as a significant but natural event.

Publication of scholarly technical journals is now in a
critical stage. Future of journals is being debated -all over the
world, As yet, the doom5 day for scholarly journal is not
within sight. Journals will continue in publication, in
whateverforms they may be. There will be on line journals and
there will be journals on telefax.It is difficult to envisage individual
issues of a highly specialized technical journal on CD-ROM.

The situation is peculiar. In respect of production and
utilization of research communications the gap between the North
and the South or between so called Developed and Developmg
countries is increasing despite serious concern of many

The so called international journals published from
develaped countries and by the big publishing houses are already
out of reach of most of the scholars and libraries of the developing
(third-world) countries. The first reason is the high subscription
price. Most of the third world countries have utterly incompatible
exchange rates of their currencies with those of developed countries.

“Second reason is the supply channel. In most cases the airmail

surcharge is also very high.

Again there is scarcely any provision for harnessing
information from or subscribing to online databases or journals
in machine readable format for a scientist or a student in a
developing country. There is lack of equipments and lack of money.

, ]

- On the.other hand there a re too many journals which
need to be consulted by a scientist. The over-all cost of purchasmg
Jjournals has become tremendous.

T~
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At the other side of the game, the scientists from developing countries and non-English-
major countries are finding it more and more difficult to get their papers published in truly
international good quality journals (excepting a few) not because the contents are not good but
because of ‘many other peripheral reasons. Major two reasons are poor quality of language or
expression and inability of utilising sophisticated t00ls, instruments, equipments, printing or graphic
facilities etc. ‘

The only possible wayouts seem to be to have new journals on every emerging specialized
subject area published from the developing countries. Such journals should primarily be in the
hard copy format and they should also be made available in machine readable form and on line.

As it happens, many of the developing countries now have expertise in modern and futuristic
publishing and growing facilities for online connections.

This is what exactly we are aiming at with JISSI.

Instead of searching in a dozen or more journals sciento- mformetl icians may now look joz
their materials in two or three jour nals mcludmg JISSI. '

JISSI is presently being publlshed in hard copy format only. From 1997 we shall be able to
prowde JISSI on floppies also

To speed up publication and coverage in secondary services we have already taken necessary
steps to receive submissions in machine readable form, get them refereed and edited on floppies,
proof corrected by the authors and sending the content pages and abstracts to the secondaryservices
through speediest possible channels. But,“we shall continue in receiving typed manuscripts and
processing them in the best possible manner. We like to assure our prospective authors and peers
and subscribers and readers that we shall publish the best quality materials only. And we shall
continue in helping authors from non-English-major countries by language editing of their
 manuscripts by experts.

* Subir K Sen

156 JISSI & 1(3-4) September - Deccmber. 1993



Preface

The International Conference on Bibliometrics,
Informetrics and Scientometrics held in Berlin,

September 11-15, 1993, and organized under the.

auspices of the Minister of Science and Research of
the Land Berlin, Senator Manfred Erhardt, was the
fourth in a series of increasingly prominent biennial
conferences. Previous meetings were held in Bel-
gium, 1987, in Canada, 1989, and in India, 1991.
The fifth conference will take place in Chicago,
1995, and itis already planned to organize the sixth
conference in Israel in 1997.

The Berlin Conference was the largest Bibliometrics

meeting so far. About 180 scientists from 32

countries attended the conference. In all, 145 pa-
pers were presented as lectures or posters. » The
conference, however, proved to be a notable event
in more respects. For the first time bibliometricians
from East and West, North and South took the
opportunity for personal contacts and for sharing
their scientific views with colleagues from almost
all regions of the world.

The program covered many topics of-our field. Of
course, research evaluation was one of the focal
points of the meeting. The great number of "evalu-
ative" studies also reflects the increasing demand
for such research results in science policy. A part
from applied studies (evaluation of research in
selected fields and/or special regions, countries or
institutions; analysis of scientific collaboration), a
series of methodological papers were presented
marking the advances in recent "basic" research in
scientomeincs. Several theoretical papers addresed
topics like information measuies, library circula-
tion models, and generalizations of ciassical
bibliometric laws (Bradford's law, regularities of
srowth and obsolescence of scientific literature,
stc.) and proved the quality and importance of
informetric research in our field.

The Berlin Conference was held in memory of Derek
de Solla Price, one of the pioneers-and founders of
scientometrics, who died in 1983. In the inaugural
address by the honorary chairman of the conference,
Eugene Garfield, and in the plenary session com-
memorating Derek de Solla Price, his personality and
the impact of his work on present bibliometric re-
search were stressed. A report on the history of the
Price Medal, which is-awarded by the journal
Scientometrics since 1984, and a review of the
scientific work of the Price awardees were given.

The plenary session "Bridging the gaps between
Bibliometrics, Scientometrics and Informetrics" was
a further high-light of the conference. The plenary
lectures showed the great concem bibliometricians
have for the development and future of -their field.
In this context the foundation of the International
Society for Scientometrics and Informetrics (ISSI)
during the conference can be seen, too. The society
aims at encouraging communication in our field. co-
ordinating organizational tasks and helping to estab-
lish scientometrics and informetrics as a scientific
discipline:

We would like to thank all the referees and other
persons who have helped in reviewing the some 110
papers submitted for publication in the conference
proceedings. The selected papers are published in four

_separate proceedings volumes. Three of them arc

special issues of the international journais
Scientometrics, Research Evaluation. and
International Journal of Science and Science
of Science.The fourth volume, focussed on
informetric topics, is now being published in parts
by the present journal, JISSI : The International
Journal of Scientometrics and Informetrics.

Wolfgang Glinzel
Hildrun Kretschmer

Guest Editors
(Editors of the Conference Proceedings)



Message of Greetmg
_ from :
the Senator of Science and Research,
Prof. Dr. Manfred Erhardt,
. to the 4th World Congress on Bibliometrics, Informetrics and Scientometrics
from 11 to 15 September 1993

Ladies and gentlemen,

I welcome most cordial'ly all participants of your 4th World
Congress to Berl:Ln, the old and the new German capital.

I was happy to assume the patronage of your meeting and I pay -
tribute to the excellence of the founder of your young scientific
d:Lsc:Lpl:Lne, Derek de Solla Price, the tenth ann:wersary of whose
death you are commemorat:mg

I am pleased that you have chosen our city as the venue of your
congress for it enables Berlin once again to fulfil its new
geopol:LtJ.cal function as a central European metropol:Ls : we are
the host and meeting place of sc:.ent:Lsts from the North and the
South from the East and the West.

My special greetlngs go to all who are able, after the fall of
the Wall, to pursue the1r international contacts free from
external and internal constralnts at long 1ast

About 150,000 students are enrolled at 17 tertiary education
:Lnst:Ltut:Lons in the city of sc:Lence, Berl:Ln, among them three
un:Lvers:Lt:Les with three teach:.ng hosp:Ltals four col leges of art
and nine spec:Lal techn:Lcal colleges. There exist, in add:Lt:Lon,

more than 70 extra un:Lvers:Lty research :Lnst:Ltut:Lons.'
IS

Berlin :I.S also a c:Lty with a r:Lch cu1tura1, 1:Lfe and a surrounding
countrys:Lde worth seeing. I hope you will have t:Lme to enj oy both
outs:Lde your work at the meet:Lng.

I wish your congress every ‘success and I wish a11 of you a
pleasant stay 1n our c1ty.

Yours sincerely,

Signature
Professor Dr. Manfred Erhardt

Berlin, 30 August 1993



Where Linguistics, Physical Measurement and
Social Measurement Converge

. David Andrich
School of Educatlon, Murdoch University, Westem Australia 6150, Australla

Classiﬁéatioh of entities is central to thinking and language, to applied problem solving and

to scientific research. The paper is concerned with ordered classes which reflect more or less

of some property, and which are used often when no measuring instrument is available.

Ordered classes mirror ‘measurement in that they are envisaged to-partition a continuum into
adjacent classes, and the entities of classification are presumed to be located at points on a

" - continuam. In the prototype of measurement, the continuum is partitioned inte equal classes,

termed units, and the estimate of the location of the entity is taken simply as a count of the
number of units it exceeds from the origin, where the precision of the estimate increases as the
size of the unit decreases. Ordered. classes also differ from measurements in that their number
is finite, they are not presumed to be equal, and uncertainty of classification is built
immediately into any model which characterises the dassnﬁcaﬁon process. While classes are
defined conceptually and operationally, it is known from linguistics that classes are also
defined relntlvely, in that if one of the classes in a semantic space is added or removed, the

relative Theanings of the other ¢lassés ‘chiange, The paper shiows-thiat the probabilistic Kasth-: -

- model for ordered classifications, which is known to provide invariant estimates of location
of entities with respect to different instruments and therefore with respect to different
partitions of the continuum when the model holds, also has the surprising features that it is
hoth sensitive to the kind of relative definition of classes understood in linguistics and that it

specialises fully as the prototype of measurement when the classes form equal units. In -
particular, the relative probability of classnﬁcatlon ina parﬁcular dass depends on the size _
of all classes in the system, and not just the one class and fthe adjaceént classes on either side -

of it, and in the case of equal classes as in measurement, the hest estimate of the location of
the enfity is simply the caunt of the classes frem the origin and the precision of the esfimate

increases inversely as the size of the <lass.

1. . Intreduction and Summary
Central in everyday langmage, in formal ac-
fivities involving applied problem solving, and in
scientific research, is classification. By classifica-
tion is meant that classes are conceptualised so
that different entities can be assignedto one ofthe
dasses. In everyday language this tends to be
rried out implicitly, while in scientific work it is
carried out very explicitly. This paperis concerned
with a particuiar kind of classification. system in
“which the classes have some kind of osdinal struc-
ture among them and:in which the classification of
anrentity 1 a particulas class involves: somﬁ‘lmeer-
WMneeds to, be. characterised formally.
Ordered classification systems ase common in
the. soaatsmemes, andmp..,,. cular, where mea-

- ISSE & 13-4, S.Bp.t%n.iber-z - December 1995

surement of the kind found in the physical sciences

would be desirable, but no measuring instrument

exists. This paper brings together three lines of
study, first, the relationships among ordered classes
in a semantic space from z linguistic perspective,
second, a probabilistic medel of social measure-
ment for ordered classes which belongs fo the: set
of Rasch models{1] third, physical measurenent
and the structure of madels in natural science, and
shows how thethree converge to be consistent and

mutually reinforcing.
The: rest of the paper is structured as ﬁ)ﬁ@ws
Section: 2 bn:eﬂy mﬁyses&me inpurstic relation-

ship among classes, centraltowhichis that classes
are defined not enly opesationally, but also
terms of each other; Section 3 briefly constructs

159
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the Rasch model of soc1al measurement for classi-- .

fying entities into ordered classés, central to which
is that the locations of entities are invariant under

different partitions of the continuum; Section 4 * -

briefly articulates the prototype of measurement,
central to which is the partitioning of a continuum
into mutually exclusive contiguous classes of equal
size from a natural origin® . To anticipate the
argument in the paper, the comerstone of the
- relationship among thesethree lines of study1s that
theRaschmodel forordered classes both specialises

to the case of: physical measurement and has the .

property that location:of ‘an entity in any class
depends on the operation of all classes. Section 5
summarises this relatlonshlp and Section 6 makes

it concrete with an analy51s of a réal data set usmg.

the model

2. ngulstlc Classes .. .

Though tlns paper is not about a theory of
classes, some comments are reqmred to  clarify the
case with which-it is- concemed. First, the mini-

mum number of meaningful classes istwo-a class

that contains certain-entitiés and the complemen-‘ o
tary class that excludes them. ‘Second, and by
extension, classes 1mp1y both' comparisons. and

contrasts intherelevant context. Thus entities that
belong to mutually exclusive classes, and therefore

by definition are different, also have someTelevant -

features in common For example if books are
defined accordmg to whether they belong tothe
class of fiction or the complementary class of non-
fiction, the entities have the ¢ common feature that
they are books > The relevant common features,

background and context for the contrasts 1mpl1ed :

by the different classes is termed generally the
semantic_space.  Third, classes defined withini

some semantic space may be related to each other

nominally or ordinally, the distinction being thatin
the former the classes are different in kirid, while in
the latter they are different in degree. This paper.

2 By measurement - is meant fundariental measurement,
sometiimes also referred to as additive or conjoint measure- .

meént (Wright, 1985; Duncan, 1984), and does not refer to
levels of measurement as expressed in Stevens(l94$)

b For example, in general one would not make an issue of
the feature that shoes and books form mutually exclusive
classes, simply because in general shoes and books have
nothing relevant in common.

160

is concerned with ordered class1ﬂcatlons where

the relationship among the classgs implies more or

less of some property, such as moreor less correct
in a specified sense, more or less relevant to some

_requirment, and so on. Table 3 shows an example
“ofa set of four ordered classes, termed inadequate

setting, discrete setting, integrated setting, and
integrated and manipulated setting, according to

‘which writing samples from students were as-

sessed. While this caseis specific, it is presented as

~ prototypic of the kind of classification system with

which this paper is concerned.
-Classes themselves are usually assigned names,

- which may be either single words or phrases, and
. are termed linguistic entities. For example the

term’ mtegrated setting of Table 3 names and
represents a property of an essay, - .and the word

s ‘Sheep names and represents a kind of animal. In
 ordertojudge whither or fiot any entity belongs to
~ adlass, therr conceptual deﬂmtlons must be made

operatlonal and thisi is. central to. apphed problem

_sohving and to-empi irical research inthat they direct
: data collection: It might be expected, especially in
scientific work, that the: operatlonal definition of
""claSSes prowdes a unique and invariant classifica-
“tion process. However, classes which partition

some -semantic space are not just defined opera-
tionally, but, according to Saussure[2] also rela-
tively. Thus Saussure articulated that lmgmstlc

- entities-in’ general:did not. have meanings only in

terms of some object that they represented, but that
the meanings of words were defined also in terms
of each other: The former Saussure referred to as
the signification of the linguistic entity, and the
latter he referred to as its value.

Within the same language, all words used to
‘express related ideas limit each other recipro-
- cally; synonyms like French redouter ‘dread’,
" criandre ‘fear’and avoir peur ‘be afraid’ have
valueonly through theiropposition: if redoubter
did not.exist, all its content would go to its
competltors The value of just any term is
accordmgly deﬁned by its environment; it is
1mposs1ble to fix even the word signifying
‘sun’without first cons1denng its surround-
ings: in some languages it is not possibleto say
‘sit in the sun’... (Saussure, 1959[2], p.116).

If this principle of linguistic value is umver-
sal, then definitions of all classes should obey the

JISSI ¢ 1(3- 4) September - December 1995



LINGUISTICS, PHYSICAL MEASUREMENT AND SOCIAL MEASUREMENT

principle. This means that within some system of
classes, no matter how rigorously defined opera-
tionally, if one class were eliminated or added, then
it would change the relative operation of the other
classes. How they change is an empirical question.

The point to emerge from this analysis is that
the operation of classes is in some sense less
objective and determinate than might initially be
considered: because the operational definition of
each class depends in part-on the definition of all
other classes, the probability of an entity being
assigned to each class depends on the definition of
all classes, and not just that class. The tasks of the
rest of the paper are first to demonstrate that
though apparently lacking one kind of objectivity,
this feature is consistent with the Rasch model for
ordered classifications’ so that another kind of
invariance and .objectivity of the location of an
entity nevertheless prevails, and second, to lend
further credibility to this kind of objectivity, to

show that it is entirely consistent with physical .

measurement.

3. The Rasch Model for Ordered Classifica- |

tions

The prototype of measurement is the location

of an entiy on a real line partitioned by thresholds

sufficiently fine that their own width can be i1g-
nored, and the use of an instrument to locate the
entity onthis line. Thus in principle, the continuum
is divided  into mutually exclusive contiguous
classes of equal size, the size being called a unit.

Then the observed location of the entity, usually -

~termed a measurement, is the count ofthe number
of classes exceeded from the origin. A distinction
is made between the hypothesised location of the
entity, and the observed measurements directed
towards identifying the location. It is understood
that instruments have operating ranges, but in
principle, the measurement of an entity is not taken
to be a function of the operating range of any one
instrument — if an entity is outside the range of an
object, then another instrument is sought. -
Although the number of categories is finite,

ordered classification systems in the social sci- -

ences mirror measurement in that a latent con-
" tinuum is postulated and the classes are located on
the continuum. In elementary treatments, the pro-
totype of measurement is followed closely, and the

JISSI # 1(3-4) September - December 1995

location of the entity is taken to be the count of the
category, from the first, in which the entity is
located. In more advanced treatments, the sizes of
the categories or the intervals are not assumed

. equal, but are estimated, and a probabilistic ele-

ment is formalised 1mmed1ately to the class1ﬁca-

- tlon process.

" The two major models for ordered classifica-
tions are those based on the work of Thurstone[3] -
and Rasch{1], who expressed similar requirements
of an invariancé data had to meet before they

" - permitted measurement[4]. However, unlike

Thurstone, who used populations, Rasch expressed
his réquirements in terms ofa single individual and
a single instrumept:

The comparison between two stimuli should be
-independent of which particular individuals
were_ipstrumental for the comparison; (A

Symmetrically, a comparison between two in-
“dividuals should be independent of which par-
ticular stimuli within the class considered were

" instrumental for comparison; ...(Rasch, 1961,

p.322). - (B)

- The mathematical counterpart of these re-
quirements for discrete variables can be expressed

in a number of forms [1,5,6], but the one conve-

nient in this exposition is expressed multiplica-
tively:

Pr {xp,}=——(§p /-]‘[ wk,}

Vpi k=1
Ep> 0,04 > 0,00, =1 6"

where &, is the locatien of entity p, wy;, k=1,m;
are the locations of m; ordered thresholds of

" _instrument i which partition the continuum into

m;+1 ordered classes (wy; =1 for complete-
ness), X,; , x,; €{0,1,2,...m; } is an integer
random variable denoting the m+1 successive

classes, and Ypi = 2 (‘f / Hwk;) is a
: x=0

normalising factor. Figures 1 and 2, which show
the probabilities of classification of a set of essays
graded using the classifications of Table 3 as a
function of £, , and the more symmetric In £, ,
illustrate the operation of Equation (1).

l161
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" To appreciate how the definitions of classes
cometo haveg relative influence on each other, the
medel is derived briefly from dichotomous classi-
fications at each threshold k. Consider that the

continyum is partitionedby two thresholds oy and
@9; where ©; > oy; and thatin the first instance,

decisions ‘at these thresholds are made indepen-
depyly. If ypp; =1 indicates that the classification
for entity P with instrument 1 at thresheld k is in the
positive dlrectlpli, and yp =0 is its complement,
then the unique model that satisfies condmons A

and B [7,5,8.9 ] takes the form

}?r{ypja =% mk’} - _Tl_:; B.r{yp_ki =Lay }

) ,
—77;(@/ wkz) @

where 77,1 =1 +(¢‘p ! ) is anormalising

facter. The probabilities of all possible out-
comes are shown in Table 1.

However, in order for thereto be a response in
only one of three ordered classifications, the re-
sponses cannot remain independent, and in par-
ticular, if wy; > w); , then the outeome (0,1), in
which the object is classified above the second
threshold and below the first ene simultaneously,
cannet ocpur. Accordingly, the enly legitimate
eutcomes are those that cenform to the Guttman
pattern, and if the probablhtles are renormalised
within the Guttman patterns, and these are sugces- -

- sively characterised by the randem variable X,

Xpi €{0,1,2}, then the probabilities are as shown
in Table 2. These can be generalizedto any number
of thresholds and identified with Equation (1).

Ta{;le 1 : Probabilities of the joint autcomes (yll, .‘12!) at thresholds 1 and 2

owame v

{on yz,)} P"{(yxw"m )}
.9 ’(V L %zx)
4,9 {60/ o} By
@ B (51/ @2/ My
) (ﬁ/ %%)/ Tt My

Tahle 2 : Probabilities of the single antcomes, (x,;) when the outcomes
thr

wmtsw to. ‘&he Gutmmq pattel:n

Wmﬂ

oS — e e s e VR Py T

{(yu Bl )} = Xpi

(Q .65 ;.M
9 =1
4 B, =2
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The key step in this construction is that when
the independent outcomes at each threshold are
brought together and constrained to the Guttman

_pattem, the denominator in Equation (1) contains
all thresholds, and therefore the probability of
being located in any one of the classes becomes a
function of the sizes of all classes, and not just one
particular class. Further, if two adjacent catego—
ries x and x +1 are combined to give category x' in
Equation (1), then Pr{x;} =Pr{x;} + Pr{(x+1);;}
cannot be expressed in the form of Equation (1)
[10,5,6,11.]. These effects are consistent. with the
relationship between the value and signification of
a linguistic entity discussed in Section 2, and they
are elaborated in Section 5. o

4. Physical Measurement

The function of mesurement in science is
central to the formulation of quantitative scientific
laws and furthermore, fundamental measurement
seems to ensure that these laws take on a simple
multiplicative structure [12,13].

...virtually all the laws of physics can be ex-
pressed as multiplications and divisions of
measurement (Ramsay, 1975 [13], p 258).

...throughout the gigantic range. of physical
knowledge, numerical laws assume a remark-
ably simple form, provided fundamental mea-
- surementhastaken place(Ramsay, [13], p262).

The teason that laws take on such a structure
may bethat counts of units, which involve succes-
sive additions of the unit, are expressed as multi-
plications. This relates to the property of funda-
mental measurement that entities may be amal-
gamated or concatenated, and then the new entity
so formed behaves as a single entity with a value
equal to the sum of the values of original enti-
ties[14]. Measurement of mass exemplifies funda-
mental measurement: two objects may be amal-
gamated, and then within Newton's laws of mo-
tion, the new object behaves like a single object
whose mass is the sum of the masses of the
individual objects. It is evident that Equtaion (1)
has the multiplicative structure of parameters con-
. tained in the laws of physics, and it is shown later
in the Sectlonthat, when specialisedtotheprotoype
of measurement, it unmedxately charactenses con-
catenatlon

JISSI @ 1(3- 4) September - December 1995

Though central to the formulation of physical
laws, it is understood that measurement inevitably

‘contains error. In expressions of deterministic

theories, these errors are considered sufficiently
small relative to the variation in the locations of
entities measured that they are ignored. Neverthe-
less, on replications of measurements, the ob-
served locations of the entity on the continuum are
expected to be different, the variation depending
on the size ofthe unit and control of the instrumen-
tation; then these differences in observed locations

- manifest themselves as différent . medsurements,

Equation(1)immediately specifies the random com-
ponent which represents this error, and it is shown
later 1 in the Section that, when specialised to the
prototype of measurement, as the size of the unit
decreases and the implied precision increases, so
the variance of these measurements also decreases.

Suppose now that as in the prototype of mea-

- surement, the thresholds @y are equally spaced,

and that the first threshold is at a distance ; from
the origin of 0. Then «j is the unit of instrument 1,
and the locations of the successive thresholds are
given by w; = lw;, wy; =2w; ,w3;=3w;, ....... Wy
=x@; , (Wo; = 1).Substituting these values for the
thresholds in Equation (1), and upon simplifica-

| tion,
Pr{xpi}z”l_{(fp/wi)x/ﬂ},
Vi b
%, €{0,12,...m}, L 3)
Where? pi = %0{(§p/wi)x/x!}. If, as in the -
x=

prototype of measurement, the number of catego-
ries is not finite so that in principle
X pi €{0,1,2,.....w} then

b

w= 2 {(&p/o) [ei} ety /o) ana

Equation (3) reduces to the Poisson distribution

Prlx, } = o %e/e) (£, /0% /1),

xp,- € {0, 1-,2,....00}__ : [£))
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~ Thus the distribution of responses is Poisson
whose parameter is the ratio- of the loation of the
entity &,andthesize of theunit w,, and therefore
the expected value and variance are given by

E[X ,]= V[XP,.] =&,/ o )

From this resultit is now shown that the model

charactenses concatenatlon and that as the unit -

decreases in size, the variance of the replicated
measurements decreases proportionately.
Concatenation. It is well known that the sum

oftwo Poisson distributions is again Poissonwhose

parameter is the sum of the parameters of the
original distributions. Therefore, if two entities p
and q aremeasured using the samé instrument i, the
probability— of the sum of the measurements

Vp+q)i —xp +TXgi is given by

((§p + 5;1) /@
o - (6)
with E[Y(,,+q),~]_= (é,, +§q)/ @;.

Thus if two entities are concatenated, the sum

of the measurements of the two entities has the
same distribution, and therefore the same expected
value, as that of an entity whose parameter is the
sum of the parameters of the original entities.

Precision. Suppose an instrument n with the
unit size co =w;/n is used® to measure the same
entity p. Then according to the expectation from
Equation (5)
E[Xpn] p/a’ “’fp/w/n_"’gp/“’ ™

indicating that in the smaller units, the location
of the entity is n times that in the original units, as
expected (e.g. a measurement in millimétres has 10
times the value of a’‘measurement in centimetres).
In ;he original units of X,;, in which X,,, = X,,;/ n
(a measurement of x inm = x/10 cm),

€ To be concrete, the reader might take throughout that o,
is ‘one centimetre and that n= 10 s0 that o=1 mllllmetre
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'(§p+§q)/wlx
proportlonately larger. Expressed in original units

y _ _ o
i) /YL Vipry)i e{0,12,....00}

=& o, (3

showing that the measurements in the unit (1/
n)th of the original unit, but expressed in the
original unit, retains the same expected value. The
essential distinction here between obtaining a mea-
surement in a particular unit (reflected by Equa-
tion (7)), and then expressing this measyrement in
a different unit (reflected by Equation (8)). The
latter step, being after the data are collected, does
not change the parameter of the %’oisson distribu-
tion, only the units in which the observations are
expressed, while the former, which pertains to the
data collection, affects the parameter in terms of
the size of the unit in which the data are collected.

Next, according to the variance in Equa-
tion (5),

V [Xon=Epl @n=8p oy im)=nsyl 0 )
- Indicating thatin the new units the vari ance in

E[x,,]= E[X /n] —ng, /@,

however,

4 [Xpn]=V[Xp,-./n]_— /a), (10)

showing that the measurement i$ made in a

unit (1/n)th of the original unit, then the variance

of the measurement reduces proportionately by 1/
n. This means that as the size of the unit is made
smaller, so the variance of measurements is made
smaller, and a sufficiently small unit may be
reduced sufficiently, and therefore the precision of
measurement increased sufficiently, so that the
error in any particular measurement may be ig-
nored for certain practical or theoretical purposes,

-as in deterministic laws of physicsd, Further, as the

parameter of the Poisson increases, it tends to the
normal distribution, so as the unit decreases, the
distribution of the errors of measurement tend to
the normal, which is* consistent with what is ex-
pected in physical measurement. :

' T‘hus the model of Equation ) specialises. to

d Note that as the new unit @ becomes smaller relative to
the ongmal unit w,, then V[Xm]—v /@, in the new unit
becomes larger. Thus as the unit becomes smaller, and the
estimate of & more preecise, so the uncertainty of any
particular outcome in this unit becomes greatér. In the limit,
infinite prescision leads to infinité uncertainty in: the infi-
nitely small units, which is also remainiscent of results in
physics at the quantum level:
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fundamental measurement fourid in physics: (1)
the expression is multiplicative in terms of the
location of the entity and the size ofthe unit, (2) it
characterises concatenation, and (3) when ex-
pressed in a constant unit, the size of the unit and
the variance of measurements decreases propor-
tionately and tends to the normal distribution.
While the model specialises literally to fundamen-
tal measurement in the case of equal units, its
general form provides a generalised form of con-
catenation, termed simultaneous or additive con-
joint measurement[15,16].

5. Specifically Objective Comparisons

It is now possible to consider more closely the
kind ofinvariance and objectivity implied by Equa-

tion (1). To begin the appreciation, the special case

of Equation (4) when the units are equal is particu-
larly instructive. If two entities p and q are mea-
sured by the same instrument i, then according to
the expectation in Equation(5)

E[X =8,/ 0 B[ X5]=¢,/ o
from which the ratio

B[] B xg)= g, s 0) /(g1 @)= 6,7 4,
is independent of the instrument i. Thus the com-
parison of the locations of p and q is independent
of the instrument 1, and of the size of the unit of the

_instrument - thus p and q can be compared using
any instrument which belongs to the same class.
However, the precision of the comparisons will
depend on thesize ofthe units. Likewise, ifa single
entity p 1s measured by two instruments i and j,
then again according to the expectatlon in Equa-
tion (5),

E[X.pi]? p/ o

from which the ratio

E[ij]= &p/ ]

E[xy) B[ y)=(e, 0)/ (61 0)) =0,/ 0
1s independent of the locatlon of entity p. Thus the
umnits of the instruments can be compared indepen-
dently .of the locations of the entities, and so they

~can be compared usmg any entities that belong to

" the same class

JISSI ¢ 1(3- 4) September - December 1995

In the general form of Equation (1), the

-corresponding expressions are. a little more

complex. Consider the comparison of two
entities p and g¢: let the subspace-

S(xp,-,x ) ={(xp,-,xq,-),(xq,-,xp,-)} fo:r '

X, E X X e{O ,2,...m;} be a subspace

pi qi> pn
of all possible palrs of responses, then it can be

shown readily that

) 1 X

Pr{( X pis qi)l(xpiaxqi)} = _*5,'” ‘5;"!, 1n
where 7 ,.; = 5;’"' {;"f + E;"i ;”" , which is inde-
pendent of the instrument 1. Equation (11) can be
used to estimate the relative locations of entities,

though usually the locations of many entities are
estimated using the locations of the thresholds of
the instruments once these have been estima-
ted independently of the parameters of the
entities from the following equation. For entity p,

letr = Xpitx,, then
i P’ P
Pe{ (x5 Jrp | = _H H
i k=0 k=0
(12)
min(r,m;)  x, 1 ¥y o

2 2= T

where 7y =
max(Or—mj) k=0%ki k=0%k ’

is independent of the location of the entity, and can
beused as a basis for estimating thelocations of the
thresholds of the correspondig instruments, which
is equivalent to estimating the dlfferent partitions
of the continuum,

Now consider again the implication of the
invariance of the locations of entities with respect
to different units. Every: observa’uo_n Xp; can be
used to estimate &y itself being immediately an
estimate in the case of typical measurement with'
equal units. The above analysis implies that on the
average, the entity would be located at the same
point independently of'the size of the classes, and

.in the case of measurement, this estimate is liter-

ally the average of repeated measurements and is
independent of the unit of the instrument. The
stress on the invariance of Jocation is 1mportant
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because any particular observation x,; also indi-
cates the particular interval into which the entity is
classified, and it has been argued in the literature
that, rather than invariance of location, the
probabilties of the observations being in particu-
lar intervals should be invariant under different
partitions of the continuum. This proposition is
central to the case made by Jansen and Roskam,
who articulate the joining assumption as fol-

lows[11]:

The probability of subject's responding with

category j or category k is equal to the prob-

ability of respondig with categoryh if category

h replaces the categories j and k. (Jansen and
.Roskam, 1986,p. 73).

As already indicated, the Rasch model of
Equation (1) does not have this property, and
therefore neither does the special case of the Pois-
son distribution in Equation (4), which has been
identified here with physical measurement. This

“special case illustrates relatively readily why the
joining assumption cannot hold even in physical
measurement — when the continuum is partitioned
into smaller units, the variance of the observed
distribution changes — it becomes smaller, and so
the sum of the probabilities of outcomes in two
adjacent classes will not be the same as the prob-
ability of an outceme in the larger class composed
ofthetwo classes. Ifit did, no increase in precision
waould follow from a reduction in the sizes of the
units. Another manifestation of the difference be-
tween the invariance of locations of Equation (1)
and Jansen and Roskam's joining assumption un-
der different partitians of the continuum is that the
former implies that the entities can be concatenated
while the latter implies that it is the probabilities of

the observations that can be concentrated. These .

concatenations are incompatible.

6. An Example

Although a standard text baok perspective is
that measurement is an independent and objective
procedure from which theories are deduced,
Kuhn[12] points that

In text books, the numbers that result from
. ‘measurements usually appear as the arche~

types of the ‘irreducible and stubbom facts' to
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which thescientist must, by struggle, makehis
theories conform. By scientific practice, as
seen through the journal literature, the scien-
tist often seems rather to be struggling with the
facts, trying to force them to conformity with
a theory he does not doubt. Quantitative facts
cease to seem simply the 'given'. They must be
fought for and with, and in this fight the theory
with which they are to be compared proves the
most potent weapon Often scientists cannot
get numbers that compare well with theory
-until they know what numbers they should be
making nature yield (Kuhn, 1961, p. 193).

Further, he stresses that

The road from scientific law to scientific measure-
ment canrarely be traveled inthereverse direction
(Kuhn 1961,.p. 219 emphasis in orlgma])

This 1mp11es that the data collected are driven
by the theory, and not the other way round. Be-
cause the theoretical implications ofthis paper are.
unusual, it has proven difficult to find existing data
either in general or in the scientometric literature
which illustrate these implications. The data used
inthis paper, which concern the grading of essays,
were collected deliberately in order to put the

- theory to an empirical test, and therefore they are

presented illustratively. However, the implcations
for data collection in scientometrics is immediately
relevant. For example, in the rating of the prestige
of journals in some field, the implications are that
the probability of classification in any category
will depend not only on the operational definition
of that category, but also ont the definition and
number of all ofthe other categories. For example,
a system of rating for journals in some field may
involve the following four categeries: Category A
- defines the present state of the art; Category B
- has important influence; Category C- reports
relevant matters; Categary D- minor impor-
tance, or the following 5 categories in which the
first category is a new category and all ofthe other
categories areidentical: Category Al-creates new
directions; Category A2 - defines the present
state of the art; Category B -~ has importomt
influence,; Category C - reporis relevant matters;
Category D- is of minor importance. According to
predictions from both linguistic and measurement
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theory, the ‘probability that any journal will be
classified into any one of the common categories
will necessarily be different in the two systems.
Further, if data were collected on two different
occasions with different riumbers of categories,
pooling categories in orderto make comparisonsis
not justified.- On the surface, this' may appear
arbitrary — however, if the data conform to the
model of equation (1), then the estimates of the
relative locations of the joumal on a continitum of

prestige will be invariant under the two systems of

data collection, and so comparisons of relative loca-
tions on two different occasions would be meanigful
and independent of the classification systems. A more

obvious and immediate example concéms the process

of peer review of articles for journal publication.
These invariably require reviewers to allocate the
paper into oneofthree or four categories ranging from
a category such as publish as is to reject. The

implication of the argument in this paper is that ifan

extra category were added or elimingted from any

system, then evenifthe categories commontothetwo

systems were defined identically, the probability of a

-paper being classified in a category depends on the

definition and number of all categories. Theoretical

and empirical studies on these classification systems

may lead to a better understanding, and. operatlon, of
recommendations based on peer review.

The example is_providéd t__).y_Ha.m_s[17]; who-

had eight essays of narrative writing produced by

Year 7 and 8 students (ages approximately 11 and

12) in Western Australian schools graded accord-

ing to-the classes shown in Table 3. These essays
were produced as part of a larger project on

monitoring writing standards, and -were chosen
because they had been fourid relatively easy to
assess and because they covered a wide tange in
quality. As can be seen, the classes are defined
hierarchically with respect to-one feature of the
writing, the setting, and the class scored 3 was
explicitly defined to be a subset of class scored 2.
The graders were student$in a class in educational
measurement at Murdoch University in Westemn
Australia. The results presented are those from 28
graders who graded the same essays first using all
four classes, and then using -only the first three

‘ classes. In both sets of gradings, the first three
- classes were defined identically, as shown in Table
~ 3, and the graders had the definitions of the classes

in front of them when they graded the essays. The
order oftheessays was distributed randomly within
graders on each.occasion, so that different graders
read the essays in different order, and they read the -
essays in different order when judging them with
respect to the three classes and with respect to the
four classes. For the purpose of analysis according

to.the model of Equation (1), the 8 essays graded

by the 28 graders were treated as (28)(8) = 224
essay/grader contacts, and each contact was made
twice, once using the four classes and once using
the three classes. Thus the data were pairs of 224
classifications, each govemed by the same param-
eter &(ge) = £, where ‘(ge)’ refers to the combina-
tion of grader g and essay e. In estimating the
locations of the thresholds of the two sets of
classifications, these parameters were eliminated

- according to Equation (12).

3

Table 3 : Operational definitions of ordered classes. for judging essays.

0  Inadequate setting : Insuﬂicieﬁt or irr_elevant.inforh)aﬁoql giVeﬁ for the story. Or, sufficient elements
may be given, but they are simply listed from the task statement, and not linked or logically erganised.

1 Discrete setting : Discrete setting 'as-an:introdii_ctidn, with some details whlch alse show some linkage
and organisation. May hLave an additional element to those listed which is relevant:to the story.

2 Integrated setting : There is a setting which, rather than simply being at:the beginning, is mtrodueed

throughout the story.

- 3 Integrated and manipulated setting : 'In:addiﬁoﬁ-to the setting being introduced throughout:the story,
* pertinent information is woven or integtated so -that- this integration. contributes to the story.

\

Reprinted with permission from Harris, 1992, p. 49.
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To obtain an orientation to the data, Table 4
shows the overall distributions of the classifica-
tions. The proportion of responses in the first class
are similar, butit is evident that the addition of the
fourth class drew classifications away from both
the second and the third classes from the three-
class set. The sum of the proportions in the third
and fourth classes of the four-class set is .31, .10
greater than the proportion in class three of the

three-class set. This is statistically different - 7=
15.86, df= 2, p<<0.01. Table 5 shows the values
of the estimates of the threshold parameters in the

multiplicative metric. It is evident that while the
firstthreshold is located at approximately the same
distance from the origin, the second-threshold is
further fromthe origin in the three-class setthaninthe
four-class set, indicating that it spans a greater
proportion ofthe continuum in the former set, Figures
1 and 2 show the probabilities of the distributions in

" each of the classes for each of the sets as a function of

the location of the essay on the continuum. It is
perhaps of some interest that for the four-class set, the
distance between the first and second thresholds
(1.64)is quite close tothe distance between the second
and third thresholds (1.43).

Table 4 : Distribution of classifications

Classes ' 0 1 2 3
Four class set . .18 .51 24 .07
- .62 21

Three class set _ SRR WA

Table 5 : Locations of the thresholds

' Thresholds o 2 3
' Four class set : 31 1.95 3.38
Three class set . .26 239 :

Table 6 : Observed and expected frequencies given a total score across
_ the two sets of classifications

Total Score " Response Pairs {x'p,-,x.pj} Total Frequency
Given the Total Score .
' : o _ 66 (66) _ 66
1 ' {1, 0} {0, 1} .. )
17 (16.34) 19(19.66) | 36
: ‘ {2, 0} {1, 1} {0, 2}
2 - 2(6.04) 44(4532)  6(0.64) - 52
{3. 0} {2, 1} {1, 2}
3 4(1.91)  16(24.89)  9(2.20) 29
{3, 1} {1, 2}
4 5(16.45) 14(2.54) 19
: ‘ {0, 0}
3 ' 2222} 2

Expected frequencies are in parentheses
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0.0 0.5 1.0 1.5 2.0 2.5 3.0 . 3.5 4.0 4.5
. Essay location

Figure 1a: Probability of classification into one of three ordered classes as a function of essay

location expressed in the multlphcauve metric Pr{x,}= 7—5 / H | '
P

Pr{x}

0.0 = y T —r— T T T T T — 7 ™ v

’ L
-3.5 -2.5 -1.5 . -0.5° 0.5 1.5 25 35
- Essay location

Figure 1b: Probability of classxﬁcauon mto one of three ordered classes as a function of essay

1
location expressed in the additive metnc Pr{x,}= y—exp[x(ln &- Z Inw,]
P
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0.0 -0.5 1.0 - 1.5 2.0 2.5 3.0 3.5 4.0 45"
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Figure 2a: Probability of classification into one of four ordered classes as a-function of essay

location expressed in the multiplicative metric Pr{x,} = YL & / klflo @y
pi B

1.0-
084
0.6 -

Pr{x} {
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35 25 s .05 0.5 15, 2.5 3.5
Essay location

Figure 2b: Prdb_a'bility of classification into one of three ordered classes as a function of essay-
‘Tocation ;t'?;')"(_pi"csse'ﬂ in the additive 'méu'-ic Pr(x, )= yl explxtin &)~ sz:o Ino,]

p
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Even though the probabilities of being classi-
fied in a class, particularly in classes two and
three, is affected by the additon or exclusion of the

fourth class, to the degree that the data fit the

model, to that degreethe location of the essays on
the continuum will be invariant under the two sets
of classifications. To check on the degree to which
the data fit the model, Table 6 shows the observed
and expected values conditional on the total score
for each essay across the two classifications® .
Unfortunately, 4 of the 10 cells available for
comparison have expected values well less than 5,
-making a chi-square statistic meaningless. How-
ever, some descriptive comments may be made.
Taking the four-class set to be the first in each
ordered pair as in Table 6, for atotal score of 1, the
distribution across (1,0) and (0,1) is as expected.
Likewise for a scoreof 2, thenumber of (1,1) cases
is as expected, although the number of (0,2) cases
is greater than expected, and that of (2,0) is less
than expected. The data follow the model less
closely for a total score of 3, though the pattern is
in the expected direction, with the (2,1) the most
frequent observed and expected pair. The extreme
pairs (1,2) and (3,0) areboth greater than expected
acccording to the model. For the total score of 4,
thereis the greatest departure from the model - here
the pair (2,2) is much greater than expected, and

¢ From Equation (12), the distribution of classifications
given the total score is a function only of the parameters of
the classes, and independent of the parameters of the essays,
and the extreme total scores of 0 and 5 cannot be used in the
test of fit because there is only one way of obtaining the

the pair (3,1) much less than expected.

The data collection is of course opento empiri-
cal study. In this example the essays were graded
using the four-class set followed immediately by
the grading using the-three-class set and some

-interference is likely, and further, the graders were

not experienced or especially trained to grade such
essays. Accounting for such factors is relevant in
professional classification and in research studies.
For the reasons presented in this paper, namely that
the model provides a convergence of linguistics,
social measurement and physical measurement, it
is suggested that empirical studies relevant to
different situations can be directed to understand-
ing the conditions conducive to making classifica-
tions conform to the model of Equation (1). This
would not only provide the invaniance implied by
Equation (1) when the classifications do conform
to the model, something required in professional
classifications and in research, but in the process -
of achieving conformity to the.model, a greater
understanding of classificatton processes in these
situations would follow. Attaining measurements
in science s often as important in providing under-
standing of the relevaht processes as the uses
subsequently made of the measurements, and this
same feature can apply to the social sciences,
particularly in scientometrics, where the science
itself is studied scientifically.
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Regression Structure of a Book Circulation
Model Incorporating Loan Periods
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In a recent paper (Burrell & Fenton, 1994) the authors enhanced the well-known gamma-
Poisson model for library book circulations by incorporating an additional parameter to allow
for the loan period. In this report the investigation is extended to study the bivariate structure
of the model. In particular, the regression function is derived and is shown to have the
approximately linear form found in many empirical studies, dating at least as far back as

Morse (1968).
1. Introduction

Mathematical models to describe the circu-
lations (i.e. checked-out borrowings) of library
stock seek to emulate at least some of the gen-
eral features of frequency-of-circulation (FOC)
distributions which have been reported in many
empirical studies. As more of these features are
built into a model then, almost inevitably, the

more complex the model becomes so that each

improved approximation to reality is gained at a
(mathematical) price.

In the case of FOC distributions, an early
noted feature [see, e.g. Morse (1968), Mont-
gomery et al. (1976), Burrell (1980) and Burrell
and Cane (1982)] was that if such a distribution
for data collected over a relatively short period
of time (typically one academic year) is plotted
on a log-linear scale (i.e. the logarithm of the
number of items circulated against the number
of circulations) then the resulting graph is ap-
proximately linear. (Almost always, the point
for the number of items not circulated at all
constitutes a departure from this linearity. The
reasons for this, and arguments for ignoring the

zero category in FOC distributions, have been -

well rehearsed in the literature and so will not
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be entered into again here.) This empirical fact
suggests that the appropriate form for the FOC
distribution is geometric. _

However, for certain data sets, especially
those collected over more extended periods of
time, the log-lincar FOC plot exhibits a more
obviously curvilinear form which is much better
described by a negative binomial distribution
(NBD). [Ravichandra Rao (1980, 1982) com-
pared the relative merits of a wide range of stan-
dard discrete distributions and found that the
NBD had the best overall performance. More
recently suggested alternatives have been the beta-
binomial distribution (BBD), by Gelman  and
Sichel (1987), and the generalized NBD, by
Ajiferuke and Tague (1990).]

More importantly, if the FOC distribution of
a given collection is observed over an extending
period of time then the overall shape of the log-
linear plot changes in a systematic fashion. This
is clearly revealed by graphs such as those of
Bulick et al. (1976) and Kent et al. (1979; Fig.
9, p.41). [A similar phenomenon in cumulative
bibliographies has been noted by Burrell (1992)
and Olui¢-Vukovic (1992).] The inevitable im-
plication is that models for library circulations
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must be time-dependent, i.e. that one needs not
merely a probability distrit :ion to describe data
collected over a single time period but a stochas-
tic process to describe the (probabilistic) evolu-
tion of the system over time. [A non-technical
discussion and some simple illustrative theoreti-
cal models were given by Burrell (1980, 1982)].
For the BBD model 'time' is incorporated in a
sometwhat artificial manner, while there seems

to be no time-dependent form of the generalized

'NBD. The ordinary NBD, on the other hand,
arises quite naturally. as-the- single-period -form
of a stochastic process known as the gamma-
Poisson (GP) process (see Burrell and Cane,
1982). This process has achieved considerable
success in modelling library circulation on data,
as in Burrell (1980, 1985, 1990c) and Brownsey
and Burrell (1986).

One particularly striking feature of the GP
process is its linear regression property. In' the
library circulation context this can be described
as follows. Suppose that, for each ifem in the
collection, the numbers of circulations in each of
two consecutive time periods (typically two aca-
demic years) are noted, giving rise to a bivariate
FOC distribution. Then for each r = 0,12,...,
the mean number of circulations during the sec-
ond period of those items circulating r times

during the first is determined and plotted against

r. This graph, of the regression function of the
number of circulations during the second period
given thie number during the first, is linear for
the: GP process, see e.g. Burrell (1990b). That
the observed regression function is, at least ap-
proximately, linear has been reported by Morse
(1968), Chen (1976), Burrell and Cane (1982)
and Burrell (1990a). .

The linearity of regression was in fact used
as a built-in assumption in the first reasonably
successful model of library circulations origi-
nally proposed by Morse (1968). [For a discus-
sion of the relative merits of Morse's Markov
model and the GP model see Burrell (1986) and
Tague and Ajiferuke (1987).]

The final empirical feature to be mentioned

again relates to FOC distributions over a single

time period but now focusing on the upper tail
of the distribution. This concemns those items
with large numbers of circulations for which the
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log-linear plot shows a rapid tailing-off as can
be seen graphically in the University of Pitts-
burgh data of Kent et al. (1979; Fig. 9, p. 41)
and the University of Sussex data of Burrell
(1985; Fig. 2). Such tailing-off cannot be mod-
elled by the NBD which tends, therefore, to
overestimate the tail of FOC distributions. In-
deed, Gelman and Sichel ¢1987) were able to
use this tailing-off as an argument against a whole
class of processes, including the GP, while at
the same time promoting the case of the BBD.
The generalised NBD of Ajiferuke and Tague
(1990) has also been successfully employed m

‘modelling this aspect of library circulations.

In order to overcome this, the major defect
of the GP process, Burrell and Fenton (1994)
proposed a modification which results in e form
which outperforms the BBD and the generalized
NBD for single-period data sets. As it'is a sto-
chastic model, there remains a need to consider
its bivariate form and, in partlcular its regres-
sion structure. -

First, though, in the next section we give a
brief description of the model. :

2. The GPL Model

The important new element of the Burrell
and Fenton (1994) model is the incorporation of
the loan period into the standard GP model, thus
acknowledging the fact that there are times wheh
an item is off the shelf and hence not available
for loan. Thus, each time an item is borrowed,

‘this. rediices the remaining timg when it is avail-

able for loan in the period and the more often it
is loaned the greater is the reduction. The effect
of a loan period is therefore to.depress.the num-
ber of actual loans as compared to the number
of potential loans if the item were always im-

‘mediately available for loan.

In the gamma-Poisson with loans (GPL)
model it is assumed that requests-arrive for each
book according to some stochastic process; if
the item is available then it is loaned, while if it
is already out on loan then this request {(or po-
tential loan) is lost. The situation can be illus-
trated as in Figure 1 (taken from Burrell and
Fenton, 1994). More precisely, the GPL model
is based on the following :-
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Assumption 1. Requests for a particular book
arrive as a Poisson process.

Assumption. 2. The rate A of the request
process varies over the collection of books
according to a gamma .distribution with
probability density function

ﬁ—v
=21 450

F(v)

Assumption 3. The loan period is a con-
stant, 1.

To be specific, we shall suppose in what fol-
lows that the unit of time (= period of observa-
tion) is an academic year and write

X = npumber of loans (of a typical book)
during the period of observation.

[Implicitly, all books are available at the start
of the year and X gives the number of times a
book is taken out during the year rather than the
number of completed loans (= returns).] .

The basic result for this GPL model is the

following.
Theorem 1. (Burrell and Fenton, 1994).
P(X=0)=gq,
PX =r) =q—q.,, r=1, 2 .. R-1
A .
0
P(X =R)= if 77 is an integer ,
l-qr_) otherwise ,
where
Z’:(k+v—l) [,B(l—rr)]k
q4r = >
e G - [1+801-ro)]**
r=01,..,R-1

and R = [T— l] + | = maximum number of loans

possible during the year.

The success of this GPL model in fitting,
FOC distributions over a single time period 1s
amply illustrated in Burrell and Fenton (1994),
particularly its improvement over the GP model
in fitting the upper tail. Note that it is a three-
parameter model and hence in fitting to observed
data each of B, v and 7 are to be estimated.

3. The Bivariate FOC Dislt_ribution and
Regression Structure

Suppose now that loans are observed over
two successive time periods both, for specific-
ity, assumed to be academic years. (The case
where the time periods have different lengths
can be similarly handled, although notationally
more inconvenient. For the same reasons we
ignore the effects of ageing of library material,
see Burrell, 1986). In order to investigate the
bivariate structure, details of which may be found
in the Appendix, we make one further assump-
tion, as follows.
~ Assumption 4. There is an annual end-of-
year recall of all books currently on loan.

Although the major effect of this assump-
tion is to simplify much of the mathematics, it
is also ‘a true reflection of actual practice in
many libraries and hence not too restrictive. With
the help of Assumption 4 we can prove the
following. ~

Theorem 2. For the GPL model with As-
sumptions 1-4, if X/, X denote the number of
loans of a single book during the first and sec-
ond years respectively, then the bivariate distri-
bution of (X, X?) is given by

PXV =1, X® =)) = q(ij) -q(ij-1)-qi-1j) + q(i-1j-1)

Vi i Zl"(k+€+v)

(1-m r)k-(l —nr)e

forij=0,1, .., R, where

g(m,n) = F(V)k=0 oo . k!
0

Proof. For stochastic processes constructed via
mixtures of Poisson processes, distributional re-
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[2—(m+n)z'+,3—1

ey, M m>0, n>0

otherwise

sults are usually best derived by conditioning on
the mixing parameter, in this case the rate of the
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The request process

x = times at which.“requests” occur
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The loan process
x = limes when the book is taken out on loan
® = times when the book is returned
= periods when the book is unavailable for loan
Figure 1. The request and loan processes for a single book.
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Figure 2. The regression function for the GPL model with v = = 1
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request process. One can then make use of the
fact that the underlying process has stationary
and independent increments. The actual deriva-
tion of the atove is rather long and somewhat
technical and so is deferred to the Appendix.

For the regression structure we need the con-
ditional distribution of the number of loans dur-
ing the second year given the number during the
first. This is provided by the following.

Corollary. Under the conditions of Theorem 2,
Px®=jix"=i)=
9(i,j)-q(i,j-V-q(i-1j)+q(i-1j-1)

q; =gy
forij = 0,1, .., R,

. where g (m,n) is as in Theorem 2, g_is as
in Theorem 1 and g ,=0, g, = 1. [Note: If v is
an integer then the apppropriate range extends
only to R—- 1] :

Rather than the full bivariate and conditional
distributions, we are here concerned with the re-
gression function of X® on XV, i.e. the (condi-
tional) mean number of circulations during the
second year given the number during the first.
Writing G for the regression function, we there-
fore need '

G (i) = E[X‘”lx“) =i]

R
- ij(XO) = x® =)
j=0

fori =0,1,....R.

For purposes of computation it is more con-
venient to use the alternative representation,
whose derivation may be found in the Appen-
dix, given in the following Theorem.

Theorem 3. Under the conditions and nota-
tion of Theorem 2, the regression function of
X®@ on XM is given by

G()=(R+1)- L%
qi._qi—l

R
where 9 = Zq(i,j) fori=0,1,...,R

J=0
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The above neat, compact, formula for the
regression function is most useful for purposes
of compuiation, its application being straightfor-
ward, if somewhat tedious.

Example : v =1, =1

Choosing the gamma index to be v = 1 is
equivalent to assuming an exponential mixing dis-
tribution and to the frequency distribution of
requests (or the FOC distribution in the case
where the loan period is zero) being geometric.

Taking 8 =1 corresponds to a choice of time

scale which simplifies calculations. This example
was given for purposes of illustration by Burrell
and Fenton (1994) and revealed, as expected, a
FOC distribution tailing off in the higher fre-
quencies, with the effect being more marked the
longer the loan period.

For computation of the regression function,
note that in this case the relevant quantities to be
evaluated become

l—nr n+l
S el
2-nt

and

ko) (1—m2)*(1-n2)

k
m=0 k=0¢=0 K%' [3—(m+n)7] el

forn=01_.. R :

The graph of the resulting regression
function is given in Figure 2 for various values
of T. :
As was to be hoped, and expected, the plots
are almost exactly linear. Certainly, any depar-
tures from linearity are ones which it would be
difficult to detect in a practical context : for the
smaller frequencies the departures are exceed-
ingly small, for the larger ones the data would be
very sparse.

4, Concluding Remarlzs

To the extent that informetrics is concerned
with the mathematical modelling of library and
information systems, an important consideration
is that the models should as far as possible re-
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flect the known features of the system under in-
vestigation. The more closely we consider the
details of these features, almost inevitably the more
complex 1s the required model. Nowadays, with
the aid of computers, investigation of fairly com-
plicated systems can be relatively straightforward
even if the theoretical models are analytically
daunting. This is the case here.

For the practitioner, the important factors
are that the basic ideas behind the model can be
explained in non-technical terms and that the
model. “works”. Our preliminary findings sug-
gest that, in the present case, the latter require-
ment is satisfied; the reader must decide if the
former is also!

It is hoped that more detailed investigations
-- including the fitting of the bivariate model to
empirical data -- will be reported in due course.
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Appendix -

Much of the notation and certain of the re-
sults are adapted from Burrell and Fenton (1994),
referred to simply as B and F in the following.

Denote by X™”, X the number of loans of a
single book during thetfirst and second years re-
spectively. As always in the construction of pro-
cesses via mixtures, distributional results are most
easily derived by conditioning on the mixing pa-
rameter, in this -case the rate of the underlying
request process. Thus for the bivariate distribu-
tion of (X, X) we have first of all that, given
the request rate ~, the numbers of loans during
the two periods are determined by the Poisson
request process. The annual recall assumption to-
gether with the lack-of-memory and independence

of increments of a Poisson process then ensure

that X and X® are conditionally independent,
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given » . Hence

P(X(l) —i x® =J')

=E P(X(l) =i, x ) < jl/\)

- E P(xt = iI/\)P(X(z) = jIn)

Now stationarity of increments of the request pro-
cess, together with the annual recall assumption,
implies that X® and X both have the same con-
ditional distribution, given ~. Hence, writing

(AD)

{th;f 2 0} for a Poisson process of rate 3, from

the above remark and B and F (Lemma 3) we
have

q,(A)-g,_4(1) for r=0,1,...,R (A2)

I
-

where R denotes the maximum possible num- .
ber of loans in one year and we have written

g,(4)= -P(Wl]:rr S r)

r - 1%
=e—l(1-rr)kz.[%7_)l for r=12,..,R (A3)
=0 '

and g, (M) =0
Thus from (A1) we have
P(X“) =i,x = j)

= EA[(:(r) - gimi () (A) - 4,21 (2))] (AD
Upon expanding the RHS of (A4) we find

four terms Qf the form _EA[qm(/\)q”(/\)] and,

using (A3) - '
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k ¢
_ m (1) [A(l—mr)] (1) [A(l—nr)]
; ZZO:EA e P 7
w  n _ kfy ¢ ) : . ' _
:Z (1 l:"n-) (1 erln-) EA[e—'/\[z"'(”Hn)T] /\k”]_ | | S ‘.'(AS)_ |
k=0 ¢=0 : . .

Now ma:king use of Assumption 2 of the GPL model
B [e—A[z—(mm)r] Aku]

_ J(‘)"’e"l[z-"("”")r]l"“’f(l)dl

| =%J’:/1k”+v—l exp{—l[i—’(ﬁ-;-n)t-l-ﬂ_l]}d/i
Vi T(k+£4+v) |

l]k+£_+v

-=7 r(v) [2 —(m+n)t+f
so that (A5) becomes
E;[qm(/\)qn.(/\)]
k+€+v (1 mr) (l nr)

=5 zz k(v

k=0 £=0 [2——(m+n) ’r+ﬂ'1 ]Hew_ N
=q(m,n) say : . " (A6) -
Substituting back into (A4) gives the bivariate distribution as~ * - * L
P(-X(l) =.',X( ).=_J)'=q(1,1)—q(1,1—1)—'q(l—l,J)+__.q(1—_l,J—l)' - 47

Remark. Although the’ expressmn for q(m, n} glven in (A6) may book awkward its form be-
comes more transparent if we write . :

x.—l—m.f,y—l—n_f,z=ﬁ"‘l_

'smce then it becomes

A R k+1,’+v) Cxkyt R
g(m,n)= '
& R

so that the individual tenns are’ of a trmomlal form. For purposes of computation (A8) can be rearranged
to give. - ‘ .
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"(’"’*’)f[x+;+z)v_

Proof off Theorem 3.
"By definition"* *

So that, from Theoréms 1 and 2,

(6 -4r-)50)

-3 ZOJ[q iy 4(6 J—l) q( i-1, J‘)+q( ~lJ-l)]
J= . S .

. R, R R-1. |
= 3 jgli.g) - = (+10al,0)- X j '—11+zz+1 (1))
J-—Q_ f0 J= ,]=0 :

' _ "R-1
=;Rq\(i,__1,}’)—*;,2.q(i-,1) Rq( —l R)+ Sq{i-1,)
R J‘z()‘ o - K ) r N }1_0 Lo

:(:’{z__+‘1,)[g:(i',__1_g)'_q(i —lR)] ;;(:,gq(i,.l)~_%§g(i -1, J)} . (Ag_)_.

Now for any m nwe have
o \ 5’

P(‘ ()<m X( ) ) E P(A;( j<m X( )<nl/\)=EAP(X(I)SMI/\)P(XQ)SHIA)

_EAP(Wl—mr< m)P— — : e ()

Hence in partlcular
434 H R L

a1 2) (10 )
‘_Substltutmg mto (A9) and wrltmg ST T e iy

Qm Z\f oq(. )
( - 1)G.(.) (R+1)(q, —{E?;T;)_*S(Qi__gifl_) .

so that A

i3 :qi_q‘:—l

as required.

R S
N TR R
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Confidence Intervals and Sample Sizes for Multinomial Data

L. Egghe
LUC, Universitaire Campus, B-3590 Diepenbeck, Belgium'
UIA, Universiteitsplein 1, B-2610 Wilrijk, Belgium
N. Veraverbcice
LUC, Universitaire Campus, B-35%0 Diepenbeck, Belgium.

This puper surveys the existing liteysture on vrufidence inteivals for multinomial data.
kiultinomial situations (fractions) sre very common &s is illustrated in medicine and
information sciences. Only comservati+ve result: exist. We¢ make a comparison of several
results and select the best confidence intervals. We show that, in general, the simplest
niethods perform best (such as the methods derived from the central limit theorem and the
Bonferroni inequality). We alse show tiiat the methad of Fitzpatrick and Scott cannot be the
best for all fractions involved (at least if there are more than two classes). The sample sizes
are derived from the formulze of the confidence intervals. Fixed length intervals as well as
proportional lengths are considered. ¥ is found that for only estimating the highest propor-
tionis in an accurate way, the sample sizes are reasonable and well-applicable. The paper closes
with improved confidence intervals in ¢he case they are dependent on the proportions and with

some practical conclusions.

1. Introduction

It is remarkable how many statistical experi-
ments are of the following type : a sample of NV
individuals or objects is observed and each is
classified in one and only one of a finite number of
mutually exclusive classes (cells, categories), say

~ number of times that class C, occurs in the sample.
Note that n,+...4+n, = N
The statistical problem is to make inference on
the proportions (fractions™ p,,....., p, where
pi=1,...k) is the probabilit, of falling in class
C. | '
A constraint for these unknown parameters is
of course that p, +...+p, =1L
Examples are easy to find in exact, medical and
social sciences :
(1) What are the fractions of library visits
classified by sex and a number of age
intervals ?

(2) Whatare the fractions of books ina library

! Permanent Address
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with a certain number of authors (and
posssibly further divided according to age,
language, or the fact that they are in the
automated system or not )?

What are the fractions of people with a
certain blood type ?

{4y What are the numbers of patients with a
certain disease status ?

(5) “What are the proportions of men whose
occupation falls in a certain number of job
categories ?

(6) What are the proportions in the different
progeny types of a Mendel experiment
with plants ?

(7) What will be the scores of the different
political parties in the next elections ?

The numbers of classes (k) can be as smalll as
2 but can also be rather large. In example (1) we
have 20 classes if we select 10 age intervals. In
example (2), we could easily go above 100 classes.

The simplest case is that with two classes for
a so called dichotomous situation. The two classes
of the experiment are often arbitrarily denoted by

-~
W
ey
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success and failure (which stands for yes-no, boy-
girl, zero-one, etc ...). Denote by p the probability
of success. It is well known that in a sample of size
N, the probability of having say » times success
(and N - n times failure) is given by the binomial
probability

(N]p"(l—p)N'f' M

n

If in a sample of size &, the number of
observed successes equals », then the maximum
likelihood estimate for the unknown probability p
is the observed class frequency

p=— )

Generalization to k classes (k>3 is as fol-

lows. Ifp,,..., p, denote the probabilities of the &
classes, then the probability that in a sample of size
N, the Ist class occurs n, times, the 2nd occurs 7,
times, ..., the k~th occurs 7, times (n, +...+1, = N}
is given by the multinomial formula
N? nl nk
— P P 3
nl.n & ! /

Ifn,,.., n, are the observed number of times
that each of the £ classes occurs in a sample of size
N, then the maximum likelihood estimates for the
unknown class probabilities p, , ..., p, are the ob-
served class frequencies

7

N M
pr=—i=1,..k). @)
N

2. Simultaneous Confidence Intervals for Pro-
portions

First we recall the standard types of confidence
intervals of | single proportion p. Since the stan-

N I-
dard deviation of , equals 1, il p), the normal
N

approximation to the binomial distribution says
that, for N large,

184

pP—p
p1-p)
N :
is approximately standard normal %)

There are several ways to derive from this fact
approximate confidence intervals for p. .

The first is to use that (5) remains time if the
denominator is replaced by the estimator

_ This provides the approximate

100(1 - )% confidence interval for p of the form
e
)

N (6)

where z{a/ 2) satisfies P(Z > z(a/2)) = a/2
with Z the standard normal random variable.

A second way is a bit more sophisticated : from
(5) it follows that, for large N,

2

Pe Pl |\ a/2)|=l-a
p(1-p)
N

or equivalently, and writing z = z(a/ 2),

() <o 252

N

or
P((N+22)p2 —(2N;+22)p+Np2 50Jz1.—a

Thetwo roots of this quadratic are easily found
and this gives the approximate 100(1- @)% confi-
dence interval for p :

A [ A A
2P +2N p—&ztf + 4N p(l— p)]

2N+

>
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z +2N‘;+ \/22(22 +4N‘11\)(1—;)D

Av+) @)

Also note the well known fact that
z=z(a/2)=y'(a) where y2(a) satisfies
P(T > xl2 (a))=a with 7 a random variable

with a ,? (o )distribution.
A third very simple approximate confidence

interval for p is obtained by replacing P(l - P) in

(6) by its maximal value 1/4. This gives the follow-
" ing ‘conservative’ interval

[~ 1~ 1
~2(a/2)—=,p+z(a/2) —=

W i il ®
. When dealing with & proportions p,, ..., p, as

outlined above, one could apply one of the above
confidence intervals, for every 7, yielding for every

p;aninterval ], with the propertythat P(1,) ~ 1- a.

However, these k results do not combine to yield a
simultaneous result with confidence level

100(1— )% . Indeed, the occurence of 1, does not
imply the occurence of Z,, since both have probabil-
ity of 100(1 - @)%, and so on for the other I,. So, to
have the I(i=1, ..., k) jointly (i.e. k¥ simultaneous
confidence intervals), we must have information on

k
the probability that ﬂ Lwill occur. This is what is

i=
really needed since we wish to make joint state-
ments about the k proportions p,, ..., p, (ase. g. in
prediction tables on the occasion of elections,
where k political parties are involved).

A simple method for constructing simulta-
neous confidence intervals for p,, ..., p, istouse the
above confidence intervals for each of the pi and to
combine them in one statement. The Bonferroni
inequality then gives a lower bound for the prob-
ability of the joint statement in terms of the prob-
abilities of the individual statements. This elemen-
tary inequality says that for any events E , ..., E,:

JISS: € 1(3-4) September - December, 1995

P((’_‘lei)214§[l—P(Ei)] G

i=1

Applying this idea to the confidence intervals
of the form (6) gives a first type of simultaneous
confidence intervals:

The k events (i=1, ..., k)

< ‘;‘. +z{a/ 2k)

(10)
satisfy
k
lim P(ﬂ Ai)zl—a (11)
Now \i=l

Indeed, each of the A, constituies an
approximate 100(1 — a/k)% confidence interval,
so that for i=1, .., k

lim PlA)=1-—
Nlinco ( 1) k
and
k k g
lim PlN4;|21-T—=1-«a
N—>w \i=l i=1

See also Goodman (1965) [4].

In exactly the same way we obtain from the
intervals (7) and Bouferroni's inequality:

The &k events (=1, ..., k)
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¢

zz(a/2k)+2n,-—\/zz(a/2k)[ (a/21()+4n( :

)
;‘vl

L : RN \ 7, i
z2(a/2k)+ 2n, + 2% (a /2]()(22(5: / 2k} + 4;;,.L1 - NJJ

2N +2%(as2k)

<
2(N +2%(a s/ 2k))
satisfy: [ A 40 '
lim P(ﬂ B,.)z l-a (13) Now \i=l NJ .
Noa i=1 (17) :
for o =0.01

See Goodman (1965) [4] and Quesenberry and
Hurst (1964) [6].

A third type of simultaneous confidence inter-
vals is obtained by combining k intervals of the
form (8). Fitzpatrick and Scott (1987)[3] proved
the following:

The k events (=1, ..., k)

A 1 " 1
C =%{p—-zla/4 <p <p+zla/4)—
Ao en <hostern ]
(1%
satisfy
k
lim Pl NG |21-a, ife <0032
N—oow \i=l
or,
\
>60| (/%) 5 if0.032<ax
B
0.300  (15)

(here @ denotes the standard normal distribution

function).
This formula reduces to

liﬁlP(lﬁ.II;\—p|<l'l3 >0.95
Voo (=1 0 NS

(16)
for ¢ =0.05 and to

186

The confidence intervals 4,, B, and.C, above

are all based on the central limit resuli for the

together with Bonferroni's inequalify. Intervals of
a different type have been derived by Huschens
(1990) [5]. These are not asymptotic and rely on
well known finite sample inequalities for the prob-

-

abilities £ (I pi—pil> C_J, together with Bonferroni's
inequality. For instance, since the exact distribu-
tion of n = N?’.- is binomial with parameters N
and p,, we have by Markov's inequality
A A pl-p;)
P(p;— pil>c)=P(N p;— Np|>cN) S'Z—N'
c

Hence, by Bonferroni's inequality (9),

> p;(1=p;).

k [n 1
Pl NSp;—pilsci|21- 5
i=l ¢“N =)

Furthermore, using for instance that
3 p,(1-p)<i orthat 3 p,(1- p, )<k /4 gives,

respectively
kA 1
P ﬂ{lp,-—P,-ISC} z1- 2
i=1 Ne
(18)

or
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k[ A k
Pl Niipi-pilscp|21-—
i=1 4Nc

(19)

If, instead of the Markov inequality, we use an
exponential type inequality of Hoeffding (scee. g.,
Serfling (1980), p. 75 [7]),

N 2
' P(| pi— pil2 c)s e 2Ne

(20)
we obtain by Bonferroni's mequallty

2
P(.nl{lf’i -pils C}}Z 1-2ke 2N
i=
@21
The formulae (18) - (19) - (21) immediately
give the gollowing statements:

A A

. A A 1
For D; ={Pi——m$1’i <p;+

.k we haveP(ﬂD]>1—a. (22)

~ 11k ~  1ik
For £; = ,,._-J_ <pi<hy +—J— :
or =i {1 9 Na (] .1 2V Nex

i=1,....,k we have P[HEJ 1-a. (23)

.
7

=1,...,k we have -P(:ﬂ F}Jz'l—a A

i=]
Based on the above analysis, we have the following

confidence intervals to examineé : (I): formulae (10)- ~

(11), (T):formulae (12)13), (II):formulae(14)<(15)
 (r(16)(17), AV ab.c): formulae (22){23)424).

3. Examples (for o= 0.05) .
3.1. An Example with F our Classes, N=11 76
We reuse the example in F 1tzpatnck and Scott

(1987) but for o =0.05 which is more common

JISSI 4 1(3-4) September - Décember, 1995

[0.05,031], p,

confidence level than g =0. , as used in their
paper. The data are

i .np
1 458 039
2 412 035
3 212 0.18 -
4 94  0.08

In libraries these could be estimated fractions of
books in the library with 1, 2, 3, or more than 3
authors. .

According  to (I), we  find

P, €[0.354,0.426], p, €[0.315,0.385],
p, €[0.152,0.208), p, €[0.060,0.100] with prob-

ability at least 0.95. The absolute length (A1) resp.
the relative length (RL) of thesé intervals is

N
RL = AL Ip;| -

i 2. .3 4

AL 0.072 0.070 0.056 0.040
RL 0.185 0.200 0311 0.500
According  to D, we  find

p, €[0.354,0.426], p, €[0.316,0.386),

p; €[0.154,0.210], p, [0.062,0.102] with prob-
ability at least 0.95. Now
1 2 3 - 4
AL 0.072 0.070 0.056 0.040
RL 0.185 0.200 0.311 - 0.500
Accordmg to (II), we ﬁnd (use formula (16)):

h, €[0.357,0.423), p, €[0.317,0.383],

p, €[0:147,0.213], p, & [0 047,0.113], with prob-
ablllty at least 0.95. Now o
2. 3 4

AL 0066 0.066 0.066. 0.066
RL- 0169 0189 0367 0825

Finally, we examine the intervals in case(IV).
away
[0.26, 0.52],.p, [0.22, 0.48], p,
[0.00, 0.21] w1th probablhty at
least 0.95, and we have :

1 2 3 4
AL . -026..026 026 021
RL- . 0667 0.743 1444 2625

This happens to be also the case for (IVDb),
since k=4.
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. (Vo)

" p [0344, 0436), p, [0304, 0.396), p, ) 1 2 3 4

[0.134,0.226], p, [0.034, 0.126] with probabil- AL 0.140- 0.138 0.110 . 0.078
ity at least 0.95. We have RL 0359 0394 0611 0975

| 2 3 4 oo 12 3 4
AL - 0092 '0.092 0.092 . 0.092 AL . 0.142 0.138 0.112 0 081.
.RL 90236 0263 0511 115 " RL 0.364 0394 0.622. 1013 :
- 'The performance ofthe cases (I'Va, b) is very bad.
and it will become worse in the next examples (where- i 1 2 3 . 4
N 1s lower and £ is higher). We, therefore will not AL 0.130 0.130 0.130 -0.130
consider the cases (IVa, b) anymore. (IVc) is also RL 0333 0371 0.722 1‘6_25
very bad. The underlined scores are the best. . V. 1 2 . 3. 4
. o AL 0184 0.184 0.184 0.172
3.2. An Ea_csnzple Wlt:h Fou(j classes, N—300 ‘ RL© 0472 0526 1022 2.5
Interpreting the above data for N=300, we find ' :
(we only present the AL and RL results) : '

3.3. An Example with Sixteen Classes, N=324

Letus cons1der the -population of the visitors of a library, divided according to sex and age (8 categories
1 < 10 years, 2 11-20 years, 3:21-30-years, 4:31-40 years, 5: 41-50 years, 6: 51-60 years, 7: 61-70
years 8: >70 years old) The sampled data are:

12 3 4 5 6 1 8 o otals

M 1L 21, 39 35 22 2 10 10 168
F 100 19 35 40 24 15 7 6 15

totals 21 40 74 75 46 35 17 16°  324=N

' b2 30 4 5 6 7 3
‘M 0.034 0065 0120 0.108 .0.068 0061 0.031 .0.031
F o . .D031 0059 0.108 0.123 0074 0.046 0022 0.019

‘We have, for {I) R BT R _ :
AL . 12 3 4 5 6 7 8

" 0.060: 0.080. 0.106 .0.102 0882 0078 0.056 0.056
0056 0,078 0.102 01080686 0.068 0.046. 0,041

1299 1806 1806

1765 1231 0883 0944 1206 80 o
1478* 2,091 2158 B

0 LA806 13227°0944 0878 i,
chave EE T
12 3 4 5 6 T8
- 0.066° '0:086 -0.110 0.106 0.088 . 0,084 3%4_ ' 0064 '_
: =."6®64= 0,082 0.106 012 0.090 oms 0056 0052

1
w
Y
L
-
~
o0

For {II),
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47 A Drawback of the Fiizpatnck-Swtt Conﬁ-
dence Intervals: .. . SUE

we restrict eur attention to o =0.05. Inorder

for the confidence intervals in (16) to be smallest
forall p, (hence smaller than the intervals in (10)),
we have.the condition. (by (16) and (10):

Li3

: JISS%KO  1(3-4) September ~ December, 1995

RL 1 2 3 4 5 6 1 8

M 1941 1323 0917 0981 1394 1377 2.065 2.065

F 2065 1390 0981 0911 1216 1.652 2.545 2.737
For (III) we have S

AL 1 2 3 4 5 6 7 8

M 0.097 0.126 0.126 0.126 0.126 0.124 0.094 0.094

F -0.094 0.122 0.126 0.126 0.126 0.109 0.085 0.082

~RL . r 2 3 4 5 6 7 8

M 2.853 1938 1.050 1.167 "'1.853 2.033 3.032 3.032

F 3.032 2068 1.167 1024 1.703 2370 3.864 4316
Finally, for (IV) We:have S : .

AL 1 2 3 4 5 6 7 8

M 0.134 0.165 0.2 0.2 0.168 0.161 0.131 0.131

F 0.131 0.159 0.2 02 0.174 0.146 0.122 0.119

RL 1 2 3 4 5 6 1 8

M 3941 2538 1667 1852 2471 2639 4226 4226

' F '_ ' 4226 2695 1.852 ' 1.626 2.351 3.174 5.545 6.263 . - -
From these results it is clear that (IV) perfomls T
very badly and. hence will.not be used. further on.  for a_ll i=1, ... k. This yields the condition
(HI) on]yperforms best incase kis smallandforthe EEEEEEE I :
A A 7160 .
larger 2 ’S. Case (I) is bestmallﬂlcothercases So p2 >T(13207?6/%_) 25
we strongly adwse o use the mtervals (10) in o e T
almostall cases OnlytryalsomeFltzpatnck—Scott - S \
Now the equation

_mtcrvals whenk is: low and for. the larg@r p,’5- In R - )
these cases we will stiltbeinneed of ¢ 10)as thenext U L AN
result shows. S T ’(005/2k)"

‘hastwo real roots whﬁnz (0 05/2k)>5 1076. But
.7 <5.1076. innpties z<226 z(O 0119).

0.05
So z’(o 05/2k)<5.1076 only for —2—’;—> 0.0199,

. _wlnchmxphesk<2 1. Bince y > 3 wehencehave

two.real rocts. These are posmve

- 51676
{005/2k) >

189



EGGHE AND VERAVERBEKE

one above.0.5 and one below 0.5. Hence we have
* the condition

1 [ s1076 - ) -

210 | 4(0.05/2k) =P
A, [ 5107

T2 22(0.05/2k) | (26)

So ifthe left hand side of (26) is larger than 1/k then

the necessarily there exist i =1, ..., k for which ;,i

does not satisfy (26) and hence the intervals in (10)
are then smaller than the intervals in (16). We now
show that this is always the case, for any >3,
Indeed, the condition

1, 510% 1
2 - 2(0.05/2k) | k
is equivalent with
22(0.05/2k)<zi}07—i.
_(1__) @7)
kU k

This 1s true as the next table shows.

k LHS of 27)  RHS of (27)
3 5.736 5.746
4 6.250 6.810
5 . 6.631 7.981
6 6.954 9.194
7 7.290 10.428
8 7.508 11.675
9 7.673 12.929
10 7.896 14.188

An exact proof now follows using Feller ( 1968)
[2),p. 175, we note that

#(1- 0(x)) < 2 ’

—-x /2

_ 2z _
where @ denotes the cumulative standard normal
distribution.

(28)

Since z(a) = ®™(1- ) we have to show that

190

or equivalently :
_ 063845

#1-%) 0,070 TL (29)
-X

I
where * = P k =3,4... This can be seen to be

true using elementary calculus.

Hence, there are always intervals in (16) that
are larger than the intervals in (10). The same can
be proved for all ¢ <0.032 (based on (15)). Now
condition (29) becomes

C(a)

~x(i-x) < a"———x s
1-x

were C(a) is a positive function of «. This again,
can be seen using elementary calculus. Hence in all
these cases it is so that there are always intervals of
the Fitzpatrick-Scott type that are larger than the
ones in (10) '

Conclusion

Always use the intervals in (10) - (11). Also
check the intervals in (14) - (15) in the case of few
classes and then only for the larger p;'s.

5. Sample Sizes for Multinomial Proportions

From the above formulae for large sample
simultaneous.confidence intervals for multinomial
proportions, we want to determine the minimal
sample size N for which these £ mtervals have
specified lengths.

. Let L, be the length of an. interval around p.-

Then one can express that, either
L<p _ , : (30)
or .

L <pp, 6D
fora fixed B 10, [, forall i =1, ..., k.In the first
case one requires that all intervals are shorter than

a fixed absolute length. In the second case one
requires that all intervals are shorter than a fixed

JISSI ¢ 1(3-4) September - December, 1995
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proportion of their midpoints (see also the study of
Tortora (1978) {9)).

We will now deduce some minimal values of
the sample size N in order tohave (30) or (31) in the
cases {I), (I) and (IIT). As mentioned above, the
case (I) is the most important one. In this case one

obtains, for (30):
p‘i(l - ;)
2z(a/ 2k)\)——‘——
N

sp

or
4zz(a/2k)},.(1-})

s

Nz 32)

foralli=l1, .. k

Since
N N 1
J1- 5.1 < —
P ( Pi J < 2
forall ;, [0, 1] we can use the foilowing practical

(conservative) rule of thumb:

N (c;:zk) 3)

Other (more intricate) ‘“worst case’’.studies {also
related to determining the maximal o) can be found
in Thompson (1987)[8] and Angers (1989){1].The

latter paper discusses the two possible appioaches:

using , , hence involving a two-stage sampling

procedure or applying the *‘worst case’” approach.
In case (31) is required we find

Fay
4zz(a/2k)(1— p,-J
Fay

2
B b

N2

(34

forall /=1, ..., k

For case (1), the formulae become rather intricate.
For (30) one finds, in the worst case, the simple
formula

NP lal2k)
T 2

2 (a/2k). (35)

Note that this almost equals the value in (33). For
case (III), one has for (30)

JISSI ¢ 1(3-4) September - December, 1995

2
N> Z—(;‘T/ﬂ (36),
and for (31): ‘
2(al4

foralli=1, ..k

Examples

Let us investigate the formulae (33), (35) and
(36) which represent the sample sizes under condi-
tion (30), not involving the values , . We will use

the previous examples.
Example 1 : a=0.05, k =4, =0.04 (this repre-

sents a 10% value of the largest fraction ;’,- =0.39)

(33) becomes N >3899, (35) becomes N >3893
and (36) becomes N >3136.

Example 2 : a¢=0.05 k=4, $=0.008 (this repre-
sents a 10% value of the smallest fraction

;7,- =0.08). We have now respectively
N = 97469, N > 97463 and N = 78400

Example 3: a=0.05, k =16, #=0.0 . Wehavenow
respectively N >87025 N 287017, N 250176

As one can see, the values in the last two
examples are very high. The conclusion is that in
order to estimate the small porportions ratheraccu-
rately, one needs very high sample sizes. If one only
wants to estimate the largest proportions in an
accurate way, much smaller sample sizes suffice
(cf. example 1). :

Now let us compare formula (32) with th
““rule of thumb”” (33). To sec the reduction of N in
(32) one must calculate

FAY FA
max 4p;l-p; L

i=l,.,

Forthe three examples above thisis 0.9516,0.9516
and 0.4315 respectively. Conslusion: it pays off to

use (32) in case the largest ;’,- is still rather small
(here 0.123). This will often be the case when £ is
high. '
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6. An Improvement of ;, - Dependent Confi-

dence Intervals Based on Sample Size Re- -

sults

Formulae (32), (34) and the ones that can be
derived from the intricate formulae (12) and (13)
have to be based on two stage sampling. First take
an initial sample to estimate p s p, and then

determine the definite sample size by applying (e.
8.) (32) or (34). Let us fix the ideas on formula (34)
(but our argument works equally well for all other

formulae involving ;._ , =1, ..., k). One must take

422(a/2k)(1 -;,.}

N 2 max
2/\
ﬂpi

i=1,..k

(38)

in order to have the length o all confidence intervals
inferior to ﬁ;i (i =1,...,k) There s a certain ineffi-

ciency in this since for k¥ - 1 intervals, we are
probably over sampling. We sample in our “‘opti-
mal’’ way if the right hand side of (38) is indepen-
dent of i = 1, ..., k. This is not so, but can be
achieved when allowing for variable o, instead of

Ea;- The method is as follows: take

4z (.a/.2k)(l - 5,.)
N =max —
i=1,.k . ﬂz p

We then look for confidence intervals of the type

(39)

such that, foralli =1, ..., k

4z% (ai)(l - ;’\1)
Ne—"7"7F—= 41
Jij 2 P;
hence for these intervals we have

(42)
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for all i =1, ..., k, hence they are all of the form'
[pl_ﬁpi'pi"'ﬁpi:l' . (43)
Now (41) implies

ola;) = a7,

H

and, since wc choose N as in (39), we have now that

21
Qs Iy (and < for most i) so that

E . g
2u, <—
i=1 2
k

This yields100 { I- ZZ &; )% simultaneous confi-

! i=1
dence intervals better(and usually much better) than
100(1— &)%. Note that our intervals are now of the

form (43), hence have lengths proportional to ;i.
This approach is similar to the one in Thomp-

son (1987) {8]butina‘ ‘revgrse” way : there, also

(e,...,a4) is considered but, if for some N,

k
2. @, <@, the procedure is repeated with smaller N,

i=1

: ok
until the smallest Nis found for which X @i < @. In

i=1

“short, one keeps  and lowers N; here we keep N~

and lower «. _

Example : o = 0.05,4= 0.5 (which is very accu-
rate for these conservative intervals (see the previ-
ous section) and the example of the previous sec-
tion:

- A

4z*(al2k) 1~ p;
The maximum value of -
B 2Pi

s 1150.

Now require
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K A
422(“1‘ )[ I‘PiJ
L s
2 N
B p
for all i=1,2,3,4. This yields
2{a;)=6.779
z(a,) =6.221
2(a3)=3.972
z(a;)=2.500 (this had to be so!)
This yields e, and &, <<0.000005, a5 < 0.00005 ,
and a4 = 0.0062 . We have confidence intervals
A; =[0.2925,0.4875] for p,, A, =[0.2625,0.4375]
for p,, A3 =[0.135,0.225] for p, and 4, =[0.06,0.1]
for p,
These intervals satisfy, using (6) and (2)

4 4
P(ﬂ A,-)Zl—ZZai
=l

i=1
>1-0.0125 .

Hence the confidence is more than 100(1- a')%

with o' = 0.01252; we started from ¢ = 0.05 Sothis
is a substantial improvement, whilst we have not
changed the sample size N.

7 Practical Techniques - Summary

Estimating £ multiple fractions (as e.g. the several
examples in section 1) can be done by establishing
simultaneous confidence intervals. Supposea sample
of size N yields estimates for the & fractions as

N N

N
1 1
P1sP2res Py Thep the k intervals

are simultaneously valid for a confidence level of

at least 100(1 - @)% . These should be used in any

case. N should be increased if the obtained inter-

vals are found to be too large.

Incase some intervals remains unsatisfactory large,

one can try the following remedies:

1. In case there are only a few classes and for the
larger ;I_ ’s : try also the intervals (16) or
(17), which are sometimes smaller, for
some 1.

2. Leave small proportions ;i out of consider-

ation. They are, usually, not so important,
and leaving them out reduces 4 and hence
the size of all the other simultaneous
confidence intervals.
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Indian Abstracting and Indexing Services, in
Science and Technology: An Analysis

Debal C Kar and P Bhattacharya
Tata Energy Research Institute, 102 Jor Bagh,
New Dethi - 110003, India

The present study makes a census and critically analysis of the Abstracting and Indexing (A &
D) services in Science and Technology (S & T) published from India since 1943. The objective
of the study is to help knowing what services are existing in a particular discipline which may
serve as the basic source of information to facilitate research activities in S & T. This article
analyses these services in respect of periodicity, nature of publication, chronological develop-
ment, subject coverage, document type included for services, sponsorship, arrangement of
entries etc. A total of 187 services have been identified in S & T, out of which 106 are abstracting

and 81 are indexing services.

1. Introduction

Abstracting and indexing (A & I) services
are the most important secondary publications.
They not only keep users abreast of the current
progress in their subject field of specialization or
interest but also serve as record of research
output for posterity. Whereas both abstracting
services and indexing services serve as a tool to
identify, select and locate a document for use, the
abstracting services give much more information
to facilitate the selection process. The need for
such services are felt more in the field of Science
and Technology (S & T) and hence these occupy
an unique position in science communication
system so far as current awareness services and
retrospective search services for scientists and
technologists are concerned. Anattempt has been
made in this endeavourto study the A & I'services
from different point of view.

2. Objective

The objective of the present study is to make
acensus ofthe A & IservicesinS & T, published
from India, to help knowing what services are
existing in particular discipline which may serve
as the basic source of information to facilitate
research activities; to analyze these services in
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respect to periodicity, nature of publication, chrono-
logical development, subject coverage etc; to iden-
tify the weaker and stronger disciplines on the basis
of analysis, so suggestion for future programme can
be made.

3. General Review

Survey of the A & I services in India by the
Survey and Planning of Scientific Research Unit,
CSIR[3], recorded more than 60 A & I periodicals
issued by the special libraries and documentation
centres in India. The compilers attempted to make
the list exhaustive as far as possible. A large number
of these services were issued in mimeographed form
and they were generally known as local documenta-
tion list. It was unfortunate that though some of
those lists were valuable for their design and cover-
age, very little attention had been given to standard-
ization and bibliographical control for development
of coordinated services throughout India.

Mr R Pal [9] had also traced a total of 60 A &
I periodicals. However, his study was concentrated
on a particular periodical named Indian Science
Abstract. Ms S Relan [10] had established a total
number of 150 Indian' A & I services. But it took
account of current awareness list also. Chakravarty
[2] had also conducted a study of International A &
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Iservicesin S & T, but it did not cover Indian A&l
services. Earlier studies in this area were also con-
ducted by Bhattacharya [1],-Guha [4,5]; Kesharwani
[6], Kumar [7] and Neelameghan [8]. But their fields
were limited to particular S & T discipline, i.e,
Kesharwani covered only environmental science;
Neelameghan had emphasized on medical sciences.
The present study has covered whole gamut of A & I
services in S & T published from India.

4. Subj ect ‘Coverage -

A total of 187 number of services has- been -

identified, out of which 106 are abstracting ser-
vices and 81 are indexing services, but very few of
them can be considered as a national level services.
- The services taken together cover a wide spectrum
of subjects (Table 1). The stress is decidedly on

Engineering and Technology (E & F) topics which
betweenthem share asmany as 144 services (about
77%) out of the total services (187) which have -

been covered.

Table 1. Subject wise distribution of
R the services ‘covered -

5 Analysns

5.1 Type of Documents

It has been found that pritary periodicals has
been taken for inclusion in maximum number of
abstracting services (Table 2). About 50% of total
services are coveting periodical literature. The
other type of source documents are mostly pri-
mary and secondary services, followed by techni-

- cal reports, theses, patents, conference proceed-

ings, newspaper clippings and standaids.

Table 2. Services.according to type
of documents included

Sources included Number of services

Periodicals 0

1.

2. Other primary & -secondary source - 75
3. Indian primary & secondary sources 10 .
4. Scientific & technical reports 7
5. Theses ) S
6. Patents - " 4
7... Conference proceedings - 4
8. Newspaper. clippings -3
9. Standards & Specifications 2

5.2 Chronologzcal Analysts

~Subject covered No of 7 % of .

: Seivices semcl“f . It was revealed in the chronological analysis
Agncultural Scnenc_:e_ and . ... . . . . (Table3 andFig.l) of the services which started .
g"at"d d‘sc‘F;m; - 1.43, o 7‘71_-3‘. _ during the period from 1943 to 1990, the maxi-
Cngineering echnology ’ ’ .

Science & Techmology . . - 21 . 112 mum number of A & I services started durmg the
Biologieal Science. ... - .5 . . .27 period of 1971-75 (Total No.54). followed by
Medical Science & C . 1981-85 (Total No.37). Table 3 also ShOWS the
related d'SC'PImCS .8 a3 subject covered of the services started during the
Tetal T 187 - - 100.0- - particular period and: their trends..

. Table 3. Chronological analysis of the services and subjects covered

“Year of ‘Nooof % Y Subjects covered

starting - ‘services < - v Lo

1943-60 U9 102 "Agnculture Trrigation; ‘Medical® scnences Rallway & hlghway o

: I - 7 i -~ " engineefing; Textile industry. © - .-

1961-65 - 14 - - [ 75. ‘Building industry; Defence science;: Flshenes etc: ;

l__966_-70 .. .28 _15 0. . Communication; Instrumentation; Glass & Ceramic mdustnes

_ ) ) o Military & Naval engineering; Tcxtnlc mdustry etc. _

1971-80 54 289 Chemical Technology, Eleétronics; Industrial fmanagement; lnstru

‘mentation; Leather industry; Agriculture, Metallurgy, Mining &
mineral dressing; Public health éngineering;, Nucléar: technology’ et
1976-80 21 11.2 Chemical technology, Botany, Electrial engineering; Food sciences;
Metallurgy; Pharmaceuticals; Oceanography; Space flight engineering etc.
1981-85 o 37 19.8 Agriculture; Medical sciences; Non-conventional sources of energy;
: Petroleum technology; Rural development efc.
1986-90 14 7.5 . Medical sciences; Texicology; Metallurgy, Military science;
Environmental science; Agriculture etc.
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Fig.1 Chronological analysis: inﬂexing & abstracting services

A study was made to find out the su‘bje.c"t areas
of the services started during peak perlods 197 1-
75 and 1981-85 (Table'4):

Table 4: Subjecthse analyis of the services started
. bublishifiig durisig the'periods 1971-75 and 1981-85.

Total No. of Services
1971-75 5 If'98'1':-8'5‘

4 ..

Subject, discipline

Agricultural Sciences
Cement Industry
Computer Sciences
Electronics
Energy Sources
Engineering &- Technology
(General) : .

Environmental Sc1ences
Medical Sciencés IR
_Mllltary Sciences,
_Mlmng Engmeenng
‘Occupational Health -

" Petioleurn ‘Sciences - -'
Scierice & Technology (General) d1:
: Space Sciences . .. ... S8 -
Town Planning . --;:>_=.. S

-1
10,

I\j)‘u-:t\)‘_\) Ve
Y N RSN

Total - ) oo . 854 . 37

. An observation on Table 4 indicates interest-

illlg.'t'r._end' in the field of some specific disciplines..

During the years'1971-75 apart from.general S&T

the major number of services appeared in the field
of military science, space sciéncé; enginéering and

agriculture and a need was' felt for secondary
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(A&I) services in these areas. This was the period
when more emphasis were laid on defence activi-
ties after the Indo-Pak war.

Dunng the period 1981-85 the emphasis was
givenon various kinds of energy including alterna-
tive sources of energy, environmental sciences,
agricultural science, medical science and petro-
leum technology. These disciplines got a new
boost during this period due to worldwide change
in economic orders. International movement for
global environmental protection started during
this period. Analysis of the sponsoring agencies
shows that during 1971-75 period most of the
services were brought out by defence establish-
ment and R&D labs, Council ‘of Scientific and
Industrial Research Labs (CSIR), Indian Council
of Agricultural Research (ICAR). During 1981-
85 period, Oil & Natural Gas Commission
(ONGC), National Medical Library (NML). Tata
Energy Research Institute (TERT), Indian School -
of Mines, Indian Bureau of Miines, Electronics and
Radar Development establishment have- started
brmglng out the serv1ces

5.3 Sponsorsth

The serv1ces were analyzed accordmg to the

.sponsormg body It reveals that laboratones andﬁ"_

research institutionis undér the CSIR pubhshes maxi-
mum number of A&I sérvices. (Table 5 and Fig.2)
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Total services

Academic Inst 28

Other Res Councils 19

Nissat Centres 5

CSIR Labs 31

R & D ind in Pvt. Sec 9

187

Co-op Res Assn. 16

Prvt. Publisher 5

Other Govt. Labs 24

Minis & Govt. Dept 23

R & D Indin Pub Sec 27

Figure 2. Sponsoring agencies : distribution of services

Table 5. Spbnsoring agencies of the services

Table 6. Publication. periodicity of the A & I service

Agencies for publication Number of % of

' No. of Services
Periodicity

Services services Abstracting Indexing

Ministries & Govt. Dept. 23 123 Weekly Service | 2

R & D Industries in Public Fortnightly Service 4 4

Sector 27 14.4 Monthly Service 35 49

R & D Industries in Private Biomonthly Service 13 7

Sector 9 4.8 Quarterly Service 44 8

Laboratories & Research Half Yearly Service 4 1

Centres CSIR 31 16.6 Annual Service 2 3

Other Laboratories under Irregular Service 3 7

Government : 24 12.8

Private Publishers 5 2.7 106 81

Cooperative Research .

Association : 1% " s6 5.5 Arrangement of Entries

University & Academic The entries are arranged under broad subject

Institute 28 15.0 headings alphabetically in most cases (155 nos.).

Council of Research .. .

other than CSIR 19 102 Only one service s arranged by Zoological nomen-

NISSAT Sectoral Centres 5 2.7 clature (Bibliography of Indian Zoology). 25 Ser-

Thtal 187 100 vices are arranged by classified using Universal

. Decimal Classification (UDC) scheme and 5 ser-

5.4 Periodicity vices using Colon Classification (CC) scheme.

Table 6, Figure 3 and Figure 4 show the trend
of periodicity of the A&I services. Out of 106
abstracting services, 44 services are published
quarterly and 35 are monthly services whereas in
case of indexing services 49 services are published
monthly.

198

Arrangement of entries under broad subject by
majority of services indicated that these services
are designed more for a current awareness function
rather than specific search function.

5.6 Form of Publication :

Analysis of services shows that in case of
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Total number of abstracting service = 106

Half Yearly 3.8

Annual 1.9
lrregular 2.8

Monthly 34

Quarterly 40.8

Bimonthly 12.3

Weekly 1
Fortnightly 3.8

Figure 3. Periodicity of the abstracting services

abstracting services (106), the number of services
in printed form (55) and non printed form (51) are
almost same, whereas in case of indexing services
(81) most of them are in non printed form (67),
printed indexing services are only 14 numbers,
which shows that the indexing services are de-
signed mostly to perform a temporary function - a
feature of current awareness service.

5.7 Geographical Distribution

The Geographical wise distribution of the
services shows that Delhi city publishes the maxi-

mum number of services in S&T (Table 7 and
Fig.5). The services brought out by different organi-
zations in Delhi shows that 27 organizations are
responsible for bringing out 41 services. Some orga-
nizations (viz. NML, TERI etc.) bring out more than
one service. The concentration of services at Delhiis
due to the fact that Delhi being the national capital,
majority of national level research institutions, soci-
eties, government departments are located at Delli.
83 services (45 %) are located only at five major cities
e.g. Delhi, Bangalore, Bombay, Calcutta, Madras
and rest 104 (55%) are located at different part of the

country.

TotalNo. of Indexing Services = 81

Monthly 49

Bim onthly 7

>

Quarterly 8

Halff Ye.a tly 1

Annual 3

lrregular 7

Weekly 2

Fortnightly 4

Figure 4. Periodicity of indexing services

JISSI ¢ 1(3-4) September - December, 1995
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Table 7. Distribution of services among major cities

Delhi Bangalore Bombay Calcutta Madras Others Total

No. of services 41 16 12 6 104 C1s7

% of services 21.9 8.5 6.4 42 3.2 55.6 100
Madras 6

Delhi 41

Calcutta 8
Bangalore 16

Bombay 12 -

Others 104

Figure 5. Distribution of services

6 Observatlon

It has been found that in most cases subject
spemahsts are involved in the publication of abstract-
ing services whereas librarians and information spe-
cialists are involved in the publication of indexing

services. Less than 50% of the total services are
priced whereas the rest are available on exchange/

complementary/request basis to other institutions.

7. Study of Selected Indian A&I Services
The objective of this study is to find out the

lLe. whether these services cover all the 'literature

published in a particular periodical or - certain.
amount of selectiveness is there. Normally the
services which have more circulation may be con- -
sidered as useful to the users. The services which.
_have a circulation of a minimum of 200 have been - gineering and technology, mining and mineral
- dressing, pharmaceuticals, electronics, glass and
- ceramic industries, cement industries, chemical
- technology are quite rich in abstracting services,

considered for the purpose of this study.

A particular volume of each of the services. .
was selected for the study. The list of journals' .
covered by these services was checked and one

particular title was chosen by selecting a well

200

known primary journal to find outthe totalnumber
of articles published by them in a particular vol-
ume (Table 8). The contents of the particular

volume of the journal was neted from the contents

page. Eachtitlewas compared with the abstracting
services to assess‘its coverage. Table 8 shows the
selectivity coverage of the Indian A & I services.
All the services are selective, whereas Indian Geo-

.+ science Abstracts covers almost all articles in their
"~ gervices.

>

78 Conclusuon
coverage of the A&I services for their selectivity -

From the above analysis of the services, it is

,ev1dent that the stress is decidedly on engineering
- and technologlcal areas. The number of services is
- limited as far as pure science subjects are con-
'-"-_cemed In apphed sciences, like metallurgy, space

ﬂlght_._eng_meenng, textile industry, petroleum en-

but fields like physics, chemistry, zoology, envi-
ronmental seiences, oceanography, forestry, civil

JISSI & 1(3-4): September - December, 1995
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Table 8. Selectivity of the coverage of the Indian A & 1 sercivés

Total no. of articles

Abstract Vol.24,
1988-89 (Fort-

Society of India (Quarterly)
Vol. 31 & 32, 1988

nightly)

Service & Selected Journal for Total no. of articles % of coverage
> Vol no. comparing with 1 in the journal at 2 covered by the service at 1
1 2 3 4 5
1. Food Tech- Journal of Food 144 56 39
nology Abs- Science & Technology
tracts Vol. 22, Vol. 24, 1987
1987-Vol. 23, -Vol. 25, 1988
1988 (Monthly)
2. Indian Energy Indian Forester 180 26 14.4
‘ Abstracts_ Vol.7 Vol.114, 1988-89
1988 & Vol.§(1) (Monthly)
1989 (Quarterly)
3. Indian Geo- . Journal of Geologi- 44 41 93.18
Science Abstracts cal Society of India
1975 (Annual) Vol. 16, 1975 (Quarterly)
4. Medicinal and Indian Drugs Vol. 24, 1987- 140 42 30
Aromatic Plants- Vol. 25,1988 (Monthly)
Abstracts Vol 10,
1988(Biomonthly)
5. Paryavaran Indian Journal of Environ- 60 36 60
AbstractsVol. 5, mental Protection Vol. 7,
1988-89 (Quar- 1987-88(Monthly)
terly)
6. Indian Science Journal of Geological 150 100 66

engineering and railway engineering are lagging
behind as far as number of services are concerned.
Various services which are being published from
Central Leather Research Institute (CLRI), De-
fence Research Development Organization
(DRDO) labs, Central Food Technological Re-
search Institute (CFTRI), Ahmedabad Textile
Industry’s Research Association (ATIRA), Publi-
cation and Information Directorate (PID), CSIR,
Ministry of Environment, Forest and Wild Life
and laboratories and establishments under Space
Commission occupy a unique position in their
subject coverage. '

Inthe case of national level services it has been
found that in most cases coverage of primary

"SI ¢ 1(3-4) September - December, 1995

periodicals in the secondary services is selective.
On an average 40-50% of the primary journal
articles are covered in the secondary abstracting
service. It has been found that during 1971-75 the
maximum number of A&I services had started
publishing. Computerization of A&I services has
started getting momentum from 1980’s.

The study shows that most of the services,
even at national level, are selective. As such there
is not a single mechanism for the total biblio-
graphical control of S&T literature in general and
specific subject literature in particular. If these
services have to meet the objective of archival
function, it is necessary that the coverage of these
services should be broad based.
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Constructing Linear Measures from Counts of
Qualitative Observations

_ John Michael Linacre
MESA Psychometric Laboratory, University of Chicago,
5835 S. Kimbark Avenue, Chicago IL 60637, USA

Both disorder and linearity are essential to science. Empirically developed laws demonstrate
that less than ideal counts can reflect ideal underlying structures. From the premise that the
most understandable ideal structure is linear, Rasch deduced that tlie mechanism that
constructs linear measures from ordeéred qualitative observations, such as counts, is the logistic
ogive. Rasch models are available for dichotoimies, Poisson counts and rating scales. These
models transform counts into linear measures.. The degree to which any particular data
cooperate in constructing measures is gauged by quality-control-fit statistics. The method is
demonstrated with a set of scientometric indicators.

~ 1. Replication and Disorder

Science depends on replication. It was not
when Roentgen[11] madethe accidental discovery
of a "peculiar black line" that science advanced,
for "many such researchers had found their photo-

graphic plates in the lab unaccountably spoiled:‘.'-“'-"

It was only after Roentgen "put the new effect
through its paces" and took the time to "check the
facts," that X-rays became a scientific advance.

Roentgen replicated the original phenomenon.
Replication combines duplication with alteration.
Certain conditions are maintatned. Certain condi-
tions are different. The identical conditions main-
tain order. The changed conditions introduce dis-
order. The more that the essential nature of the
original phenomenon, its “information", continues
in the face of increasing disorder, the more robust
1s that information. "On the side of pure specula-
tive theory | suggest that information is measured
... by the order it produces out of disorder. But
order of what ? The answer seems to be that each
piece of information has value insofar as it relates
to the order of other information, and that what we
seein mapping [scientific papers onto a knowledge
plane] 1s this basic order."[13]

Thus disorder is necessary to identify and

quantify useful information, and useful informa-

_ tion pernits the establishiment of meaningful loca- -
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tions, i.e., useful measurement. Though location
on a plane in two-dimensions can be more instruc-
tive than location on a line in a single dimension,
the common requirement for utility is equal-inter-
val, linear measurement.

2. Linearity and Measurement

The struggle to wrest useful order from the
hodgepodge of data that inundates the scientist
devolves ultimately into a quest for linear mea-
surement. If we cannot measure a phenomenon in
equal-interval units, there is grave doubt that we
understand it in any scientific sense. "Length" and
"Love" arecases in point. "Indeed. it is a character -
of all the higher laws of Nature to assume the form
of precise quantitative statement."[9]

Linearity requires that measures be obtained
along a line 1n the same sense that measures of

length are coniceptualized to occur along one line.

Further, the measures must be reportable n units,
e.g., meters, such that one more unit (meter) im-
plies the same increment wherever along the line
the unit is observed. Such measures then have the
properties expected of numbers for which the
usual rules of arithmetic and statistical analysis
are meaningful. The average of a set of numbers
can always be obtained. even when the numbers
are merely assigned arbitranly for identification.
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For any average to have a well-defined meaning,
however, it must be located in the middle of both
the numbers and their implied meanings. This
requires that the units above the average must be

“oth numerically and substantively equal insizeto

ihe units below the average, i.e., thenumbers must
b linear measures.

‘Linearity, not mere numerosity, is what nearly
all widely used statistical procedures assume of
their data. The computation of meaningful means,

standard deviations, and least-squares estimates

requires linearity in the underlying data. Once
linear measures have been constructed, regression
analysis, ANOVA -and even simple plots have a
foundation. Without linear data, it is not known
whether the regression coefficients are explaining
the. underlying phenomenon or merely the non-
linearity of the counts. Without linearity, it cannot
be determined whether "ceiling" and "floor" effects
are substantive findings or merely artifacts of the
way the counts were made. .

The empirical approach is to collect whatever
thereis in the way of data and then to hunt for some
description that summarizes those data in a simple
form. Bradford's Law of Seattering demonstrates

_equal-interval measurement, linearity, over the
central part of its range. Bradford obtained this
linearity by arbitrary manipulation of the data.
Garfield observes that "Bradford's, Zipf's, Lotka's
and Pareto's laws were independently formulated

~ to explain disparate phenomena. It seems more
than coincidence that they should closely resemble
each other. One wonders if they are not all gov-
emed by a single underlying principle."[6] As
Bookstein[1] contends, theexistence of Bradford's
law proves that a more general form of regularity
must be present n the data, of which Bradford's
law 1s a special case, or else Bradford could not
have discovered his law.

The theory-based approach is to develop the
criteria that must be satisfied in order for linear
measures to be constructed, and then to leam how

-to assemble data that satisfy those criteria. The
theory-based approach speeds the scientific pro-
cess because 1t leads to the elimination of superfi-
cially attractive, but fundamentally unproductive,
statistical manipulations. Italso permits investiga-
tors to locate coherent subsets of data within
otherwise incoherent sets.

204

3. Counting : A Qualitative Decision

Linear measurement begins with counting.
Linear measures, €.g., grams, are ideals only im-
perfectly realized in practice. Counts are-empirical
absolutes. The observer can count ten apples on a
tree, or ten papers by an author. Clearly, not all
apples are equally large and crisp, nor all papers
ars of equal value(p. 40).[12] The first aspect of

-counting to be investigated is thus qualitative. Are

the objects counted sufficiently alike to be consid-
ered interchangeable in the counting process?
Stricter rules lead to more discriminating counting
processes. Is a rotten apple counted as an apple? Is
‘a corrected version of an earlier paper counted as
another paper?

Air lines have discovered that there is a conve-
nient, approximate, but useful and accurate enough
conversion from passenger count to passenger
weight. Passenger count is-an ordinal, discrete
integer summarizing passengers with a wide range
of characteristics. Passenger weight 1s an interval-
scale amount that idealizes one aspect of the
passengers. Once the qualitative decision has been
made as to who to include in the count, the particu-
lar details of each passenger become irrelevant.

The essential element in making scientific
inferences from counts is that the same mechanism
converts counts to linear measures regardless of
the couting rule employed. Thus counts of green
apples, red apples, big apples or nipe apples are all
converted to linear weights by the same math—
ematical process. Onlythe conversion factors differ.

4. Linear Measurement : An Idealization

A single dichotomous observation of a vari-
able, such asthe presence or absence of a particu-
lar author amongthe list of names heading a paper.
is not a linear measure of the proclivity to author-
ship of that author. Yet an accumulation of such
dichotomous observations into a count summa-
rizes all the information that exists about that
author's proclivity. A count is often treated as. or
assumed to be, a linear measure. But the mere fact:
that counts exhibit numerosity and can be written
as linear numbers does not give them linear prop-
erties. Table | contrasts the properties encoun-
tered in counts with those required of linear mea-
sures. Counts often approximate linearnty over a
central range closely enough for researchers to
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Table 1. Counts contrasted withlinear measures

Characteristic Counts are: Linear measures are:
Meaning : ordinal ranks on hoped - for variables linear positions on explicitly
defined variables
Continuity : discrete integers with gaps between num- continuous, with all values defined
' bers undefined
Additivity m numerical form, but with not-linear numerical and equal-interval in
meaning, so unsuited to satistics like means, both formn and meaning, and so
Imear regression, plots ' support the usual arithmetical
and statistical operations
Precision : unknown or Uli-defined in precision, known to be estimates of unattain-
but often mistaken for exact “truth” able ideal measures, modelled to
have well-defined standard errors
Conceptualization : concrete descriptions of eveuts in a abstract, general idealizations
limited historical context for inference in all similar contexts
Occurrence : accidental, irreproducible results of a deliberately constructed, via a
historical process. chosen for pragmatic reproducible measurement
reasons ' . process, to have ideal properties
Quality control : all equal in status as historical truths evaluated as to the degree to which
each observation supports measure-
ment construction and inference

ignore their deficiencies. Nevertheless this lack of
lineanty has usually proved fatal to meaningful
theory development.

Consider journal articles rated on a number of
criterta by two experts. One expert applies the
criteria leniently and loosely, the other severely
and strictly. The ratings for each artic e are re-
corded as counted levels up a rating sc.ale. Thenon-
linearity of these counts is shiown in the Lorenz-
like curve in Figure 1A where the equivalent
numerical category counts awarded by the lenient
and severe raters are plotted. These counts may
approximate linearity over their central ranges,
but provide only weak support for inference from
the counts of the lenient rater to those of the severe
rater. Counts by both raters must be linearized into
measures and then equated, as shown in Figure 1B,
before inferences based onthelenient rater's counts
can be applied with confidence to the severe rater's
counts.

Figure 1C depicts the general ogival relation-
ship between measures and counts. The step from
counts to linear measures is -one that empiricists
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find by accident. The logistic ogive or "autocata-
Iytic curve" is widely used to describe physical
processes. “We are led to suggest a second basic
law of the analysis of science : all the apparently
exponential laws of growth must ultimately be
logistic." (p. 30)[12] Itis not some physical mecha-
nism that connects the counts with the measures,
however. It is a mathematical property that only
the logistic transformation possesses.

5. Rasch Measurement Models

Rasch[14] constructed a measurement theory
that contains the necessary and sufficient critena
for the conversion of counts of qualitatively sim-
lar objects into quantitatively linear measures.
This theory capitalizes on the disorder present in
observations due to the stochastic element that
exists in all empirical counting operations. Rasch
started with the premise that the linear measure of
an object, e.g., an author's proclivity to publish in’
a special field, must be independent of the mea-
surement agent, e.g., any particular journal, and
vice-versa. Each object has a single linear mea-
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sure. Each agent has a single linear measure, its
calibration, in the same frame of reference. When
measures and calibrations are hypothesized to
interact to produce stochastic, qualitatively or-
dered data, a necessary and sufficient measure-
ment model can be derived for any type of count.

The essential transformation is always the
logistic, log-odds transformation.[17] The basic
model for dichotomous, true/false, present/absent,
1/0 observations 1s '

l_Pm'

Object # is parameterized to have linear mea-
sure B . Agent i is parametrized to have linear
calibration D.. These interact stochastically to
produce a datum with probability P of beng
observed to be 1.

© When the data are Poisson counts of indepen-
dent events, the comparison of interest for the
interaction between object » and agent 7 is the
probability of observing a count of j, P ... against
the probability of observing count of j - /, P

1"

log [——I-"LJ=BH~D,- ()

1 og P” ij

= B,~D; -~ Flog (j) (2
nif—1

F. is the conversion factor from the logarithm
of the count to the general linear scale for the
particular agent of investigation, i . This formula-
tion supports most empirical laws based on loga-
rithms of counts.

Likert ratings are observations on a rating
scale or some other quahitatively ordered series of
categories. Even though given numerical lables,
the observations are ordinal. Each higher rating
denotes qualitatively more of what is being ob-
served. A measurement model is required to dis-
cover how much more, quantitatively, is implied
by each qualitatively higher rating. This measure-
ment model is '

P ' _
log | —2—|=B,~D; - Fj (3)
Pn[/'—l

The inevitably uneven spacing of the rating
categories is parameterized by F, the extra
“difficulty" overcome in order to be observed in
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Table 2. Annual average of publication counts by field (from Braun et al.[2]) with ordinal ratings.

The most unexpected ratings are marked by «*’.
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category j, relative to category j-1. The count-to-
measure transformation has the appearance of a
logistic ogive, but its precise mathematical form
depends on the behavior of the rating scale catego-
nies. This model underlies Figure 1

6. Measurement and Quality Control

A major difference between research in the
social sciences and that in other sciences is quality
control. Most social scientists attempt toincludein
their analysis every observed datum. They per-
form global fit tests in which the data is treated as
sacrosanct so that it is the hypothesizedtheoretical
model that 1s accepted or rejected in toto. Physi-
cists, on the other hand, take many observations,
rejecting those that seem dubious, and keeping
only those of satisfactory quality.[3] In
bibliometrics, the need to venify the quality of data
is well established : ““As we have repeatedly done
inthepast, maywe respectfully caution against the
~ sertous implication ... that quantitative data [i e,
counts] can be used without considered (not rote)
qualitative judgments.’’[4] '

Since the Rasch model embodies the require-
ment for linear measurement, rejection of the model

implies abandonment of the attempt to construct

linear measures. Accordingly, Rasch measure-
ment rejects the "global fit" approach to model
validation in favor of data validation through
quality control. Indeed, detailed examination of
thefit of the data tothe measurement model is vital.
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Here it is essential to apply Maier's tongue-in-
cheek law : "If facts do not conform to theory, they
must be disposed of .“[5] For linear measures to be

. obtained, the counts must fit a Rasch model. For

each analysis, the decisive question is not "Does
the theoretical model fit the'empirical data?", but
"Does a relevant subset of the data fit the model
usefully enough to support linear measurement?"

Equality of unit size in measurement is a
theoretical ideal. This ideal is never realized in
practice in any part of science, though it is closely
approximated in many empirical measuring, in-
struments by means of careful construction. The
quality of a measuring instrument is often deter-
mined by how closely it can be made to approach
the theoretical ideal of measurement.

Rasch models provide quality-control fit sta-
tistics at all levels of analysis. Individual data
points can be assessed for their likelihood. Objects
and agents, e.g., authors and journals, can be
scrutinized for their adherence to the general be-
hawvior of objects and agents. Groups of objects and
agents can be investigated for distinguishing char-
actenistics.

The nature of the particular lack of fit moti-
vates the remedial action. ldiosyncratic, non-co-
operative data are isolated for diagnostic investi-
gation. Are they data entry errors’ Are they un-
usual circumstances? Data-to-model nusfit prompts
deeper questions : do the data manifest quantities
of one predonunant underlying varibale, or are
they a heterogeneous -collection of observations?
Can homogeneous subsets be identified and mea-
sures for these constructed? Irremedial lack of fit
signifies that those counts must be rejected as not
useful for linear measurement.

7. A Methodological Example

An indication of the scientific production of
different countries is thenumber of scientific publica-
tions each produces. The annual average publication
counts by scientific field for 31 countries from 1976
to 1980 is reported by Braun et al [2] This is shown
in Table 2. From these data, it is desired to construct
a linear measurement system on which to locate the
publication activity of each country.

The average publication rate may be a Pois-
son-distributed quantity, but it is not clear with
what level of precision each reported number has
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been obtained. Nor is it knownin what way economic
or other factors are perturbing the publication rate.
Accordingly, though the reported averages might
seem to provide the basis for_the measurement
process, their precise numerical values may be mis-
leading,

From the measurement perspective, the "averages”
mught better be taken as qualitative, rather than quan-
titative. For instance, though the average number of
clinical medicine publications for Belgium, at 716, 1s
higher than that for Austria, 704, this small relative
difference can hardly be taken to indicate a higher level
of activity in Belgium than Austria. In any particular
year, Austria may well publish more than Belgium.
Australia, however, at 2,195, is clearly publishing at a
higher level. In order to construct measures, the identi-
fication of qualitatively different publication levels is
more important than the precise volume of publication
within those levels. A first step, therefore, is to identify
qualitatively higher levels of activity and to label them
ordinally in ascending sequence for each of the fields.

Initial qualitative, ordinal ratings are assigned
by inspection of the distribution of counts. Figure 2
shows the categorization for physics averages. Each
apparently qualitative higher level of publication
activity is labelled with a higher ordinal category
number. Table 2 also shows the categones assigned
within each field. -

~ These category definitions can be further refined
as analysis proceeds, in order to obtain rating levels
within each field that are more coherent with the
hypothesis that each field is an independent indicator
of one overall scientific publication activity measure
for each country. For instance, after inspection of
Figure 2, it could be argued that category 4 is a
composite of two categories, a high one and a low
one. On the other hand, it could be argued that
categories 5 and 6 do not represent qualitatively
different performance levels. These alternative cat-
egorizations can be analyzed with a view-to discov-
ering which categonzation best supports measure-
ment construction. Since the goal is to characterize
each, country with a measure of publication activity
that is robust against the stochastic aspects of data,
the measures should also be robust against minor
recategorizations of those data. Consequently, if
different, but reasonable categonizations lead to very
different measures, then the robustness of the mea-
surement system is suspect, and its value as a basis
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for inference 1s doubtful.
The Rasch measurement model specified for
these ordinally-advancing qualitative categories is:

: ~ P 1 ~
log | —4—|=B, - Dy (4)
nij —1

where

P _ is the probability of observing category j
nij ik X

when country  is rated on field 7.

P, 1s the probability of observing category j-
when country # is rated on field i.

B_is a measure of the overall scientific publica-
tion activity in country .

D, is the additional difficulty of publishing at a
level of category j in field 7 relative to
category j-1.

Application of this model to the data in
Table 2, by means of the BIGSTEPS[16] pro-
gram, permits the construction of the linear
measurement system shown in Figure 3. Each
country has been located on a line according to
its overall publication activity measure. The unit
of measurement’ is the /ogit (log-odds unit).

6 + (HIGH ACTIVITY)
5 T IND
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4 +
ITA NLD
3 2
ISR SWE SWI
2 4 POL
BEL CZE GDR
1 + DEN
AUT HUN NOR
0 4 FIN NZL SAF
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-1 ! YUG
W ARG EGY GRE ROM
-2 4 BUL IRE NIG
MEX
_3 -+
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_4 -
-5 4
PRC _
-6 + (LOW ACTIVITY)

Figure 3. Overall publication activity of countries
sumimarized as linear measures. The metric is
“In logits, such that a one unit difference has

the same meaning everywhere.
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These measur’es" are ideal for further analysis ma-
nipulation. They have the equal-interval proper-
ties expected of numbers used in the usual statisti-
cal procedures : means, linear regression:

Within this frame of reference, instances of
unexpectedly high ; low publication activity can
be identified for further diagnosis and analysis.
The most unexpectedly high activity for any coun-
try within ai field, based on its overall activity
measure, is Chile's in Earth Science. Chile has an
average of 34, rated 4. Chile's expected level is a
rating of 2, ¢érresponding toa publication average
of about 12. The most unexpectedly low activity is
for Indig of Clinical Medicine. It has an average of
825, rated 5. A fating of 7, with an average of about
2,20015 expected. Through these anomalous ratings,
special features of countrigs and fields can be inves-
tigated, and those areas in which the measures are
useful as a basis for inference delimited.

8. Conclusion

Rasch(14] 'iieveloped and expanded his mea-

ﬁ@la&ugq

surement methodology between 1951 and 1959,
Early work included linear measurement of oral
misreadings, readings speed and math ability. This
lead to many applications of Rasch measurement
in educational and psychological testing. Though
initially applied to dichotomous multiple-choice
tests, the model is now employed, inits rating scale
form, for all types of counted data. A feature that
has increased its utility is the robustness of the
model against missing data. _

The ready availability of software, eg.,
BIGSTEPS[16]and Facets[10] , has promoted the
application of Rasch measurement to many fields
including quality of paint finishes [15], perfor-
mance of wine-tasters, measurement of evolttion-
ary development in fossils, and medical patient
evalution.[7,8 ] The facility with which Rasch
theory constructs linear measures from ordinal
counts indicates that Rasch methodology can be a
useful aid in the endeavor of building a firm and
level foundation from bibliometric counts which
are necessarily uncertain and uneven.
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Bibliographic Knowledge And Its Application in
Retrieval Processes

H. Peter Ohly

Informationszentrum: Sozsalwissenschaften. Lenndstr, 30, 1-33113 Bonn. Germany

N

Bibliographic databases are biased or moduled by scientific network patterns that are the

producing sources. Maodeling thix latent scientific communify should be possible by incorporating
its manifold ties in databases on scientific outcome. Thus, we not only have @ means of describing
this community. but also of improving the refrieval in these information banks. As it includes ideas

of social network analyvsis, we can speak of a "socially enriched' veerieval as an alternative or

additional means of statistical or linguistic analysis of hibliographic documents,

The Social Science Information Center in Bonn (I1Z) is developing the knowledge-based systein
AKCESS (Assistance by Knowledge-based Context Evaluation in Social Science Retrieval), which
reconstructs links between first hand information to related docaments. The total ageregation of

the information scattered over different documents allows a new judgement of the "relevant'

information and inclusion of otherwise lost informaticn. Sach a search is by definition not

restricted to documents, but relevant for all kinds of information imbedded in the data set (persons,

institutions, scientific communities, concepts, efc.).

1. Introduction : Retrieval in Bibliographic

Databases and its Problems

Information rctrieval svstems (IRS) were de-
veloped to store targe sets of data {rsp. documents)
and to make them re-available for different prob-
lems. It 1s of special importance to these systems
that the data contained in the documents reflect the
origmat documented material in the most complete
and authentic manner possible. Even a single
retricved document should be interpretable with
respect to potential intentions of the user. In order
to sclect adequate documents from the databasc for
‘2 wide range of queries as cfficiently as possible.
information retricval is supported as a rule by the
representation of substantial questions through
documentstrings such as kevword scarching. Bool-
can cxpressions. and distance operators. A good
retricval result expresses itself in the greatest
possiblc number of appropriate documents (sce
Ohlv 1991 16].

From the information sccker's point of view
this s not very satisfving. Rescarch ficid novices
will certainly be overloaded with veny specific or
peripheral articles. whercas domain experts arc
not withng to browse throngh a large number of
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retricval results containing onfy common knowi-
cdge. Redundancy by the same author or by @
conform scientific community is another issuc that
is not tolcrablc for an information sceker simply
looking for the best answer to a precise question.
On the other hand. valuce of individual works is
only found when diachronous or svnchronous com-
parison with other outcomes of the same rescarch
group is taken into consideration. Additionally.
intimate knowledge terminology of the subject and
its terminological control within the documenta-
tion proccss cannot be presupposed by the user (for
solutions sec: O'Neill and Morris 1988 | 17}: Croft
and Thompson 1987 {3]: Fox 1987 |51).
Databascs represent nothing more than a more
or {css arbitrary sclection of all possible publica-
tions. The result s an even more serious distortion
of the ideal answer. The definttion of the scope
might cxclude relevant publications of non-related

. publishing houscs. Often. only certain core jour-

nals arc included. Large specialized databascs are
oftcn only: a combination of smail document col-
lections of data nranufacturers of very restricted
interests implyving peaks and slopes for the
representativily of the subject ficld. Often publi-

211



OHLY

cations are only adequately documented regarding
quality and occurence after more than onc year.
Therefore, the more up-to-date the information is,
the more poorly it can be found by straight forward
access. This holds especially if the subject of
interest is not yet established within a certain field.

Respectively, the extent to which a database
favours certain subjects and disfavours others within
an information search must be considered. Further,
cvery available knowledge on the overall position
of the author as well as further background should
be raken into consideration together with the con-
tent information. Cross referénces to other authors
are as important as the development of an author in
the past in making inferences on the involvement of
this author in the actual discussion.

If such an additional knowledge is processed
togethcr with an information search, the output of
relevant ‘groups or schools of resecarch can be
retricved instead of the isolated works of indi-
vidual scientists. In addition, false interpretation,

¢.g..bvhomosemi, should beavoidable. Thus, each

retricval proccss ideally requires a specific
bibliometric analysis that revises the retrieval strat-
egy and leads in particular to a re-evaluation of the
results (Herfurth and Ohly 1989)[9]. The follow-
ing outlines an approach which analyzes network
information on persons concerned with research
activities (e.g. publications) and which is partially
incorporated into an analysis system for retrieval
results. '

2. Multiple Networks of Scientific Communi-
ties in Bibliographic Databases

According to-professional standards, we find
the following information that are needed to iden-
tify the object of reference in bibliographic.data
banks :

author.s
title - subltitle
higher bibliographic unit
(journal, compilation)
publication place
publishing house
publication year
pages
We often find additional descriptive categories
in the field of documentation :
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address /7 affiliation
thematic kevwords (e.g. from the fitle)
conceptual descriplors
(according to a thesauris)
short content abstract. etc.

These descriptive fields can be cxpanded 1f
non-literary document types such as projects.
maps. patents, and so on. are stored. Here it is
important that these ficlds contain enough indica-
tions of mutuality among documents under formal
but also substantial considcration. These must be
suitable for the reconstruction of real or cognitive
patterns of similarity.

The persons mentioned in the documents (au-
thors, editors. head. staff) enable an interlink
among all those projects in which they partici-
pated (sec Fig. 1). Undirccted. and thercfore cquiva-
lent for both participants, are links concerning co-
authors. co-cditors. etc., indicating a functional
and personal rclationship. This implics that these
persons know cach other and are concerned with
the same objcct. causing mental proximity or
completion.

Links over diverse levels (author-editor. staff-
head. cte.) are valued differently and have to be
given a direction. This kind of relationship also
expresses organizational and personal proximity.
but has to be valued more ambiguously with
respect to the conceptual dimension. Only the
detailed examination of the actual content profile
allows the assumption of confornmity and transfer
ft does express social distance in the sense that the
supervising person obviously plays a more
administrtive, general role. It is also advisable to
examine the relations according to differnt crite-
ria, such as stabilization through further relation-
ships. absolute positional indicators (academic
degree). or involvement in many projects or di-
verse subjects. ‘

In addition to the personal characteristics
mentioned above which only describe functional
equivalent positions in the scientific community
("ishead", “iseditor"). thereare also vague person
links. They describe a certain social distance
together with the indication of a personal proxim-
ity. but they cannot be seen as an equivalent to a
concept transfer. examples bemg links berween
compilers of collective editions and authors. mtro-
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Figure 1. Multiple network patterns in bibliographic
: databases
“ductionauthors and other cbntributors, institution
heads and staff. sponsors and customers, etc.
Often the connection may be established only via
other persans. the editor or the head of the (same)
project.

- In contrast to personal relations, the institu- .

tional affiliations are not so much a situaton of
face-as-face contact as a kind of action frame for
the persons concerned. At least for research de-
scriptions. but also often for literature informa-

tion. institutions can be determined which super- -

vise the cited work. Thus, a network is constituted

to all other persons that belong. to that institution -

and to the projects performed by these persons.
Strictly speaking, this means that all projects arc

directed under the supervision of this institutiof. -

but in a broader scnse, all research projects carried
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out by these persons have to be included as a Kind
of personal resource context, mediated by this
nstitution.

Since institutions for their part arc agam affili-
ated with other institutions (co-institutions). higher
level networks are formed. whereas multipic affili-
ations of one person can generatc nctworks indi-
cating a kind of "brain drain", But explicit binds
are given by projects that are performed by differ-
ent institutions in cooperation. Unsymmetrical re-
lations can be demonstrated concerming the role of
institutions (¢.g. customer-compiler) if such infor-
mation is embedded in the descriptions of the
documents.

[n the same sense that commissioncr and spon-
sor express more about general resources than of
concept proximity, publishing houses and jous nals
are a non-binding infrastructural. but specialized
frame that should be taken into consideration for
ex-ante hypothesis or ex-post confirmation. Who
publishes under a certain publishing housc or ina
special journal having a distinct profile. not only
renders a corresponding cvaluation, but also pro-
vides for an appropriate distribution in the profes-
sional world.

Besides personal relations, ideal relationships
(mental climate) are important for the-location of
themes and persons. If the same concept is used in
the same semantic. geographic and time space.
looking for additional ties is of particular value
(cf. deHaan 1993)[7]. Specificterms are of impor-
tance in creating a common idea. as homonymous.
out-of-field usage is - no longer possible. The
methodological and .theorctical scientific back-
ground of one particular work or scientist 1s of the
same importance as a contentual and conceptual
relationship: Similarly, scientific. background.
methodological paradigms and research design are
an indicator of a certain school tradition, showing
an equal knowledge standard implying communi-
cation and transfer or even personal acquaintance.
Regional and historic proximity are not sufficient
for the examination of diffusion processes. A
common origin as well as divergent processes can
be revealed by backward or forward chains over
time and space. This. however, does not exclude
the possibility of an eventual convergence.
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3. - The Modeling of Scientific Networks in an
Expert System

The distinguishing characteristic of "expert"
systems lies in storing knowledge for the solving of
a certain kind of task and in taking data of the
problem field into account during the electronic
data processing, corresponding to the more gen-
cral term "knowledge-based" systems (e.g.
Wachsmuth/Mevyer-Fujara 1991) amd [26]. Along
with the general inferential solving strategy, the

processing of the data then depends on the quality

and usefulness of the stored knowledge (cp.
Gebhardt 1985). Since the working procedure or
the application field of such systems are not me-
chanically fixed. feedback with sufficiently good
specialists must be included in their usage. As a
result they arc often designated as "assistant”
systems

Standard models in knowledge processing are
representations as (production) rules or as frames
(see Puppe 1990). In the casc of rules. the implicit
conclusions can be derived by given assumptions
(forward chaining). or the necessary causes of the
desired aims can be proved (backward chaining).
In particular. virtual intermediate goals can be
created which an be summed up to an abstract,
qualitative statement. The second kind of model-
ing, frame representation, assumes more static and
~ coherent classification problems. Nevertheless,
rules and frames are mutually transferable. This
representation gains its potential by the fact that
cach problem part can point to other objects,
making the construction of new objects originating
out of concrete data (instances) possible. Highly
cconomic. but also relatively inflexible. is the
option to inherit characteristics (is-a relation), by
which the denomination of the most general case is
also valid for more specific generic subclasses.
Other possibilities of modeling are semantic net-
works. which represent knowledge according to its
multiple relations (see Reimer 1991)[19]. The
propagation of these networks on the shortest path
then given the most efficient link between the given
information that is to be connected. This and
similar techniques such as the constraint approach
(the search problem is reduced to the only possible
solutions by its restricting parameters). case-based
reasoning (assigning new cases to known proto-
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types), or neural nets (diagnosed input and n-
tended output are traced back to one another by
optimal calculations) will not be discussed here in
further detail.

Modeling is relatively independent (in con- °
trast to the application of so-called expert system
shells) if one uses a declarative program language
such as LISP or PROLOG. The latter is based on
first order predicate logic. When it is coded in so-
called clauses (laws or acts), knowledge can be
sufficiently analyzed to its implicit conclusions by
logic simplification, which judges "not existent" as
"not true" in the database (closed world assump-

~ tion). and which accepts only unequivocal sen-

tences. This proof propagation (unification) is part
of the PROLOG software. Here, the order of
processing is of special importance, since the first
completely proved solution is no longer scruti-
nized. PROLOG offers very many different possi-
bilities of changing the proof process. The proof
chain (trace) is also protocoled in a manner that
allows the result to be analyzed with regard to the
solving path (explanation). Although this lan-
guage is very similar to the production rule'model,
frame-like (or more generally object-oriented) struc-
tures or semantic nets, etc., can also be modeled
(see Sterling and Shapiro 1986)[235].

The so-called knowledge base. which is used
to direct the fact base, contains generally true rules
and generally true facts. If subject knowledge
which is extracted from literature or empirical
analyscs is incorporated, statements on the aggre-
gation, propagation and evaluation of networks
will be part of the rule base: Facts, such as the
value of journals, informatior on the real conjunc-
tions between institutions, etc., are a permanent
resistant part of the knowledge base and can be
provided for before processing or be computed by
analyzing the processed data. In the same way.
rules can be inducted by empirical correlations
during the processing.

Knowledge on networks can be implemented
in the following sequential steps :

Generating absolute and relational variables suit-
able to characterizing an object (e.g. person) in its
social relations,

Constructing the ties between these objects by
different networks up to the desired depth, e.g. by
information on the nodes and links passed,
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Processing the connections found with respect to
the specific quervy.

Repeated iterative generation of relational charac-
teristics of the nth degree. depending on the desired
reflexivity.

Since logical inference also allows for recur-
ston. it 1s not difficult to accept all degrees of
relations. such as master / pupil or head / staff
relations. that reproduce themselves. If not only a
mere segmentation into separated groups out of the
set of objects s of interest. the recursion on egali-
tarian and transfer-specific relations should be
confined. or the additional distances by the inclu-
sion of periferal nodes should be computed by a
non-linear algorithm. Possibly a confinement to
triplets (triad census) should be considered (cp.
Hummel and Sodeur 1991) [11].

Whercas it can be relatively casy to determine
the final points of networks (objects with only one
relation or with relations in onlv one direction) by
logical analysis, the denomination of centroids and
similar cluster-analytical centres (cf. Scott 1991)
{23} 1s more adequate for statistical processing
systems or else it requires more complicated pro-
gramming, e.g. with secondary files.

4. Retrieval Improvement by the AKCESS
System

The AKCESS system, developed at the
Informationszentrum Sozialwissenschaften Bonn
(IZ).aims at the retrieval of dominant persons with
respect to given topics. FORIS (social science
research projects). SOLIS (social science litera-
ture). LEHRE (sociological university lessons)
arc used as databases. The system prototype is
programmed in PROLOG and therefore contains
the necessary knowledge for processing in a logi-
cal clause manner (Herfurth, Mutschke and Ohly
1992) |9]. '

The "relevant” persons are found after differ-
ent steps. In a first approach. all documents with
some concept relation to the query are retrieved by
a rough selection. All important information of
these documents is stored in PROLOG as facts
and then is logically analyzed (provisionally) in
offline modc. The user specifics his query by
determinating and weighting the requested combi-
nation of concepts and selecting the aippropriate
terms offered by the system to describe these
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concepts. On the basis of the quantity and com-
pleteness of the concepts per documents and per
person. a set of scientists is found which morc or
less corresponds to the query subject. Also the
subject can be refined by definitions of historic -
periods that are processed under consideration of
overlapping and included time intervals. In the
futurc. the scope and current importance of the
activities of the candidates will be also considered.
The most significant difference to a problem
solution by conventional boolecan retrieval is. that
not a set of documents (for totally open usage by

" the inquirer) 1s provided for. but that thc most

relevant persons ( in decreasing rank order) arc
listed. Interpretations. comparisons and combina-
tions of the original information are not only left to
the user, but are made available automatically by
the svstem or assisted as much as possible.

The task of network options in this system isto
identify wrong or unusual specified concepts in the
documents and to relocate them. Thus. a certain
person and a specific concept are well associated
if this personal concept system remains more or
less stable within different person and institution
contexts. and the concept under consideration docs
not change dramatically by its different term con-
texts. Personal and conceptual clusters can rein-
force each other if the co-persons represent the
same concepts and the co-concepts are significant
for the same persons (see Figure. 2). Instcad of
shrinking the research result. these clusters can
also be used to broaden the fund of information if
appropriate persons could not be found dircetly
(see Figure 3). On thesc grounds a vast publication

- of a group of authors that arc generally known for

a certain topic can be stated to be of the same
content. If and how profit from these context
clusters should be taken must be decided by the
user.

As a first approach. the social relations are
analvzed with respect to the bibliographic context
of the person under consideration. Thus. a publica-
tion in a compiled edition 1s amplified. if this
compilation itself is a corc representation of the
field. Furthermore. reinforcement is given if the
editor of this compilation is a relevant expert
regarding his personal profile. Then. if an author
is simultaneously an editor in his domain. he will
also be more important if he writes a book instcad
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Figure 2. Evaluation of concepts by person context

of an journal article. Whatever the default values
of the system will be for these cases can be changed
bv the user. '

A network module has been developed sepa-
rately as a prototype which identifies all non-
overlapping networks and determines the indi-
vidual position of one member in relation to all
other members (Mutschke 1994)[15]. At the mo-
ment, equivalent asymumetric network generators
are the editor function of a compilation and the
management function (head) of a research project,
each in relation to other involved staff. Further co-
functions are included as svmmetric cross rela-
tions (with respect to editors, authors, staff). An
appropriate combination of the different networks
still has to be found especially if contradictions
between the networks exist. Respectively, a simple
additive model will be offered as supplementation
to the user for individual weighting (e.g. co-rela-
tions are stronger than role-different relations;
head relations are stronger than editor relations).

In a first attempt, the global network comipo-
nent provides for those persons that are in the
highest or most central position in each network,
depending on information like "is a head", "is a
publisher". and "is a co-author"). In addition the
number of connected persons is computed. Thus,
this analysis is suitable for the determination of
segments of the tied persons within the set of
persons who are relevant to a certain subject (e.g.
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more egalitarian groups vs. more hierarchically
organized groups). Still unsolved are questions
concerning the depth of distance and internal con-
tradiction, the optimal determination of the "star”
position, and the combination of hierarchical posi-
tion with thematic competence.

The local network analysis computes the dis-
tanceand the qualified chain of nodes of all person-
pairs in the net of persons under consideration.
Here the manager function (head) and the editor
function are counted as one distance unit, whereas
co-functions are not seen as distance but asequiva-
lent branching. Thus, densities and structures
around one person can be analyzed as an alterna-
tive to or completion of the thematic retrieval
process (see as demonstration : Mutschke 1993).
How competing paths between two persons should
be treated dynamically, as well as the qualitative
value of distances and the kind of nodes in
combination with the thematic relevance of the
person nodes passed, are questions still to be
considered.

5. Possibilities for Theory Building

Whereas the simulation of dynamic
macroprocess or microprocess has found its place
in the social sciences for the generation of hvpoth-
esis and the verification of basic epistemologies
such as exchange-theoretical behaviour. the appli-
cation of knowledge-based approaches. except for
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Figure 3. Broader and narrower definitions of a concept-person-institution set.

planning dccisions. 1s very poorly devclbpcd (cf.
Schnell 1992)[21]. The induction of laws from
cmpirical findings is seriously in discussion in the
natural sciences (Slezak 1989: Branningan 1989).
It is cvident that this cannot be expected for the
social sciences. when even the rationalistic ap-
proach of the last century has not succeeded in
finding social laws independent of space and time.

It is a different situation if modeling. whether
with simulation or knowledge engincering. is con-
sidered a possibility of encoding theoretical. ver-
bal models forming a non-contradictory represen-
tauon and an intersubjective reconstruction {e.g.
Schrodt 1988[23}: sce : Manhart 1991]13]). If
there 1s corresponding acceptance. this results n
the side-cffect that these models with real or simu-
lated data can be analvzed for possible conse-
quences. and cventually even the integration of
different modcels should be possible (Klaver
1991)]12]. The advantage of knowledge engincer-
ing that applics declarative languages consists 1n
the possibility of 1solating the theorctical potential
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from the rest of the program and in the casy
processing of non-numeric valucs (Brent 1986|21:
Sallach 1989|20]; Haas 1990]8}). That non-nu-
meric values can be casily processed 1s an impor-
tant argument against those who prefer the subjec-
tive mterpretation of individual social scientists
rather than automated algorithms as an answer fo
social questions. even if computing rules for vaguc
formulations do not go far bevond heuristic ap-
proaches.

Just as a knowledge-based support 1 ex-ante
hyvpothesis formulation and ex-post integration of
empirical theory fragments can improve the strat-
cgv of a rescarcher (cf. Faulbaum 1986)]4|. the
inclusion of theorctical cognition into practical
operating decision systems should be a foundation
of and therefore produce an optimization of the
results. In the case of syvstems like AKCESS.
which processes assumptions on the importance of
scicntific communities, scientifically basced deci-
sion support is gained by adequate inclusion of
theorctical findings from bibliometric studics and
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science research studies. Here the used presump-
tions. lacking available studies or avoiding anal-

ogy problems, can by all means be extracted by

empirical analysis of the databases used for
AKCESS. This can be justified since AKCESS
uses only small thematic partitions and since the
database is continuously supplemented. Finally, it
appears rcasonable that only that information is
acquired that leads to an improvement of the
search answer (to be judged .by- an real expert),
particularly since the interplay of inferences from
knowledge bases (e.g. in product rule style) is not
predictable and also cannot be prognosed by mul-
tivariate analysis techniques (e.g. discriminant
analysis ). In i__ical analysis, every evidence
which the formerly vague decision constraints
counts- cumulatively; that is, it is usually not
statistically relativated. Ideally, a combination of
statistical and logical procedure will be preferred,

the one more for structural. relational effects. the
other more for individual. absolute characteristics.
Moreover, a theory of logical contradictions in
social relations and group structures has to be_
developed in the field of network analysis. In
contrast to statistical procedures. they should not
result in assimilation of position differences.

On the other hand, the conclusion can o¢

:d'r'awn._ that theoretical knowledge which contrib-
utes to an improved solution ina practical problem

has a’certain practical relevance and therefore
gains a kind of validation, regardless of the fact
that this knowledge must be integrated without
contradictions into the model. If it becomes evident
that relations in the field of scientific production
result in a concept consonance, that relevant per-
sons can be found more easily. then the related
consonance theories are validated without the ne-
cessity of specifying statistical causal relations.
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An Analysis of a Bivariate Distribution of Circulation Data
An Informetric Approach

L. K. Ravichandra Rao
Documentation R.search and Training Centre. Indian Statistical Institute. 8th Mile. Mysore Road
- Bangalore 560 059.-India

Circulation vecords are analyzed to study the distribution of transaction. It has been observed
that the negative binomial hardly fits the circulation data in a special library. Analysis of the
number of times a book was uscd and its idle time shows that no bivariate probability distribu-
tion can be used to explain the data. However, bivariate negative binomial can be used as an
approximate model to expluin the data. Distributions of X, the number of time the book is used,
given that the last date of circulation was Y years ago (i. e.. f(X[Y)) follows a negative binomial
distribution. The observed distribution the result obtained by this model (f(x|y) = a+b/x+c/x%).
The vesults obtained by this model are mueh better than the generalized bibliometric model

i. e, f(xly) = ax®.

|. tntdroduction

Trueswell in 1964 argued that “statistic of last
circulation date has potential in the preparation of
a decision rule for a quantitative method of thin-
aing the stacks" {9) Since then. many have worked
;n the arca of circulation data analysis. For instance
Morse 3] in 1968 has shown that the distribution
- of number of times a book is issued follows a Pois-
son Distribution. Ravichandra Rao [4. 5. 6] and
Burrell | 1] have shown for many sets of data that
the distribution of transactions follows a negative
binomial distribution. Sichel |7] suggested a Gen-
cralized-Inversc Gaussian-Poisson (GIGP) distribu-
tion to explain empirical distribution of transactions.
Recently. Leemans et al |2] based on data collected
from Flemish public libraries. showed how the nega-
tive binonual distribution can be used as a trend
distribution for library circulation data. Ravichandra
Rao 4. 5. 6] has also argued that the phenomenon
of transaction of documents is a manifestation of
the success-breeds-success phenomenon:

"It is only those documents which are cir -
culated that are likely to be circulated again
and again" . o (A)

Howcver. in practice. in addition, the following
is also equally important.. as observed by Trueswell
[9];
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"time gap between the datce of last circu-
lation and the current date".

In this paper.. this time gap is referred to as
the idle time of a book. Thus. the idle time of a
book refers to the "period" in which the book
was not issued out. Normally. for those books
which have fairly a good demand or which are
issued out frequently. it is expected that the idle
time of book is very low in addition to its fre-
quent usage. For example. let us consider two
different cases of book usage: a book might have
been used 20 times. 20 vears ago (the idlc time is
20 vyears). Another book mibht have been used
only once, a week ago (the 1dic time is only onc
week). It is quite likely that chances of the latter
book to be in circulation in the near future arc
much higher than the chances of the former. the
reason being that the last circulation was 20 vears
ago. In this context. the statement (A) mentioned
carlier can be rewritten as:

"It is only those documents which are cir-
culated recently that are likely to be
circulatd again and again" .....(B)

While the statement (A) can be cxplained by a
negative bimomial model. therce is no such math-
ematical model to explain the statement (B).

o
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2. Objectives For example, for the data g1 ™ in column (6) of

Although it has becn argued that the negative  Table 1, the negative biowi.  Lardly fits. In this
binomial distribution fits fairly well for many data  paper, it is observed that if **  Jata comc from a
sets of circulation data, there are several examples  population, where statemaue .3 more relevant (in
where the negative binomial hardly fits the observed ~ the context of 2 special libr=-  *han statement A.
circulation distribution. This may be partly due to  negative binomial hardly fits
the fact that the data come from a heterogeneous It is in this corext that an ‘tempt has been
population and from a population where the distri-  made to study the conditivis.. <ii»  ation of trans-
bution is highly positively skewed with a long tail.  actions, f(X= x[Y = y),wnere

Table 1. Distribution of transactions in specialist- library

Number of books in

No. of times Lib. Sc.& Math. Economics Other Entire
borrowed related topic Science & related topic subjects collection
(1) (2) 3) ) &) 6)
0 1373(1359) 1637(1732) 945(949) 1340(1337) 5295(5574)
| 272(291) 641(559) 202(194) 204(226) 1419(1181)
2 168(160) 332(306) 103(103) 125(96) 729(662)
3 97(105) 193(190) 60(66) 48(49) 2(3Y3)
4 86(73) 114(125) : 55(46) 19(27) 174(269)
5 56(57) 89(85) 35(33) 15(15) 195('92)
6 44(44) 63(59) 22(25) 5(9) 12 ..142)
7 32(34) 29(42) 12(19) 5(6) 787105)
8 2127 20030) 16(15) 5(3) 64(81)
9 24(22) 21220 8(11) 1(2) S54(65)
10 14(18) 16(15) 5(9) 2(1) 37(49;
11 12(15) o(11) 6(7) : 2(1) 29(38)
12 15(12) 6(8) 7(6) 21 30(30)
13 8(10) 4(6) 5(5) - 17(24)
14 9(9) 9(4) 4(4) - 22(19)
15 H1(7) 2(3) 3(3) - 16(15)
16 5(6) 4(2) 4(2) - 13(12)
17 25y - .. 12) 02) - 31
18 9(4) 01 3D - 12(8)
v 5(4) 2(1) 2(1) - 9(6)
20 43) 2(0) 2(1) - &(5)
21 1(3) - 2(1) - * RIGH]
22 - 3(2) - (N - 5(3)
23 32 - 1(0) - 4(3)
24 4(2) - - - 4(2)
25 1(1) - 1(0) - ' 2(2)
26 - 3 1)) - C42)
27 3D - - - 3(1)
28 ) - - - 2(hH
30 1(1) - - - (1)
51 1{0) - - - 1)
Total 2286 3197 1508 1873 8864
X 1.8320 1.40438 1.4171 0.54%4 1.3364
gy 3.9578 24648 3.1324 1.2455 2.9026

Note: The data, mentioned withing the parentheses in Col (2) to Col (6) refer to the estimated frequencies under the
assumption that data follow a negative binomial distribution. The parameters of the distribution are computed using the
moment's method. The maximum likelihood method didn't yield better result than the moment's method.
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ANALYSIS OF BIVARIATE DISTRIBUTION OF CIRCULATION DATA

.. X: the stochastic variable denoting the number ii) number of times a book was circulated.
of times a book is issued out. " The due date slips,.in each of the beoks ob-. -
Y: the stochastic variable denoting the difference served, show: only the due dates, The procedure to
" ‘between the date of last circulation and the compute the idle time (m years) is that :
current date (in years); this difference will - a) the difference between the current date and due
‘be referred to-as the idle time. of the book date is computed let it be d days '
- In other words, the main objective of the study b) -30 days are subtracted from d, since in the li-
is to re-examine the distributions of transactions, brary where this study was conducted, the
in particular, takmg idle time into conmderatlon books are issued out for a maximum period of
R : 30 days. The différence between d and 30 gives
3. Data Collection. ~ theidle time (m days) of the book: i e., the dif-
- The following data for each of the books were ference between the last date of transactlon and
collected from a. speclal library: - .. o _ current date.
“1) - due date for the last circulation (d, ) , To compute the idle time, in.terras of months :

Table 2. A l')i'var-i‘a't:e distribution of circulation data
(x: No. of times a book was issued; y: Idle fime of the book)

y 1 .2 3 4. 5 6 7 8 9 1w o1 12
- 17 20 Total

L]

F g B

241 194 207 138 78 52 116 93 67 99 -89

0L A W —

3 1 1 - 1419

218 131 95 52 39 28 33 37 34 29 30 3. - - . 729

149 78 62 33 19 12 14 9 8 7 3 4 - - . 398

13 58 24 14 14 14 10 13 - 4 5. -2 3 - - 274

9% 39 18 7 4 4 8 6 6 4 3 - - - 195

74 24 10 6 4 5 1 5 2 1 1 1 - - 134

48 13 5 6 2: 21 1 - - - - - - 78

35 9 -7 6 1 1 1 2 1 . - 1 - - 64

31 17 3. 1 - 1 - 1 54

10 30- 31 - 1 - 1. - 36

11 2 3 1 1 -2 - . 29

12 16 9 2 2 - 1 - - 30

13 9 3 3 1. - - 1 17

14 17 5 - - - - 22

15 12 2 - - 1 1 16

16 10 1 1 - I : 13

17 3. - s 3

18 7 3 1. 1. - 12

19 7 1 - owl - -9

20 4 - - 4 - 8

21 1 - I l- 3

22 4 1 - 5
23 3 - 1 4

24 4 - 4

25 1 - 1

26 3 1 4

.27 3 3

28 2 2

4 30 1 1

1 1

51

[S]
W
~J
=

Total 1165 595 442 273 165 123 185 169 12‘2. 146 122" 55 11

(98}
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it is divided by 30 and further to calculate in terms
. of years. it is divided by 12. Hence, idle time (y in
years of the book is calculated as
y= ((( current date - d,) - 30 days)/30)/12.
y is rounded off to the nearest year. Summary
of the data is given in Table 1 and Table 2.
4. Data Analysis
The data have been analyzed in relation to the
number of times a book was issued. Table 1 gives
the distributions of transactions in a special library
for library science and related topics. mathemati-
cal sciences, economics and related topics and
"other subjects". The Table 1°also gives the data
- for the entire collection, for all the subjects together
(in column (6)). N
Attempts were made to fit several probability
. distributions to identify a suitable one to explain
the distribution of transactions. Based on the

f(lv l) = (l+go+ g] - ﬂ;r_)—k

(80 ~F)(K+u=2)f(u-11) -

Kolmogorov-Smirnov test, it is observed that the
negative binomial distribution fits the data in‘the
field of library science, mathematical sciences, eco-
nomics and in "other subjects". This observation is
similar to that of the earlier observations by
Ravichandra Rao [4, 5, 6, ] Burrell [1] and also by -
Leemans et al {2]. However it does not ﬁt the data
for the "entire collection”.

4.1. Bzvarlate Dzstrlbutlon

Let £ (x, y) be the number of documents which
were circulated x times and the idle time of the book
was y years. In order to study how far y influences x,
the data pertaining to-f(x, y) are analyzed. The differ-

ent values of f{x, y) are given. in Table 2.

- Attempts were made to fit three bivariate
dlstnbutlons(negatlve binomial, log-normal and ex-
ponential) to the data given in Table 2. It is ob-
served that none of the three bivariate distribution

A D= gt g - A1) )
o u=2.3.4.. . ...
fiuy) = (g,-5) (K+V-2)f(1,vt-1)
. (1+go+g1"ﬂ2)‘(v‘1) . _
v=2.3.4,....
Fluv) = (g1 =) K+u+v-— 3)f(uv D+ (K+u-2)fu-1v- l)
o (+go+g~B)u-1)

u,v> 2.

The values of the constants are computed usmg the moments methods[8]. In the above equation u and
v are defined as x + | and y +1 respectively. The values of the constants are

correlation coefficient

¥ "= -0.284078.
xY) _

g, =2462024 g = 2997117
K =0.941705 B, = -11.044113
T =33185 5 = 3.8224

o, =3.7868985 o, = 3.2081926

“fits the empirical bivariate distribution. A fairly
good result was however obtained only for the bi-
. variate negative binomial distribution. The follow-
ing recursive relations were used to compute the
parameters of the bivariate negative binomial dis-
‘tribution.[5] '

224

The estimated values of f (x, y) are given in Table
3. Marginal distributions clearly suggest that the
bivariate negative binomial does not yield good re-
sult. However, the result is much better than the
result obtained for the other two bivariate distribu-
tions. ( log-normal and exponential).
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ANALYSIS OF BIVARIATE DISTRIBUTION OF CIRCULATION DATA

Table 3. Estimated value of f(x,y) (under the assumption that data follow

a bivariate negative binomial distribution)

\ 1 2 3 4 5 6 7 8 9 10 11 122 Total
X

1 241 182 142 12 88 70 56 44 35 28 22 18 1038
2 175 95 171 53 40 30 40 30 23 17 13 10 708
3. 131 95 71 53 40 30 23 17 13 .10 7 8 496
4 99 70 51 38 28 20 15 11 8 6 4 3 353
5 75 52 37. 27 19 13 9 7 ] 3 2 1 250 -
6 S8 39 27 19 13 9 6 4 2 1 1 170
7 44 29 20 13 9 6 4 2 1 1 129
8 34 22 14 9 6 4 2 1 92
9 26 16 10 6 4 3 1 ' 66
10 20 12 8 4 3 1 48
11 15 9 5 3. 1 33
12 12 7 4 2 1 26
13 9 5 3 1. 18
14 7 4 2 1 14
15 5 3 1 1 10
16 4 2 1 7
17 30020 1 6
18 2 1 3
19 21 3
20 O | 2
21 1 1
22 1 1
23 1

Total 956 682 496 465 271 202 1Sl 113 85 S 49 . 38 3484

66

4.2. Conditional Distributions

Attemps were made to fit the negetave bino-
mial distribution to each of the distributions given
in columns 1 to 12 of Table 2. It is thus observed
- that the distributions of transactions - x, the num-
ber of times a book is issued for given a y (the idle
time of the book), follow a negative binomial
distribution. The results are given in Tables 4 to 6.
In Table 6, "m. e." refers to the case where moment's
method is used to estimate the parameters; "m. 1.
e" (maximum likelihood estimate) refers to the
cases where maximum likelihood methods is used
to estimate the parameters. The "zero cell” refers
to the cases where the relative frequency (f0), 1.
e., f{x) for x=0) is used to estimate k, for known p, -
1. e. by equating p*to f(0). Where them. 1. e. could
not be computed, the m. . was used. '

The probability distribution function of the
negative binomial is given by

JISSL 4 1(3-4) September - December, 1995

oy = EFEDL ke
(k- Dl(x—1)!
x=1.2.3,....
O<p<lg=1l-p
The mean and variance of the distribution are given'
by (kg/p) +1 and kq/p? respectively. The values of
the mean, variance, p, and £ are given in Table 5.

4.3 Regression Analysis

Regression analysis is yet another .approach
to identify a suitable model to predict the number.
of documents which were transacted x times for
given y. Attempts have been made here to identify
a suitable model to explain the transaction distri-
bution. The following models were tried;

I z=a+bx
U z=a+bix
Ml z=a+bkix +c/x? (quadratic)

(lir/xear model)

(linear : inverse relation)
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(non-linear: gé_r_le.ralizcd _ _Parameters were computed using the least
bibliometric model; Lotka's  ‘square method and these are given in Table 7. The
model is a special case of - values of R ** 2 in Table 8, suggest that the model
this model) I (quadratic equation: z = g +b/z +c/x? explains

Table 4. Expected frequencies under fhe assﬁmpt'ion that the
conditional distribution follows a negative binomial distribution

3 4 s 6 7 8 9 .10 1 12

y 1 2
x _
1 295 214 233 113 92 54 108 87 69 115 . 92 34
2 185 112 77 45 27 25 38 34 28 12 23 10
3 135 - 73 43 28 15 15 18 18 13 6 8 5
4 104 51 27 20 - 9 10 9 11 6 3 3 3
5 82 37 18 14 6 6 5 7 3 2 1 1
6 65 27 12 11 4 4 3 4 1 2 1 ]
7 52 20 9 8 3. 3 2 3 1 - - -
8 42 15 6 7 2 2 1 2 1 - - -
9 35 11 5 5 2 1 1 1
10 28 8 3 3 1 1 1.
11 23 6 2 3 1 ]
12 19 5 2 2
13 16 4 1 -1
14 13 3 1 1
15 11 2 0 3
16 9 2 0
17 . 7 1 -
18 6 1 -
19 -5 1 -
207 T4 - -
21 3 -
22 3
23 2
24 2
25 2
26 1
27 1
28 1 _
30 N .
51 S0
Table 5. Value of mean, and variance, p and k _
y.’ Mean ' Variance p ’ : k
1 - 49082 " 243829 ' 0.160285 - . 0.746005
2 34017 10.9866 0218602 - 0671888 '
3 2.5090 ‘ 6.9169 . 0218083 . 0420887
4 2.6813 - 10.6860 - 0:157339 - 0479218
5 2.4061 © 6.6775 - 0.210556° 0.375038
, 6 . 2.6829 6.0529 0.277989 0.647961
7 1.8108 2.0345 0.398535. . ~0.584568
8 2.1361 - 3.6442 0311754 0.568293
9 1.8443 - © 17261 . 0490380 0.807561
. 10 1.7055 4.7557 0.148343 0.122882
11 1.4609 - 0.8266 0.557631 0.563839
12, 15818 1.8433 - 0.315638 0.427523.
226
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ANALYSIS OF BIVARIATE DISTRIBUTION OF CIRCULATION DATA

Table 6. Kolmogorov. — Smirnov statistic

Kolmogorov- Max Max
Smirnov D D

o - o
> . B

by the method

Y m.e./m.l.e. _ . zero cell
1 0.0479629* 0.5643 - 0.06522 _ . v
2 0.0557545 0.03397 0.04266 oo
3 0.0646886 0.05846 0.6595 :
4 0.098652 : 0.13445 i 0.06359 -
S5 0.1058758 0.08477 - 0.0853 - :
6 0.122627 - ) 0.02262 ’ ' 0.03008 - '
7 0.0999891 ] 0.04298 : - 0.02484 T
8 0.1046153 '0.05193 0.02484 _
9 0.1231286 0.03393 0.04329":
10 0.1 1255_44 0.03325 0.08106
11 0.1202081 0.03083 : 0.043
12 . 0.1833823 0.17103 0.05966
0.17312* " 005643 |
0.02276]1*** 0.11184 . 0 0.04259
*a = 0.01; H is rejected
**H  : Rejected, the data refer to the entire collection. (con_n_n't'f of Table) (x = 0,1,2,....)

hiik's A Rejected, the data refer to the entire collection (Cb[ {6) of Table 1) (x = 1, 2).

Table 7. Valﬁes of the constants of différent models

Model I - Model II. ) " Model IV

y z=a+bx = z=a+ bix + c/x? z=ax"

a b T b. ¢ a b
m @ 3 ' @ ) : OF o ®
1 -1.7382 305.8072 2771375 657.9676 -386.2439 *6.91877 -1.7948 -
2 -10.0337 222.7009 -21.10524 33.6134 | -1209125 6.19742 -1.9147
3 - -18.2223 221.8105 -13.81068 179.3964 434301 572729  -1.9925
4 -12.6457 142.8783 -4.92433 - 72.7065 71.0007 4.89722 -1.6865
5 -7.5401 - 853125 -6.23335 746111 © 105924 4.45326 -1.6970
6 -4.4636 57.5147 -5.32526 64.1240 -6.4013 426130 -1.6845
7 -19.8682 126.6031 -3.75233 26.6881 93.6881 508572  -2.3825
8 -12.8468 10.0232 -5.18573 494219 49.3261- 4.71980 -1.9652
9. -11.7791 . -79.3957 -11.52367 779718 1.2529 4.46946 -2.0332 .
1 -17.8948 . 108.94]13 -1.07168 3.3071 97.2995 3.95312 -1.5072
1 -23.5776 109.9859 . -9.21792 37.6075 61.1307 4.55739 ° -2.5176
1

-9.6925 - 476442 591723 37.9452 .74.7207 320365  -1.6849

. Note: (1) The values of y in column (s) refer to the different conditional distrubutions in column (1) to (12) bf Table 2.
’ (2) values of the constants of model I are not giver: since R ** 2 are very low as may be seen in Table 8.
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Table 8. Values of R**2

y z=a+bx Lz o= atbix z="a + b/x + c/x Pl z=axt
¢} @ ' RCI C)) (5)

1 0.443556 . 0.866178 ’ 0987623 0.879609 .
2 0.467005 0.960643 0.983514 . 0.90125

3 0.345559 S 0983741 0.992303 C 0847208
4 0.324789 0.973514 o 0.992303 ST 10:847208
5 10.357659 ‘ ’ 0:962068 - 0.983226 - 0.905678
6 0.515110 B I '0.977234 : ‘ -0.978082 - 0902964
7 0524152 = o 0968745 SRS 0.969589 ©- 0921246 -
3 0439823 - - 0971475 - 0986233 0917309
9 0619848 SO 0969581 0 0.969602 ' _ -0.939028
10 0.158664 . 0937342 N 0.995143 ) 0.810973
11 . :0:636744 o 0:971522 _ 0.985063 ST 10.855912
12 0.376776 o 0.866192 o 0.986431 S 0.855912

" Note: In column 1. the value-of 'y’ n;*fer 1o the different conditiondl distributions in-colimni-1 to 12 of Table 2.

Table'9. Estimated values -of ﬁ(x/y) :-for-:djﬁl_'elvnt values -of y, for:model m

1 2 3 4 5 6 1 8 9. 10 12

244 197 209 129 52 115 94 68 100, 90 43

O 0 WA LA W=

78

205 118 87 49 3. 25 . 34 32 28 25 25 6
139 78 ‘51 27 20 05 015 17 15 11 - 10 2
13 60i-34 18 13 10 :29 10 8 6 4 1
88 42 24 12 9 ~6°. 5 3 4 2 1 2
71 32 T 9 6 5 7 3 4 2 3 * 2
58 25 13 7 5 4 2 3 * *
48 . 19 .9 . 5 3 3 | 2
4 15 7 & 1 2 1 .

10 3 12 5 2 * 0. % .

11 2 9 3 2 * *

12 24 ... 6 -1 1 * *

13 21 4 6 . }

14 17 2 % *

15 14 1 * *

16 12 * Tk :

17 S (PR Y

18 8. . *

19 6 ]

20 4 - x

21 3:

22 1 Note: * Refers to negetivé value

23 0 : o '
*
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T PISTRIBUTION OF CIRCUL ATION DATA

‘Table 10: A stummary -of book transactions

Subjéct

Number of books which
~were used at least once

Number of books which
were not used ‘even .once

Mathcmatlcal sciences

Lfbrary science and relatcd toptcs " ‘913(39. 40%) '
Econom;cs dnd related topics 563(37 33%)
Other subjects 533(28.46%
Total -cpllécﬁon

1560 (48.80%)

3570(40 27%)

- 1637 (5120%)
1373(62:60%)
945(62.67%)

. 1340(71.54%)
5295(59.73%)

 Table 11 : Disttibutions of idle time of the book

_ Percentage of books whlch
were - used at: least once

ddle time after-thedast
Assue (in ‘years) T

- F0
20
30 .
40 -
50
60"
s (1
80.
%
5
98
99
100

©0.23
05 -
1.0
1.5
23
3.0
43
636
. .88
- 10.0
108
11.2
19.3

the transaction data much better than any -of ‘the
other three models. The ‘generalized bibliometric
model fits. equally well and the value of b is very
close to -2,.the case of Lotka's: functlon The esti-
mated values of z(i. e. for f(x[y)) for model III are
“givenin Table 9.

4 4. Concentratmn of Documents

Table 10 shows that the number of books which
were issued out (at least once over a period of -more
than twenty years) was only 3570, which is about
40.20% of the total book collection. This gives an
impression that the collection is-hardly- being uti-
lized: But, this may be due to the fact that: -

i) The collection policy nught notbein
consonance with users' needs; and /or
i) It is quite likely that users aré not aware of

JISSI 4 1(3-4) September - December, - 1995

the availability and access1b111tv of books.

iii) " The most of the books:might: have been used

* only withing: the library, but not issued. out!

On the basis-of further. analyses- of the data. by
subject), it was: observed that "

i) In mathematical sciences, ncarly 50% of the
“books were issued out; and '

ii) ‘In:libraty science, economics and related
topics, 40% of the books were issued out.

iii) In other disciplines, only 29% of the books
were issued out. - S

Data i mn Tables 1,9 and 10 suggest that

i)  60% of the books were not issued out;

ii) 16% of the books were issued out only
once; '

iii) 8.2% of the books were issued out twice;

1229
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iv) 6.3% of the books were issued out five times; -
v) 4.3% of the books were issued out six times; -
vi) Only one percent of the books were issued .

out more than 15 times.

In general, while only very few books are be-
ing circulated again and again, most of the books
are hardly being borrowed. (Most of them, in fact,
are not issued out at all).

On the other hand, Table 11 gives the data on
the distribution of time gaps between the date of
last circulation and the current date (idle time),
From Table 11, it may be observed that the me-
dian idle time of a book is 2.3 years; that is 50% of

.the books were issued at least once in the last 2.3
years.

In the special llbrary, wherein this study was
conducted, if an automated circulation system is
introduced, it may be enough to prepare the ma-

chine readable records for'the 60%. of the active .

collection (for those books which were issued out
at least once in the last three years). For the other
40% of the collection (for those books which were

not used even once in the last three yéars). the

machine readable records, may be prepared as and
when it is required .

This approach to circulation analysis further
indicates that a very small portion of the library's
holding accounts for a larger fraction of the circu-
lation transactions. The statistics of last circula-

tion date have thus the "potential in the quantita-
tive method of thinning the stacks"[9]. This statis-
tics also has the additional advantage of reflecting
user requirements and does not reﬂect the subjec-
tive judgment of individuals so often used in stack
thinning.

It may thus be possible to define the core collec-
tion, based on this type of study, which satisfies 90%
of the user requirements. Other questions which one

“may answer from this type of study are:

1) Question of multiple copy needs;,

i)’ Physical organization of documents not used
frequently/recently:;

iii) Size of a library holding.
This study indicates that the conditional dis-

tribution of transactions

1. follows a negative binomial distribution

2. canbe explamed by & quadratic model, using a
regression analyis

3. can equally be explamed by a anerallzed

bibliometric model; it is very close to

Lotka's model. '
Further, data suggest that over a period of time.
number of frequently used books increases. This
can be seen from Table 2. as y increases from col-
umn | fo 12, the tail of the distributipn
decreases. It implies that the core size consisting
of the frequently used documents is increasing over
a period of time.
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Some Elementary Characterizations for
a Class of Skew Distributions with
Applications to Scientific Productivity Analyszs

Shan Shi and He Jiajun ,
Document and Inforrnation Management Department, Liberal Arts College,
Shanghai University, San Men Road, Shanghai 200434, China

Some elementary characterization for a class of skew distributions are presented. An
equivalent relation between the Waring distribution and the truncated first moment with a
patticular linear form is established. The Yule distribution is shown to exhibit the important
invariance property that the distribution of observed productivity, suitably truncated
,coincides with the true distribution if and only if the dlstrlbutlon is of the Yule form. An

illustrative example is provided.

1. Introduction and Summary

The Waring distribution has an important place
in distribution analysis of scientific productivity.

A special case,named the Yule distribution, of
the Waring distribution was derivedin the class1c
paper of Price (1976). Authors such as Simon
(1955), Price (1976), Tague (1981), and Schubert
and Glanzel (1984) have asserted law - like adher-
ence to a Waring- Yule-type model. Moreover,
experience as evidenced by an impressive variety:
of data sets, supports the assertion that, a Waring-
Yule-type distribution providesasatisfactory model
of publication productivity in different sc1ent1ﬁc
fields.

In Section2, the (shifted) Waring distributior
is exactly characterized by the expectation of the
distribution truncated from the left at m. Let the
latter be denoted by E__ . . An equivalent -elation
between the. (shlﬂed) Warmg distribution and
E ., with a particular linear form of m+1 is
established. _

Truncation is specially important in cases
where the relation between the fraction of sources
having m + 1 or more items and the fraction of
items yielded by the sources havingm + 1 or more
items is studied. ( A familiar model has been first

-developed by the Glinzel et al (1984)). '
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Let p and 6 be as follows :

p = p(m + 1) = the fraction of sources having
m + 1 ormore items (i.e. , the fraction of authors
having m + 1 or more papers)

0 =6 (m+ 1) =the fraction of 1tems yielded -
by the sources having m+ 1 ormore items (i.e., the

fraction of papers produced by the authors having
m + 1 or more papers).

Authors such as Egghe (1986) and Burrell
(1985) have studied the relation between p and 6,

them. 6 / p may be regarded as the ratio of output
to input. From the definition of E_, . we have

S kp(X = )
9 — k=m+l - . c
Skp(x =k) Z;p(X=k)
k=1 - k=m+1 .
E(X|X2M+1). :
== Ea/ B

E(X|X21)
sothe conclusionin Sectlon 2thatE__ having

aparticularlinear formofm+ 1 is eqmvalent tothe.

~N

Waring dlStl'lbllthn will give a insight into the
strength of the "output/input effect.”
In Section 3, observed or reported productlv-

ity Y is assumed to relate to true product1v1ty X

accordmg to )‘le equatlon

- 231
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Y =[UX] _

where [UX] denotes the integral part of UX
and U is a uniform (0,1) variable distributed
.independently of X, and underthe assumptionand
the other conditions it is proved that the distribu-
tion of Y truncated from the leftat m coincides with
the distribution of X if and only if X has the Yule
distribution truncated from the left at m (m is a
non-negative integer). [A special case wherem=1
has been examined by Krishnaji (1970).]

Characterization by under-reported data is

1specially important in cases where a suitable dis-

{ tribution governing the true values on the basis of
a sample of under-reported data is selected and
used in prediction problems.

Publication data bases, such asabibliography
covering a certain span of years on a particular
subject and the Science Citation Index (SCI), have
been succesfully used in scientific productivity
studies. But this approach, however, has its own
problem. No publication data base can be free
from geographic and language biases. ‘

Data reported in a publication data base rep-
resents, however; onlya fraction of the total scien-

. tific productivity (in our terminology : it is.an
understatement of true scientific productivity). A
true distribution on the basis of under-reported

publication data will provide a new indicator to

measure scientific productivity potential.
In Section 4 a new index derived from the true
distribution, named the coefficient of the potential

of'scientific productivity potential, is presented for

scientific productivity analysis. We provide an
illustrative example. Utilizing the previousresults,
we study the scientific potential and true produc-
tivity distributions in the information science field
of China with respect to the different time spans
and periods. '

2. Waring Distribution and Its Charactenstlc
Property :

2.1. The Waring Distribution i

Itis wellknown thatthe Waringdistribution of
random variable X is given by the following
' B( k)
q ( '+ B)ik+l;

p(X =k)=

232 -

=ar@+mna+m
() T(o+B+k+1)

,k=0,],2..., (1)
where a>0, >0, and
a® =r(a+5)/T(a).a>0,b>0, and () s the

gamma-function.
Now we consider a more general form of (1).

Let the distribution be shifted t units to the right

and tbe a integer not smaller than 0. The resulting
distribution is given by '

B _
ki=1, 1+1,..._(2)

. p‘(X:k)za(a+B)(k—1+l) ?

" The shifted Waring distribution is denoted as
p(X=k)in(2).Itisobvious thatp (X=k)in(2),
ie, p(X= k) fort=0,isp (X=k)in (1).

2.2. Truncatethstnbutwn and Conditional Ex—
pectatzon

Let X be a random variable defined on the set
of non-negative integers: { 1, t+ 1,...,k, ... }
whei . 120. Thenthe following conditional distri-
bution is called the distribution truncated from the
leftatm : '

p(X=k1X2m+l)=—££—/—‘:—ﬂ2——,
Y (X =k)
- k=m+1
k=milmi2. o ()

where m is a non-negative integer not smaller
than 1,and the conditional expectation of X, given
X2m+ 1, written as E (X | X 2m + 1), is defined

by

E(X|Xzm+1)= io‘,kp(X?le?'"*w‘) “)

k=m+1

2.3.A Characteristic Property of the Warmg
Distribution

The followmgtheorem will displaythe impor—

“tant property of the Waring distribution which

exactlycharacterizes the distribution by the condi-
tional‘expectation E (X | X2 m + 1). The theorem
has been partly proved by Gléinzel et al (1984).
Alsothey have generalized itto the Waring Distri-
bution with three parameters, i.€., the generalized
Waring distribution. But the t - shifted case was
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not dealt with in their study. We prove it in a more
intuitive way and include the proof here for the
sake of completeness. However, the characteriza-
tion model based on the truncated moments for the
discrete skew distributions was first developed by
Glanzel et al.

THEOREM 1. Assume a to be greater than

one. Also suppose that >0, and m=> ¢, bothm and
tare non-negative integers, and k=1 :+1, ..., then

a8’
Pl(X—k) (—+W
if and only if
E(X|X2m+l)=a(m+l)_l+ A (6)
: a-1 a-1

PROOF. Necessity. Assume thatp (X =k) has
the form in (2), it is easy to check that

C(a+p)
I ()r(s)

pl(X =k)=

je 6 e (1-0"do

whlch says that p. (X =k) is a geometric-beta
compound distribution The probability generating
functions (p.g.f) of the Waring distribution is
given by
A1

Na+p) .j-H"(l—é?) st
Na(8 —(1-9)s

Hence we have the relation.

de (7

gl9)= Tpdx=r)t
k=m+1
_ (a+ﬁ) l 6)m—t+ﬂ m+1
_1“( J —(l.—6) . doe (8)

From (8), we have

m+1-
> piX = k)= gl)—-(ﬁ( P ©)

k=m+1

-and -

kaz(X k)-— g(s)y
.k =m+1 .

JISSI ¢ 1(3-4) September - December, 1995

ﬁ(m+1—z) m+ l)— L ,B
(m+1- 0 10)
(t:¢+,[})m+ a-1 a-1 _
Substituting (9) into (5) and then (10) into (4),
we obtain

a(m+1)—z+ B .

La-1 a-1
Sufficiency. Assume that E(X|X 2m+1)

E(X| X z2m+1)=

alm+ l) -1 B :
= + , because achas been assumed

a-1  a-1
to be greater than one, E(X | X >m+1) exists.
From the relation : :

(X|X>m) }:p(x k)- E(X|X>m+l)

k=m

ZpX k) mp(X =m),

k=mt1 )
the followmg will thus hold for % > Lm= 1,
‘am—z+ﬁz X k) - (m+l)—z+ﬂ
2 p(X =k)=mp(x=m) oA
k=m+1
Let '
U=p(X=m)andV= 3 p(X=k)
' k=m+1 ’
_ we have
Ula=1)m=U+V)(am-1+p)
~Va(m+1)- 1+ 5] (12)
From (12) the ratioof Uto V is
U_ plx=m) __ a
Vo Shle=) M ()
k=m+1 ’

_Then we have

X plx=k)="— Po(xc=m) (12
k=m+1 .
and
i at+p+m—1
'ZP(X=k)=—'-L‘———P(X'=M)' (15)
k=m . o
It thus follows that
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ﬂ(m— 1+1)

E P(X k) (a+ﬂ)m T am—i+

k=m+1

which has been given in (9). This result says
that X follows the (shifted) Waring distrubution.

-3. YuleDistribution andits Characﬁ‘istic Prop-
T erty

3.1.A Model for Under-Reported Data

- Let X bea random variable suchthatp (X=k),
k=1,2, .... Then, as found by Bissinger (1964) a
new distribution can be defined by

g(r=k)= 3 M,k =012... (1)

i=k+1 !

One may legitimately expect that the observed
or reported magnitudes are under-statement of the
true’ values of the variable. Assume that X is
unobservable, but is related to an observable Y

" according to the equation : :

[UX]=Y (17)

where [UX] denotes the integral part of UX, U
is a random variable distributed independently: of
X and uniformly in (0,1). Then (16) gives precisely

_the distribution of [UX] for
p[Ux])=k)= plk <UX <k +1)

= E’:p(X—z) (kSU<E—l]

i=k+1 4 1

=qY=K), k=012, = (18)

(18) and the probability generating function of
q(Y = k) were discussed by Krishnaji (1970).

We consider a deferent model which was
introduced by Rao (1964) : Here an observation

may be somewhat destroyed. If the probability of -

an original observation X be P (X) and the chance
ofk survivors out of is S (k,X), then the probability
of observing Y =k is

gt =)= T p(x = sk, X =1), k=0,1,2,... (19)
) _k .
| Let wherep (x=0)=0, s (x,x) =0, and s (k,
=1)=1/1, (19) will reduce to (16)
From (16) it follows that ‘

234

p(X =k+ 1) :
k+1 °
k=0,1,2,... R (20)

(¥ =k)-q(Y =k+1)=

3.2. The left-Truncated Yule Distribution
The Waring distribution
2

( + ﬂ) k+1

in the special case where B = 1 reduces to

k!
(a + 1)I.:+1

pX=k)=a k=0,1,2. ..,

(B (., .) denotes the beta-function), which is
called the Yule distribution.

Let :=0and B = 1, the formula in (9) will
reduce to \

(m+1)
X=k)=——-—"——

k%ﬂ +1){k +) —%ﬁ( ) (a+ D™D
(22)

From (22) the Yule distribution truncated
from the left at m, i.e., the left-truncated Yule
distribution , is given by

(2 + m)(k_m".l)

“ (a+2 +m)(k_'"j

(24

=m+1, m+2, ..., (23)
where m is a non-negative integer.

(X =kl Xz2m+1)=

3.3 Characterization by Under-Reporiegi_Data

In the 18th century, Waring showed that the |
functionx / (x - a), x> a > (, can be expanded in
the following way :

T x © o

x—a =i§0(x+l)(i)j

14 a + a(a+l)_. o )
TR (xilxrz) @9

Let a non-negative integer m be given and
[UX] denote the integral part of UX. We have the
following theorem.

THEOREM 2. Let X be a positive integral-
valued random variable not smallerthanm+ 1. Let
U be a random variable distributed independently
of X and uniformly in (0,1), and Y = [UX]. Then
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g(Y =k|Y 2m+1)= p(X = k| X 2m+1)

for K = m+1, m+2,

......

> k=0

and Z‘I(Y k)=1-(m+1)g(¥ = m)>0

if and only if X follows the Yule distribution truncated from the left at m.

PROOF. Necessity. Substituting (23) into (16) and using (24) we get

~

_ a (1+m)(i) a
| (1+m)(a+2+m), 0(a+3+m)(') (a+1)(m+1)
. fork=0,12,..m;
q(Y =k)=
- (2+ )(k 1) (k + i)(i) +mf* ™Y (25)
(a+2+ m)(Emtl) | “olar3em) T (ar24m)F as1

i

From (25) it may be seen that 1 /(. + 1) = 1 -
(m+1).q(Y=m). Letq (Y =m) =q_, we have

=[l—(m+l)qm]p(X_$ KX 2m+1)
(see (23)) for k=m+1, m+2 ...,
1~ Tqlt=k)= Sq(r=#)
k=0 k=m+1 .
=1~(m+1)g,, =1/(a+1),
We thus have 1-(m+1) g >0, and
q¥ =kY2m+1)=p(X =kl X 2m+1).

(26)
and

@

- Sufficiency. Now Y=[UX] follows the dlstn-

bution given by (16) we further assume
q(Y—k|Y2m.+1)—p(x—_k|X2m+l)

and
Zq(Y k)—l (m+1)qm >0 (28)
k—m+1 .
~ From (28) and (16) it is easy to show that
1=(m+1)g,,<1. ' (29)
We hav¢
g(¥ = k) =[1-(m+1)q,,]p(X = KX 2 mi+1),
kemtlme2 ., (30)
Since -

)= p(X k+l|X>m+l)

g(Y =k)- q(Y k+1
k+1

(31

. JISSI ¢ 1(3-4) September --December, 1995

for p=m+1, m+2, .....

(sec (20)), substituting (30) into (31) yields
X =k X>m+1) ‘
.

k+l+ea
where

a=[1-(m+1)g,]" - ey
From (28) and (29) it follows that > ¢. Then we
have '

pX=k-UX2m+])

~

k- k-1

(X =k|Xzmil)= iy
p( ‘ " ) k+l+a k+a ™

m+

p(X m+|X2m+1) (33)
m+3+a

Let k= m+l in (30) and k=m in (B1), we get
) (a+ l)(m+l)qm 34

m+l+a+l -~
From (32).it is easy to check that

p(X = m+l|X> m+1

_ mi2+a Gy
- Substituting (35) into (33), we finally obtain

2+ m)(k-""_l)
S arzem®m™
which is the Yule dlstnbutlon truncated from the
left at m.

The casem=0has been exammed by KI'lShIlaJl

(1970).

So long as these reportmg errors tend to
 influence all the true values of the variable in the -

X =m+1| X2m+1)=

p(X = k|X.'72-.m+_ )=
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way that the observation error variable is a uni-
form (0,1) one, even if for the m- truncated case,
the Yule-type model will be preserved. This stur-
diness gives us new insight into the meaning of the
Yule-typemodel and additional confidence that the

model provides at least a good first-approximation -

description of the productivity data.

4. Applications

4.1 APotenttalAnalyszs ofSczentlf cPraductzv-
ity

Let the expectation of a distribution truncated
from the left at m be denoted by E namely,

m+] ?

E_,, is the conditional expectation E (X|X > m +

1). Lete_,,
truncated sample given by

K o -
mil = Z kny / ané
k=m+1 k=m+1
wheren, is thekthabsolute frequency, namely,
the number of authors havingk papers, e, ,, can be
used as an estimator of E__, :
Let the observable productmty Y have the

Yule distribution (the case B = 1 of the Waring

distribution with-i = 0-in (2)), we have (see (6))
a(m+1) N 1
a-1 a+ l

Also when Y follows the Yule distribution
defined as

. (Y=k)=aﬂ(a+l,k+l), k=0,1 2,..,
we have

E(XY|)Y2m+1)= =0,1,2...

- -
CE(N)=Er20)= ;—1‘ 37
Combining (36) and (37), we have the follow-

ing linear formula
) o
EY|Y=h —*——h+-——
(rr=h) poy (38)

wherehi isa non-negatlve mteger Theseries€,, ¢,

..can be calculated directly from the observable -
‘ data and an estimator,a,, of o. can be obtained by

some proper methods (see 4.2 for details).

Now we assume that the observable produc-
tivity Y is related to true productivity X through
thé relation Y =[UX] where U is distributed
uniformly in (0,1) and independently of X and [.]
denotes the integral part of " . ". From Theorem II,
 thedistribution of Y is related to the distribution of
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be the sample mean of the m +1- -

(38)).

X through the following equation

AT=K) _pox kx>
1-g(¥ =0) |
We have .
=0 e nmat L+, k=12,

1- fI(Y =0)
' ' - (40)
(40) can thus be used to estlmate the potential

of scientific productivity (relative frequence of

"authors" having true productivity X). The ratio of
P(X=k|X21)toq(Y=k)is o+ 1, anestimator,
a,, of 2 can thus be defined as the coefficient of the
potential of scientific productivity (CPSP).

4.2. An Analysis ofReseareh Potential of Infor-
mation Science in China '

We present an empirical dataset about the
productivity distributions of information science
in China. The dataset includes an actual distribu-
tion of author productivity among five major Chi-
nese journals in information science field for the
years 1987 - 1992. The five journals are IS, JIS,
PIS, RIS and TSI. Thecomplete count, cred1tmg
all collaborating authors, is used.

Let the n observable variables be ranked in an
increasing order, i.e.,y, <y,<...<y_, wherey =1

usually and y, presents the maximum value of the

productivity variable y; The sample mean of y.-
truncated sample is denoted as ¢,. Plotting e, versus
y, it will be found that the sample step — curve is
asymptonic to a straight line. The theoretical rea-
sons for this have been sought prev10usly (see

From (3 8) the parameter @ ‘can be estimated
through the following equation

1
e.:———
'oa- 1y' a-1

“The estunated value based upon e, is denoted
asa, i ie.,
e;+1
a; = > i=1, ..
€ — i

n-1 (41)

(note e, -y, =0, therefore o is invalid and that

i =n is omitted). An estunator a,ofa,ie., the
coefficient of the potential of scxentlﬁc productiv-
ity (CPSP), is taken as

JISSI ¢ 1(3-4) September - December, 1995
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CPSP = [ﬁ a,-]"-l 42)
i=1

‘which is the geometric mean of ;.

For our dataset the sample step-curve consists of
two identifiable regions : a large linear portion
containing the low, moderate and prolific authors,
. anda very short-dropping tail of prolific contributors.
The latter region is characterized by large and discon-
tinuous vahies of the variable ¥, and lack of ties for
product1v1ty scores. Correspondently, the &, whose
‘associated y, is in the latter region would be higher
thanthe ¢, thatits y, is in the previous region through
the estimation procedure (41). For estimating CPSP,
(42) would make that those o, 's whose associated
¥,'sareinthe previous region outweigh the other o
;'s whosey, 's are in the latter-one by smoothing the
o ,'s with the geometric mean.

It is necessary that the number of the invisible
authors (the authors who produced zero papers)
should be estimated from the observable data in
order to predict the true dlstnbutlon of scientific
productivity. The" number of the mv1s1ble authors
is estimated by. ' S

ng = (o +2)m S ®
which is derived from the recursion relation
“k+1
alr . 1) a+k+2
where Y has the Yule-distribution. ,

In our statistical analysis, the six-year period
1987-1992 is divided into two comparative parts,
i.e., the first three years 1987-1989 and the second
three years 1990-1992. Chinese potential of scien-
tific productivity in information scienceis analysed
by our statistical model with the deferent time
spans (three years and six years) and periods.

Also the productive manpower that was
estiamted by the above procedure is contained in
. the first three tables(1,2,3). It should be mentioned
that a familiar method to estimate publication
potential was given by Schubert et al (1986)

although in a deferent setfing...vaiously, our

“model is akin to theirs. :
~ Finally, the pairs (y, ¢) (i = 1,2,...,n) were
measured by the sample correlation coefficient r.
The results are presented in Table 4. All the values

of r are fairly hlgh (more than 0. 95)

~ JISSI ¢ 1(3-4) Se_pt'ember - December, 1995

Table 1. Author productivity distribution of
information science in China

1987 - 1989
i |y, #of #of # of
' authors | expected | '~ exp:cted
' : authors true authors__
0 0 (5862) * | 585685 | -----
1 1 861 860.29- } 4497
2 2 200 ¢ 220.36 1280
3 3 73 75.05 436
4 4 30° 30.60 |} 177
5 5 23 14.16 82
6| 6 5 7.19 42
7| 7 7 393 | 23
3 5 227 | - 15°
9] 9 2 138 | 8
101 10 1 0.87 5
11] 12 2 038 . 2
12} 13 2 026 | 1.5
131 15 1 013 .| 0.8
14| 18 1 005 | 03
o= CPSP 4.80799
# of observable authors '_ - 1213
# of invisible authors ’ 5862
" productive manpower . - 7075

q(Y =k),k=01,2,. (44)

* it wis estimated by_(4é), i; c., 5862 » (4. -so79_9+2). 861

Table 2. Author productlvnty dlstrlbutlon of
information science in Chma

1990-1992
i v, | #ot | #of | #of
authors “expected expected
_ authors | true authors
0 |o |'o0s)* | 698860 | --oomoe-
1 1 935 932.74 6056
2 2 193 219.66 1426
3 (3| e | 6042 451
4 4 34 2646 172
5 5 . 10 11.51. . 75
6 |6 | 12 | 553 [ 36
717 . 3 ] 28 18
8 8 4 - 1358 10
919 2 0.92 6
10 10 2 0.55 "3.6
11|15 1 0.07 0.5
"o = CPSP _ 5.4925
# of observable authors | 1256
# of invisible authors - o 7005
© productive maiipower . 8261

* it was cstimated by (43), i. €., 7005x(4, 80799+2)935
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Table 3. Author productivity distribution of
information science in China

1987 - 1992
i]y, # of "~ #Hof - #of
authors expected expected
authors | true authors
0 0 (9995)* 10043.07 | ---~ce--
1 1 1482 1489.26 8555
2 2 370 . 384.61 2207
3 3 132 131.95. 758
-4 | 4 59 54.16 311
515 35 25.20 145
616 28 12.87 74
717 15 7.07 ' 40
8|8 10 401 24
919 9 2.51 14
10 { 10 - 7 1.59 9
11 } 11 5 1.04 6
12 112 2 0.70 4
13113 4 0.49 3
14115 2 0.25 1.44
15] 16 1 0.18 103
16 | 17 1 - 0.13 0.75
17 ] 19 1 1 0.08 o 12046
18 { 20 2 0.06 " 034
19124 1 0.02. 0.11
a=CPSP - L 47442
# of observable authors . : 2166
# of invisible authors 9995
productive manpower ‘ 12161

* it was estimated by (43), i.c., 9995 (4.7442+2).1482

Table 4.Sample correlation coefficient of
observable productivity values and

N means of truncated samples
Period r
1987-1989 0.9545
1990-1992 . 0.9906
1987-1992 | 09869
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1 With sense of deep loss and grtef we. had to accept the news of sudden demise of

" ProfDrH S.Sichel. Despite is-a

anced age and ill health, Prof Sichel very

- gladly agreed to be on the Editorial board of JISSL. He proposed to help JISSI in
all possrble ways. We_ publ sh_ here the letter of Mrs Stchel as an obztuary '

| Subir K Sen |
- Hony Executive Editor
issl |

Dear Mr Sen

* From : Mrs Hilda Sichel
24/10 Zalman Shazar
Rishon Lezion 75700
Israel.

Dated 15.09.1995

- Itis with great sadness that I have to wr1te and mform you that my dear hus-
| band Herbert Simon Sichel died on the evening of the 4th September.

] He had been suffering from lung and heart problems for nearly three_years. He
- had a spell in hospital in July of this year. Even though greatly debilitated physi-
': cally, his mental powers weré as stiongas ever. His death was sudden. He was 79
years old and would have celebrated his 80th on the 8/11.
: He w111 be a great loss. to the ﬁeld of Applled Statistics.

- JISSE # 1(34) September - December, 1995

. _‘Yours sineerely,

. SdfHilda Sichel

239




BRZARK INFORMATION SYSTEMS (P) LTD.

Subscription & Books Division
112, Humayunpur (Near NCC Office)
Safdarjung Enclave, New Delhi-110029
Ph. : 688 2366 Fax : + 91-11-687 4472

Importers
- Exporters R
~ Distributors
~ Subscription Agents

SRR

| Specidliééti'oh' o

Sczentzfzc, Technzcal Commerczal & Non Commerczal ]ournals,
Books, Reports, Monographs, Conference
Proceedmgs Standards, Specifications & Patents

- insprint form as well as in electronic media -



How Strongly Deterministic Is_Cha_otic- Behavio_r in
Computer Mediated Network Communication ?.

Herbert Snyder
School of Library and Information Science, Indlana ‘University, Bloomington, lN 47404 USA

Douglas Kurtze
" Department_of Physncs North Dakota Qtate University, Fargo, ND 58102, USA

The work is. part of an ongoing series of projects that examines the use of chaos theory in
modeling time series data generated by computer mediated communication (CMC). The study
regards the time series data generated from a CMC discussion group as the sum of two
. components. One is a deterministic "'signal"’ which presumably obeys some unknown ponlinear
dynamics. The other component is truly random ''noise." The study's overail goal is to assess
the relative importance of these two components, using techniques devised by Procaccia and
Grassberger for studying chaos in time series data. Analysis of the time. series indicates that
approximately 70 --80% of the variance in the data can be accounted for by deterministic chaos.
.lmphcatlons for future research using chaos and CMC are discussed

1. Introductlon

_ Prev10us work in the ﬁeld of blbhometncs has
cxplored the utlhty of using nonlinear - dynamics, or
chaos theory to describe mathematlcally patterns in
scholarly commumcatlon such as cocitation claster-
ing (1, trequency of pubhcatlon of ] ]ouma] articles
[2], and postings to scholarly ‘computer , bulletin
'boards [3] It remains unclear whether chaos analysrs
is a suitable methodology fori mvestlganng scholarly
- communication. Among the criticisms ralsed against
chaos as a bibliometric tool are ;.

(a) Chaos analysis may be too sensiti\'/e to apply
‘to data generated by behavior as disorderly as
human communication. Chaos analysis is usu-
ally apphed to systems that behave- relatrvely
simply (e.g., biological populations, ‘crystal

: growth, etc.). There is a concern, however,

that chaos analysis may indicate chaotic be--

havior is present when applied to human-

* generated data not because there is underlying

deterministic chaos, but because the data are
extremely complex. - '

(b) Even if scholarly communication exhibits cha-

otic behavior, it is unclear how much variance in

_ JISSI & 1(3-4) Septeuber - December, 1995 -

the phenomena can be accounted for by deter-
ministic chaos. Chaos may be a major factor in
explaining scholarly communication or a minor
factor overlaid with large amounts of noise. The
presence of chaotic behavior does not indicate
how strongly or completely it-can explain the
phenomenon in which it is found.
(c) Chaos may not offer any predictive power If
- scholarly communication is.governed by ex-
tremely complex chaotic processes it may not
be possibletoidentify them with finite amounts
__of data orit maynot be possible to extract the
deterministic mechanism that describes the
' .commuinication behavior. In gither. case there
_is mo-practical difference between random
-behavior and chaos. S
. The current:study:is part of an ongomg, mcre- ‘
mental examination of these points .within : the
context “of ccmputer mediated communlcatlon

'(CMC) S e 3
- Earlier work- by the authors in- the ﬁeld on
' 'CMC established that a time series-of postings to

an electronic bulletin board_exh_lbrted; chaotic be-

- havior[4]. 1In an effort to address. concerns of
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randomly generated data to chaos analysis and

determined that randomly generated data. with
parameters similar- to those of chaotic human- - .
generated data did not behave chaotically[5]. The
current research advances this line of inquiry by’

investigating the extent to which chaos can. ac-
count for variance in CMC.

To explore.the utility of chaos analysis asa -
blbhometnc tool 'within the ‘arena of €MC; it is -

necessary- to determme how much vanance in

progresswely largei-amounts ‘of noise and:teana=

lyzing the time series until chaotic behavior wasno -

longer exhibited. The details of this technique and
the; ﬁndmgs of the study are reported below

':. '_2 Methodology

Computer ‘mediated discussion groups typi-
~Gallydeal with a specifi¢-area of interest such as
_philosophy or- computer-—use Participants in the
""dtscusston groups read and respond toi messages

“single messages frequentty generate a number of
: ' § inteply. B
: exammatlon ‘of ‘the: :dlscussmn groups
. f‘available on:the USENEF+system: ‘was:made.
There were thiee critéria for selection, -
““atly or téchrical discussion subject 2)-availability
~ of discussion group. arch pies-of all
“‘missageés sent: to'thie. discussion: group); and: 3)
Continuous use of the group:for at-least S:years.
- Fhie discussion: group: which was-finally: selected:
was [BM-PC Digest. IBM-PC Digest deals/ with
issues concermng IBM: personal COmPputer use.
" Fhe' group ‘draws. its" particlpants almost -exclu-
-sively from adademic or research institutions, and:
" has'been in operation:continuously since 1982 Fo

the best of the authors" knowledge, this. places it

‘- 'among the longest continudusly-running groups
on the USENET system. Complete archives were

ayailable for alltraffic on the network, and copies:

of these were obtained. for the period January,
1982-November; 1989. '

- All' messagés sent to the system: have a

- standard heading which-includes the date and tinie
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1€ _ 'be accounted for by an.
underlying chaotlc mechamsm Smce norse cannot .
be removed from thie date this was done by adding:

})scholx

~SNYDER AND KURTZE

sens 1t1v1ty in d1sorderIy data the authors subjected"" of transmlssmn A computer program was written

which identified the date and counted the number
of messages posted each day, including an extra
day for leap years and days for ,which there were
zero postings. The resulting data was in the form
of a time-series of 2707 separate days, each paired
: with the tot_al' number of messages sent that day.

L3

2 2 Investigating Determmlstzc Chaos.in Time-
‘Series Data

"We regard the. data as the sum of two compo-

" nénts. Oné is'a detemumstlc ‘signal” which pre-

sumably obeys some- unlcnown nonlinear dynam-
" ics. This signal is itself chaotic, yeti if the dynamics

- - can’be unravelled:the signal should be predictable

“at least for shert times. The other component is.
truly random "noise", which is not predictable at
all, even in principle. Our overall goal is to assess
the relative, nnportance of these two components
S At 1€ SEries obtamed from apurely detemnn- 7
'-1st1c nonhnear dynarmcal systém’cari be" cha- .
otic", resembhng a’purely random time: senes'so
closely that the eye cannot dlstmgursh between the
' The 'two'can be d1st1ngu1shed ‘however. by
h -espectlve fractal dimeénsions. o
doné; ‘suppose the: dynamtcs pro-
atum in'thé tirie series using only
the" mformatlon contamed in the m-most recent

2:;%£1)

xp}—-f(xa n>xp—z}a 7xﬁ—m}) |

_"m-tuple contams all the mformatlon needed to-
. ;compu!;e the next: m—tupie

(2) (x{, 1}x{,_2}

(X{l ¥ ,X{, _1}:, | x{]—m+1})

where the new datum x,, 1s glven by the equatlon
(lyabove.

Geometrically, then, the dynamics take each
point in.the m-dimensional space of m-tuples. of
consecutive data: to- another point in that space:
Note that the m-tuples overlap; this is part of the -

definition. of their dynamics. If the underlying
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function f uses only the m most recent data (or
- fewer) to determine the next, then each m-tuple
contains all the information needed to determine its
.successor. Chaotic deterministic. dynamics char-
acteristically concentrate the m-tuples on a subset
of the full m-dimensional space. called an attractor.
Typically, the attractor is a fractal, with a dimen-
sion d which is less than m, and whichi is not an
integer. On the other hand, if the data are actually
random (independent and identically distributed),
then the m-tuples will be distributed randomly in
their m-dimensional space, and will not concen-

trate on any lower-dimensional subspace.
It is thus possible to dlstmgulsh a purely

deterministic, chaotic time series from a random

one by calculating the fractal dimension of the
figure formed by the m-tuples of data points. For
random data, the dimension. will be m, whilé for
chaotic, deterministic data, it will be less than m.
One small complication in this prescription is the
fact that m, the number of data points which the
putative nonlinear dynamics actually needs to
calculate the next point in the time series, is
unknown. This is actually an advantage, however.
If we choose a value for m which is too high, then
the nonlinear dynamics actually uses fewer than m
values to compute the next datum, and so the
dimension of the attractor is virtually unaffected.
Randomdata will always give a dimension equal to,
m, whatever value of m we have chosen.

The standard method for calculating the fractal -

dimension of an attractor from a time series of
points on the attractor is the correlation a'gorithm

~of Grassberger and Procaccia[6] Conce:ptually,
this counts the:average number of m-tuples which
lic within a distance 7 of a g.ven m-tuple. The
volume of a fractal of dimension d lying within a
distace » of a given point cn the fractal is propor-
tional to <, so we can estimate the dimensiond'by
fitting the dependence of the counts on 7by a power
law. The calculationis actually done by computing
the correlation sum.

()] (3(r,N)z(i/' NZ) [number of pairs

© (i) for which | | v] 4 ] 1 I=r],
where N is the total number of m-tuples, then

i plotting log (C) as a function of log(#), and fitting .

a straight line through as large a section of the plot
as possible. The slope of the line is then an estimate

JISSI ¢ 1(3-4) September - December, 1995

ofd .
" Ina previous investigation, we carried out this’
program for the raw data, obtaining estimates of
the dimension d of the attractor for various choices
of the embedding dimension m. There are several
technical difficuities with the procedure, mostly

" having to do with the fact that an N of 2707 is

actually a very small sample for these techniques.
Another difficulty arose because the data them-
selves are small integers. We used the / o defini-
tion of the distance between two m-tuples, namely
the absolute value of the greatest difference be-
tween corresponding elements of the two. Since the
data are small, the greatest distance bétween any
two m-tuples comes out to be 31, so that the

distance r only ranges from 1 to 31, a range of lé

decades. As a result, the correlation plot was well

- approximated by a straight line over less than a

decade of r. In order to increase the range of r, we

used data for consecutive three-day periods in-

stead of data for consecutive days. This increases

the size of the data and hence the range of possible

r values, at the cost of decreasing the size Nof the

data set ; the choice of three-day-intervals, rather
than, e.g., four-or two-day intervals, represents a

compromise.

Until we have actually identified whlch part of
the time series is random, it is clearly 1mp0331ble to
subtract off the random component and isblate the
deterministic, chaotic part. What we can do, how-
ever, is to add random noise to the duita. By adding

 successively larger random components to the

data, we obtain new time series with larger random -

.components than the qriginal data. We then ana-

lyze these new time series to determine the effect of

_the ‘added noise.on the estimates of the fractal
dimensioin of the attractor. '

" We have repeated our calculations applying
the Grassbergef-Procaccid algorithm to "spoiled™
data sets obtained by adding varying amounts of
random noise to the original data set. The random

. noise is obtained by generating a sgt of indepen-

dent, gaussian distributed random numbers with
mean zero and standard deviatiion equal to some -
prescribed - multiple of the standard deviation of
the original data, which is 10.26. For each spoiled .
data.set we apply thq correlation algorithm to

estimate the apparent dimension of the attractor.
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~

Figure 1. Plots od the estimated of the attractor dimen-
sion vs. strength of added noise for network data con- -

taminated with Gaussian random noise. Plots are given
for embedding dimensions m running from 4 through 8.

The curves appear to intersect at a noise strength of :0.2 -

to -0.3 sigma, where sigma is the standard deviation of
the original dataset. ' :

3. Results

The graph of successive addltlons ofnoise versus
changcs in the calculated dunenann of the attractor
(d) can.be seen in Figure 1. As noted earlier, the
dimensions were calculated after adding sucesively

larger amourits of noise, represented in the graph.as -

fractions of' the standard deviation of the original data
(sigma). The dimension of theattractor can be seen to
increase significantly for the first 0.2 sigmas of noise
and flatten out and appproach m for large (> 1.0
sigma) valugs of noise. '

Extrapolatmg backwards fromthe contaminated:

data (the equivalent of subtracting the noise), the .

curves intersect at a point in the range of -2 to - 3
sigma. A variation of .| sigma is probably the most
accurate estimate of the amount of noise we can
achieve using the graph tecthuc The curves become

e\'trunely steep (probabl\ vertical) prior tointersect-.

ing, and it is generally difficult to get more accurate
: estlmates from correlution plots
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What the results indicate, however. is that
from twenty to thirty percent of the variation in the
data is the result of noise. Conversely, seventy to
eighty percent of-the variation in the data can be *
accounted for by deterministic chaos. Even allow-
ing for the higher estimate of noise, this indicates
a strong deterministic signal. The strength of the
signal is probably stronger than the experimental
results exhibit since it is reasonable to assume that -
the time series data already contamed some noise
prior to "contamination".

4, Conclusion

* Using determunistic chaos as a techique for de-
scribing time series data generated by CMC requires
that a variety of concerns about chaos be addressed.
These are the appropriateness of the technique for
investigating hiiman communication. the amount of
variance the technique can- account for. and the
predictive power: of deterministic chaos, Prior re-
search by the authors has addressed the appropriate-
ness of using chaos for investigating human commu--
nication; determining the variance accounted for is

- the aim of the current research.

‘The results indicate that a large part of the
variance in CMC time series data may be described
by a deterministic chaos mechanism. In particular.
the relative-importance of the deterministic signal is
significantly higher than that of the noise component
of the signal. It may still be problematic to use
deterministic chaos for predicting the behavior_'of
CMC systems, given the difficulty of extracting
deterministic mechanisms from a time series. How-

ever, to the extent that the data are random. thereis no
predictive power. To the. extent that data may be
described as chaotic, there ts an underlying order
which has the possibility of being exploited.

The predictive power of systems which behave -
chaotically is_generally limited to short periods.
Beyond relatively short time horizons (e.g.. 3-7
days for weather systems) the system becomes so
dependent on the cumulative effects of small dif--
ferences in its initial conditions that prediction
becomes impractical. However. for many systems
there is value in being able to predict behavior for
comparatively short times. In the case of CMC.
even several days of predictive power has utility in
areas such as allocating bandwidth capacity for
communication nctworks. '
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Current research in the field of deterministic

chaos indicates that it may be possible to estimate
deterministic mechanisms from time series data,

thus making prediction possible for systems that

I
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Detecting the Formation Orbit of Virtual
Subject Knowledge Images

Bor-sheng Tsai
Library and Information Science Program, Wayne State Umvcrsrty
106 Kiresge Library, Detroit. Michigan 482027 USA.

In a daily information professional's service activities, something is commonly and constantly
encountered : what is pondered in a researcher's mind may not be always easily matched with*
what is recorded in virtual files. There always abides certain discrepancies or distances between
the mostly predetermined mind-sets and usually stochastic record-sets. These discrepancies or
distances urgently need to be efficiently and effectively balanced. Our two major foci, therefore,
must be concentrated on the "mind-set’” and the "record-set". To achieve this objective, a
conceptual modcl for detecting the scholarly communications within a particular subject
_knowledge field was designed. The result of this detection reveals the formation of the orbit that
regulates the virtual image projected. by this special subject knowledge field. The significance
of this approach is to aid subject information system analysts, designers, and managers : 1) see
the relative distance between the two sets of models, namely, the conceptual model and the data
model; 2) relocate optimal paths and layers for subject information researchers to reach their
targets; 3) reconstruct a subject mfosphele and 9) study the ecological progression / regression -

of this subject mfosphele

1. Introduction

Instantaneously locating a path to an intelli-
gence zone where problems will be resolved and
questions answered has been the major endeavor of
information scientists in mult1-d1s01plmes One of
the keys in finding the path is to understand the
organization of the memory of a particular subject
knowledge field. Thiskey is in developing a knowl-
- edge road map which is the atlas of khowledge
reality that can help navigate the information
researchers whileexploring a virfual subject knowl-
edge space '

L 1 Conceptual Termmologzes

The delineation of the following concept clus-
ters'is helpful in building a hypothetical model for
" this study. The conceptual model of instruction

"photon" movement prepares a foundation for
exploring and deploying animation-supportéd sub-
ject knowledge constellations. It links the Citation
Analysis and Epidemic Model together and allows
the detection of a special . scientific communica-
tion network through a long term observation.

JISSI & 1(3-4) ,Sep'tember - December, 1995 °

1.1.1 . Instruction "Photon”” Movement : Light

Source / Spectrum / Polarization '
_This is the act / practice of directing / giving

orders by way of the quantum of electro-magnetic

- energy to achieve a specific goal with strategic

objectives or tactical maneuvers [1]. Such a prac-
tice will result in the display of a seri¢s of auto-
matic insturctions, which can be broadly / nar-
rowly. redistributed / polarized (according to the
frequencies of request / demand within the span of
the subject.knowledge field ) through- parallel
processing, via multiple intermediaries / channels
/ media, or from mirror imaginary quadrants /
coordmates

1.1.2._ Intelligehce Zone : Object - Frame Fo-
cus -~ Loci '

A set of specially pre-organized local focal
points (local fo€i, or 'simply loci) which permit
users to conduct post-coordination at will. Such
loci sets could include text strings, pixels. high-
lighted - keywords, field names, matrix cells.
hypertext tilde (~) connections, mathematical for-

SR o LY
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mulas, IF-THEN / DO-WHILE rules, animation
frameworks, video slides, film strips, bitmap draw-
ings, musical codes, virtual objects / files, voice /
e-mail message segments, Internet telepaths, etc.
These loci should sufficiently reflect the magnetic
points of the centrality and locality of a particular
subject domain. The conditions of centrality and
‘locality will be the attributes that help coordinate
the retrieval functions as well as measure the
effectiveness of the operatlons conducted within
the mfosphere (See also Section 1.1.7.)

1.1.3. Inﬁ) / Geo—metrzcal Optics : Filter /
ReferenceAngle / Convergence / Dzvergence

v This is an information study work which ap-

plies geometrical optics (reflection and refraction)
to detect the incoming parallel information sources,
and the reference angles for discriminating and

redistributing source information to the target_

destmatlon

1.1.4.: Image Casting : Pr0]ectzon / Mirror Re-
flection / Blockmg / Shadowing

The mirror image is a sketch / duplicate or
direct reflection / indirect refraction of the original

information source. By passing instruction 'pho-

tons' through a proper filtering device (which must
always be controlled within a certain scanning /
reference angle for loci), certain-components of the
original flavor / projection are filtered, blocked or

removed  with the application of virtual (not

substantial) borrowing /. combing / mirroring /
migrating (or mutating / distorting) processes. The
shadow of the mirror image is thus formed.

LIS Subject-object Information( Coordination:
Cut, Bond (intersect / overlap / paste), and Re-
union B

; Lociare identiﬁedas-the middle agents which
can bond together desired instruction sources
(released and projected from the information ob-
jects)and conceptimages (filtered and reappeared

~on the subject knowledge screen) sufh that they
may be optimally matched in greatest proportion.

1.1.6. Informappmg Anzmanon-supportedéub-v
Jject Knowledge Constellations

By applying mfomappmg metrics and ani-
~- . mated cartooning techniques, the image of a par-
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'1.1.7.  Infosphere :

ticular subject. knowledge related scholarly com-

" munication network can be captured and repre-
. sented in map forms and in time series for continu-

ous scrutiny by subject researchers.

Virtual Sub]ect Knowledge
Image / Field / Space :

~The Infosphere is a mirror reflection of sub-
_]CCt object coordinated knowledge domain which
is composed of influential information forces and
potential drives. These forces and drives are con-

stantly moulding a series of maps regarding schol- .

arly communication and directing the interactions
among human; machine, system, organization,

"and environment where Aalues are defined by a
~ scholarly or - professional- community or group

with a special interest in mind. The properties,
structures and relationships of the components
within this infosphere can be studied by way of
identification of loci, application of linear
regresssion, ‘measurement of reference angles
mapping of virtual subject knowledge images in

. layers, and detection of information orbit forma-
tion. (See also Sectzon 1.1.2)

2. Hypofhetlcal Models

v A great portion of this report is devoted to the
techniques in constructing an animation-supported
subject lqlowl'edge constellation which is the base
for the detection of instruction photon- movement
(its convergence, intelligence, and divergence).
Through periodical review on the transformation

- of constellations, and with threshold control for '
_' ﬁltermg or focusing elements in constellatlons
‘major constituents can bé identified. These ldentl—
fied constituents make possible the determination

of a group of loci. The continuity of the virtual -
subject: knowledge images in animation series and

- the frequency of co-occurrence of loci enable the

finding of an intelligence circuitry to_define the

. " boundary of image projectiori, These ﬁndmgs serve
as bases for detecting the orbit formation of Sub_] ect
knowledge i images.

In order to detect the orbit formation of these’
subject knowledge images, devcloped is a set of
mathematical models, which are derived from

-geometrical .optics and the ellipse, and are linked to
the Epidemic Model. It helps detect the behavioral
. patterns of instruction photon movement, and even-
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tually determines- the relative "infosphere" of the
investigated virtual subject knowledge image,

- namely, a mirror reflection of subject-object coor-

dinated knowledge domain. The closing of dis-
tances between loci in an elliptical orbit reduces its
eccentricity and thereby induces the possibility of
forming near-circular orbits due to the concentra-

tion of foci. These hypothetical models are detalled :

m the following sections.

2.1 Epidemic Model (for dzverszty measure-

° ment)-

Goffman's Epidemjc_Model can be generally
describedas: 1)dY/dt=-B* X * Y + M, and 2)
dX/dt=B *X * Y --R * X, where X denotes the

. number of connected elements (infectives), and Y

denotes the number of disconnected elements
(susceptibles) of total population N at an arbitrary
threshold T: "dt" denotes the time interval, B is the
rate of effective contact (connection/ infection ). R

is the rate of removal of elements from N. M is the -

rate of influx of new elements into N. For an
epidemic to oceur, as Goffiman mdlcates it is
necessary that dX / dt > 0, that is, that the rate of
change of infectives with respect to time be posi-
tive. Whence, Y > (R / B) = P. constitutes a
threshold condition, that is, for an epidemic out-
break to take place at time t, the susceptible
population Y must exceed the threshold P att". As
the epldemlc reached its highest peak, " the number

object dlstance

of susceptibles remaining in the population N
when the epidemic has spent itself is premsely at
the threshold (P)." [2]

> 2.2.Infor / Geo-metrical Optics (for identifying

Sfocus, object and image)

Borrowing the laws of reflection and refrac-
tion from geometrical optics, information process-
ing gains insight for better understanding and
henceforth controlling image processing. For ex- .
ample, Ruelle's study points out that our visual
system constantly performs visual data compres-
sion and processing beginning at the level of the
retina and ending at the visual cortex with inter-
preted images as inside information representation
of outside physical reality[3]. In a recent research,
C.T. Liu has cited Chinese optics to support his

~ explanation on shadow formation [4]. Graiam

and Sivin also focus their works on the ancient
Chinese Mohist optics, and summarize eight opti-

- cal propositions for image formation [5]. By ap-

plying optical image processing, a harmonic wave
suchasY * cost(see Section 2. 3 : Elliptical Model).
could be identified. This type of coherent wave
(instruction photon movement) "contains both phase
and amplitude information"[6]. As is commonly
‘understood, an image can be located by controlling
the relationships among light source, object, pro-
jector, lens, focus, image, and scréen. The relatlon-
ShlpS are illlustrated in Flgure 1. :
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. convex N
S = size lens.

C = centre
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Figure 1. Application of infor / geo-metrical optics

'NSSI ¢ 1(3-4) September - December.. 1995 -

249



TSAI

The relationships can be represented by the

following formulas :
1) I/f—l/d+l/d
where  d is the ob]ect drstance
d is the image distance, and
f is the focal length.
("/" means "divided by".)
Note : The above equation may be transformed into: f (d,
*d)/(d, + d).

2) sI I's,= d id,
where s, is the nnage size,
s, is the object size,
d; is the image distance, and -
d is the object distance.’
(“/" means "divided by".)

3) i=r
(when REFLECTION is applied, similar to the state of
equilibrium in the Epidemic Model : BXY=RX,
which implies Y=R/B = P), where i denotes the
measure-ment of incidence angle. and r denotes
- the measurement of reflection angle.

4) "P=R/B :
(when REFRACTION is mtegrated with ‘the Epidemic
-Model : BXY - = RX, which implies Y is == but
» P). where B denotes the rate of acceleration
of instruction, R denotes the rate of deceleration
* of instruction, P is the index (threshold ratro) of
- retractron

("/" means "divid_ed by". and "= P means “not equal to".)
Note : Sec Section 2.1. Epidemic Model on. P =R / B.

2.3. Elliptical Model (for bi-focal approach)

By tracing all.the points of an object that -

passed along an elliptical orbit, a constant can be
found. This constant is a given distance which is
the sum of each point's distances to two foci
located on a directed axis within the orbit. To show
this elliptical orbit, the graph is rllustrated as.
follows.

The ellipse is represented mathematically as.

. (X2/a%)+ (Y?/b% =1, where b>=a?- ¢?, with the

two foci F (c,0) and F’ (~c,0), and the constant N
(=2*a) as the sum of the focal radii. ("/" means
"divided by," and "*" means "multiplied by".) This
equation can reinterpret the mathematical repre-
sentation in the Epidemic Model dX/dt=B* X *
Y -- R * X. That is, that dX / dt'is similar to FA,
OA (=BF)is similarto B* X * Y, arid OF is similar
to R * X. Moreover, OA = BF, FA = OA -- OF =
(AA'-FF)/2,0A=AA'/2=0F+FA.BF=SQR
(OF*+ OB*) = SQR (OA?) =0A =AA'/ 2 and,
OF = FF'/ 2. Therefore, FA = OA (or BF) - OF.
FA =(AA'-FF")/ 2. This is very similar to (N - P)
/2 in the stage when dX / dt (similarto FA) is very )
close to zero (most diversified and out of focus),

given that N =X + Y, and Y is very close to

threshold value P (=R / B) (See Section 2./ Epi-

demic Model ). Besides, the eccentricity may equate

FF'/AA'=OF/OA= OF/BF RX/BXY =R

/ BY = cosT, which implies that P R/B=Y*

cosT, where T is the degree measurement of the
angle formed. ("SQR" means "“squared root.")

" This Elliptical Model is further detailed in the next

Section 2.4. (Infospherics). _

" Figure 2 : Elliptical orbit
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2. 4 Infospherics :Recombination of Info/Geo-

metrical Optics, Elliptical Model, and Epi-
demic Model (for building multiple virtual
subject knowledge shells)

As defined in section 1./.7., the "infosphere"

- concept and techmque are developed to, support
~ subject researchers with a mirror . reflection of
subject-object coordinated knowledge image. Since
the traditional subject-oriented approach is to deal
with attributes of the object, it becomes more
characterrstrc and time dependent In the mean
time, the current object-orrented approach is to
_meet the needs for efficient’ interoperation among
multr-access points. Therefore the organizationaf
these objects must be more purpose / condition

1independent. The vague line between subject and -

object-oriented approaches has twisted many re-
searchers' mind-sets who are basically subject-
‘oriented when seeklng subject-related objects. These

objects are, at the present moment, mostly oriented

by subject headings to reflect / refract their con-
. tents. In deprctmg the spatral logic and -object
' representatron / mappmg, Jeansoulin indicates that

for gathering natural spatlal objects, the contents
define (or reﬂect) the container (or boundary), -

while in the collectlon of cultural spatral objects

the contents are - gathered within an artificial con-
tainer [7]. Henceforth the 1deal automatic instruc-
tion process ‘must prov1de an automatrc clustenng
capability that enables any subject researcher to
manipulate the interested source instructions (sub-
ject_contents) at his / her owm will and pace.

However, the process still has to be conducted-

within the subject knowledge: boundary. For these

reasons, the preparation for easy access and iden- -
tification and relocation of the desired loci are the o
Neverthe- * .

most difficult and challengmg tasks.
less, through the integration of the above three

models, and with the help from citation data collec- .
tion and analysis, it is’possiblé to reconstruct an .

infosphere by rdentrfymg loci, traging regressive
lines, measuring reference angles, mapping virtual
subject knowledge images in parallel, or in layers
“and detecting the property, structure, and fre-

quency of communication behavrors whrch regu-

late the infospherical orbits. .

Three states, which the formation of the sub-
Ject infosphere may go through are :..}) Definite
State 2) Orbital State, and 3) Circular State.

HSSI . 3 September - December 1995

Similar stages were illlustrated by Prigogine and
Stengers[8]. They are elaborated as follows.

2.4.1. Definite (reflective / refractive ) State :
Linearization / Simplification

As was known, the shortest (original) distance
(effort / force) between two focal points A and A'
is a tight straight line segment AA'. The Definite
State represents this situation. There is no room (or
no need/ use of effort/ force) for further stretching.
The components (or’ traffics) in this communica-

. tion channel are within this strarght line. This state

usuaﬂy occurs in the very primitive phase of a
developing system. - : :
2.4.2.  Orbital (Ellip’ticdl) State : polarization -
diversification _

As time goes by, when the two focal points are
brought closer (co-excited) toeach other by a third

- influential point, given that the original maximal
distance (2*a) has Temained constant, the space
“which atlows for communication may be stretched

outward. This third point, which is directed by the

original force, may be located outside the orrgmal
line segment‘AA’. The continued maximal stretch _
-of the controlled points will reach their "sphere" of

influence: An infosphere is thus first formed in an
elliptical'shape. (See prev10us Frgure 2 and Figure

"~ 3:below). -

Figure 3 i Semi-eHiptical orbit
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2.4.3. Circular (infospherical): State.
Globalization / Unification -

Flgure 4 Near—clrcular orblt -

As the two focal pomts (F and F') are gettmg
"closer and closer, they eventually overlap into one
single point O. The ellipse is thus transforméd into -

~acircle. At thismoment in tune OF=0F'=0, that

is, FE'=0, and FA=0A=FB= OB There is no
further need for any kind -of discrimination. and

_focus any more: As the process progresses, OF<

(OA/2), that is, FF'< (AA'/2), the foci (Fand F').
are departing from each other and-away from, the

" Author Accession Mumber

original (once uniquely overlapped focal) point O.
The élliptical shape has resumed. IfOF =FA=0A
12, thatis, FF' = AA!/ 2, the foci must be the mid-
pointsof OA and OA', respectively (See Figure 4).
As time continues, OF > (OA'/ 2), that is, FF' >
(AA'/2), the foci are closer to the points A and A',
and farther away from the original point O. At the
time when OF = OA, that is, FF' = AA". and; F and
A, and F'.and A’ are respectlvely overlapped to
form segment AA', the foci may reach theirfarthest
limitation. The ellipse is finally flattened down and’
retumed to a line segment. The Definite State has
come back tostage. again. The states may goon and
onand the information eycle toward re-discrimina-
tion and re-harmonization. eontinues -

3. I Cltatlon-based and Cartoon-supporte(l Info—'
-Mappmg T echmque o

By applymg c1tatlon analysrs and through a
long .period .of observatlon -a set of loci (nmety~
nine synthetic information elements -authors) dwell-
ing in a particular -subject knowledge domain
(Nutrltron and Dietetics) may be identified[9].
These loci were then. plotted on the Machine-
Readable Mapping Format (MARM) based on the

‘information’ mapping. technique developed by the:

author, and its elghtkey mapping components
include : scale, loci, bondage, direction, frequency.
relatlve distance, boundary, ‘and. threshold (bee
Flgure 5) [l()]

Indicntor for -

(Fixed Loci) llllllll Skeleton 80 colim ‘“‘{"
39999* 065 16 15 29 25 30 3 4045 0% Gll 6 78 75 g o - -
.lW pea L MRS L ww & et omea S S ez | 10
200 loax---!.mm—’.m—vm—.m L -!.amsu.» 20
300 exsun 4 e S ot & g L oo % oone 4 oo 4 oo+ 30
400 “pav -.wus -.lum. wmm—'.mu Lum Sae L 40
500wl & e -.crmm-—.urm & oo L oo, e L wensmn: 50
600 -emrey & pure S woot L pmnad e L S e Sabs 40
700 me Lposor Lpw Gur Sm Loume S bumes o 90
500 tomem L, et Lo - Spome Lmewm L Sww SEam - §)
900 moe Lrean Lowmws S owen L paoe L rear S neswsh ram Q)
1000 woms LHve Lo & avws L owow Lo Swsm Lsow 10
1100 om0 &5 swen L mowad, s b s L soms & s S we: . {10,
1200, voreson &, Rim) L wea £ womh < wimu y s ey WM 139
‘}400 - 140
60 . $He -
1600 (0
. | 90 40 80 120 160 290 240 280 320 369 400 440 400 520 360 609 X

Figure § 2 D machine readable mappmg l‘ramework
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As DfeWery referred, animation might beused to

assist adaptive motion which could occur" when the
coritrol processor uses information about the objects

and their environment to control the objects' move- -

ments, " and "attributes of the objects can be updated
and e\ammed" to enhance adaptlve motion[1 1. The
"animating space" concept may be injected here,
whxch is "the process of panning and zooming around
andi mto a large two-dimensional static lmage" before
we can look at a dynanuc map[lZ]
application of animated cartoons, the above mapping

framework can be transformed. into. an animated
format. (See Figure 6). The original machine read-

able information mapping technique is thus advanced
to dynamic object-oriented presentation of maps in
.continuing series of frames that indicate periodical

movements .of those focused elements in a special

subject field. "The adoption of ananimation to
navigaiton map-making is an innovative approach,
which speeds up ‘the process of drawing design,
deposit of name string patterns, line connections,
~ arrow directions, etc. The most efficientand effective

contribution of an animation programming isthe map .

continuurn shown in chronologlcal or topologlcal
order"[13].

- YEAR =
Ta1
Al 84 F1 H1
‘A2 c2 F2 H2
c3 - F3 H3
ce Hs
B [ =1 = . HS
B2 cé ar - Hé
B3 Ccy ‘G2 H?
B4 -G8 .G3 H8
B6 - 03] G4
B6 GY
B7 : B 4
B8 m &7
BS D2 G8
BIO . D [4]
Bl ‘D% K2
BR2 - DS . K3
BI3 DS K4
D7 B K%

With the

3.2. Detecting the Orbit of Infosphere

A detection of the orbit formation of a particu-
lar subject infosphere must start from its early
stages of development and follow up and focus on
its periodical cycle thereafter. To conduct periodi-
cal observation and review, the hypothetical mod-
els in Section 2 are applied. The result is a collec-
tion of maps, which is the main source of clues for
analyzing the behavioral and structural rélation-
ships among scholarly communications. and ‘for

- drawing various layers of configurations, which
© may'start fromthe very inner core elefents to the

outward boundary elements. Logistically. the de-
tection of the orbit formation of the infosphere may
follow the five Formation Periods : 1) Pre-forma-
tion, 2)In-Formation, 3) Trans-Formation, 4) Uni--
Formatlon and 5) Re-/ Con- / De- -Formation{ 14].

Thesefive periods are similar to the "abstract place
called 'phase space'"" where the "attractors” dwell.
To understand this space requires a map|15]. The
following series of graphs may show the periodical

- transformation of the involved loci. (See Figure 7.

- and refer'to section'2.4. : Infospherics)
Li o1 st vl
L2 0z 82 - w2 -
L3 83 v3
Ls : 54
- Pl 85 -
T P2 58 vl
M P3 . .87 W2
‘M2 P4 88 w3
M3 PS5 w4
M4 : V5

T . W6

Al T2 ‘
Nt A2 T3 R
N2 A3 Y1

At .

RS .

Ac

At

Flgure 6 : Animation-based mappmg framework ’

. Ll ar Stage
(Pre-formahon)

Tangent Stage
: (ln—forrnatlon)

Cresent Stage

Ov0|d Stage
(T rans-forrnatlon) :

Fult moon stage
{Uni-formation)

Figure 7 : Scries of periodical transfonnatmn of Ioc| ’
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Table G. General data*

Year DER PAP - Cd Cg mCd& CA AU Cd (,g Cd& IL Cd Cg Cd&
T ‘ - PAP- PAP CgPAP Al AU CgAU L L cgh
1964 8 1 8 12 .9 3 3 5 6 10 1 3 4 7
1965 13 2 10 21 12 8 8 5. 13 17 2 3 10 12
1966 11 2 8 17 8 4 4 4 11 15 2 4 8§ 12
1967 17 2 511 6, 7 7 2 11 13 2 4 10 14
1968 10 ‘1 7 16 7 3 35 14 9. 1 4 137 16
o969 0 59 -5 15 37 . 4. 11 I1: - 8- 25 33 5 7. .23 27
1970 56 10 (15 39 .19 . 23 26 9 24 3.1'-= 7 - 21 27
1971 99 21 32 (147 41 43 56 - 16 45 56 16 17 28 3
1972 115 28 39 102 - 48 58 6l 23 48 66 21 23 39 .50
1973 161 37 56 162 .74 .92 99 37 71 103 26 - 30 56 68
1974 160 37 62 183 73 91 97 39 108 - - 138 27 30 75 87
1975 166 51 105 . 347 - 100 108 72 123+ 193 27 51 83 110
1976 169 64 100 287 . - 136 155 .72 153 211 37 . 42 9  Uae
DER = Descriptors.” " PAP = Papers. - Cd = Cited, Cg = Citing.
“In = Insid'c**. a “CA = Coauthors. AU = Authors. ~° JL = Journils.
¥ Dam c,ollc:cted from the Q(,I® o ) .
' Insldc" rcfcrs to lhosc papcrs authors or joumals whlch appeared in ﬂlc orlgmal databasc B
Table 1 : Dynamics of authors
Year N X Y dX BXY RX B "R P H
- 1964 - B - - - - -
1965 - 8 -0 5 5 0 - 0000 - -
1966 8 4 4 A < i -5 3083 6250 2 2.9864
1967 8 B S T 7 4 4063 10000 2 2.7694
1968 8 -3 .5 .4 3 7 4405 1.0000 2 2.8649
1969 8 11 24 -8 .8 U .5595 0000 Y 4.0000
1970 35 © - 26 50 15 22 8 0833 7273, 9 13.1345
1971 76 -56 46 30 40 19 0308 . 7308 24 26.1364 -
1972 102 6l - 5 52 - 50 0203 7 8929 44 29.0074
1973 - 99 78 38 75 43 - 049 0 - -
1974 177 97 12 -2 82 87 0106 . 8788 83 470472 -
1975 109 108 - RE 96 90 0807 .- 9278 . 1l 48.7517
1976 - 155 - " 47 122 89 - 824%. - - -

estimated fotal population

the number of connected elements (infectives)

the number of disconnected elements (susceptibles)

the rate of change of infectives: (connected elements)

the numbet of incoming: members ‘

the number of outgoing members

the rate of effective cortact (connection / infection)

the rate of removat of clements from N

the changing threshold condition balanced by the rate R to thc ratc B (P = R/B)

the axis of symmetry of the represented parabolic curve from the Epidemic Model
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4. Results e coe
4.1. Measurement of Diversity Effects
As Table | (dynamics of authors) shows, that

several consecutive years observed demonstrated”

similar amount of dynamics. These years were

clustered to represent the.authors' collective con-
tributions in four progressive periods:: 1).1964-69::

2) 1970-73; 3) 1974-75; and 4) after 1976. More
evidences from the periodical reviews (provided in
the next few sections) support this categorization.

YEAR* 1969

T>1

82

83

' YEAR-|370
T>1 o

NP4 sew .
wqJ -

67"///

"YEAR=1971
T>1

4.2. Identification of Objects; Foci-and Imuges

The following map series show that the au--
thots in a particiilar disciplifi¢ ititercommunicate
among themselves ih a persistent way. To conduct
a better observation on this phenomenon. we need’
to apply animatiori techniques: The results are
shown in the followmg map sefies.”

By animating these maps in chronologlcal
and / or topologlcal sequerices, those who / which’
had passed the pre-set filter and had shown their

YEAR=1972
=

YEAR= 1973

T>1 L
N

S o5

X‘f*u»

B

YEAR=1974 .
T>1 .

Map: Movement of synthetic information e'ements (Authors)

' JISSI ¢ “1(3-4) September. - December, 1995
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frequerit co-occurrence’in clusters, may be identi--
fied as : 1) the main objects (e.g.. published
documents) for "quasi object distance measure-
ment" d_ (e.g.. cited documents). 2) the main foei
f (e.g.. cited authors ); and 3).the main images
(e.g.. contributed authors ) for "quasi image dis-
tance measurement” d (e.g.. citing authors or
citing documents ). As for the measurement of the
quasi sizes of objects s, and imagesss,, , they may be
respectlvely represented by the number of docu-

ments published annually. and the number of
authors who contributed these documents annu-
ally. Theconfigurations, which help the measure-
ment and determination of quasi distances and

: -

sizes of objects and i 1magt,s were the ingredients
for testing the following formulas.

By plottmg the data collected from the analv-

- ses of maps, the formulas :'1/f=1 /d +1/d,and

s;/s =d/d werctested mdrvrduall\ Both wsults
were shown in Table 2. As for d there were two

. sets of data used to reﬂect the numbor of crtm«r

authors or the number of citing docurmnts As the
results showed, both sets correspondcd w oll w 1th
the formula tested. o
Based on the above e\pcrlments WC may Ic-
interpret the above formulas as :-1) 1 / the total
number of annual cited authors ~ -/ the total
number of annual cited documents + 1 / the total

Table 2 :

Infor. / geo-metric optical procéss using citation data
Year 1/f = l/do l/dl o Sl / 50 ‘-E;-?-‘: 'a';.- -' T :d;:i.‘:-;-“."-i: Doer b
1964 1/5 1/8 1/6 (or 1/12) 3 1 12 18
1965 1/5 1/10 1/13 (or 1721) 8 -2 21 10
1966 1/4 1/8 111 (or V/17) 4 2 17 8
1967 - 1/2 /5 1/11 (or I/11) 7 2 11 5
1968 1/5 1/7 1/14 (or 1/16) 3 1 16 7
1969 1/8 /15 1/25 for 137) 11 5 37 15
1970 1/9 1/15 124~ (or 1/39) 26 10 39 15
1971 :1/16. 1/32 1/45 - (or 1/114) 56 21 114 32
1972 1723 1739 1/48 (or 1/102) 6l 28 102 39
1973 1/37 1/56 171 (or 1/162) 99 37 162 56
1974 - 1/39 1/62 1/108 (or 1/183) 97 37 183 62
1975 172 1/105° . 1/123 (or 1/317) 108 si 317 105
1976, 172 1/100- 1/153  (or 1/287) 155 64 287 100

‘The above data,can be translated into the following;

Year l/f" = l/dq + Vd sl_/ s, = d_l/do
1964 .2000 2917 (or 2083) 3.0000 - 1.5000
1965 .2000 1769 " (or .1476) 4.0000 2.1000
1966 .2500- 2159 (or ..1838) 2.0000 2.1250
1967 :5000 2909 (or-.2909) 3.5000 2.2000
1968 2000 . 2143 (or 2054), 3.0000 2.2857
1969 1250 1067 (or .0937)- ©2.2000 24667
1970 111 .1084 (or .0923) 2.6000 2.6000
1971 .0625 0535 (or .0401) 2.6667 3.5625
1972 .0435 0465 (or .0354) 21786 2.6154
1973 .0270. 0319 (or .0241) 2.6757 2.8929
1974 L0256 .0254 (or .0216) 2.6216 2.9516
1975 0139 0176 « (or .0127) 2.1176 3.0190
1976 0165 (or 0135) 24219 2.8700

0139
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number of annual citing authors (or 1 / the total
number of annual citing documents); and, 2) the
ratio of the total number of annual contributed
authors to -the total number of annual published
documents is close to the ratio of the total number
of annual citing documents to the total number of
-annual cited documents (Note : "/" means "divided

by," and "1/" means " the reciprocal of"). Since the -

above equation 1 / f ~ 1 /d + 1/ d may be
transformed into : f ~ (d, * d) / (d, + d), its
interpretation above may be rephrased as : "the
total number of annual cited authors » [ (the total
number of annual cited documents * the total
number of annual citing authors (or the total
number of annual citing documents)] / [the total

number of annual cited documents + the total
number of annual citing authors (or the total
number of annual citing documents)].

o

4.3. Bi:focal Approach
From Table 1 (Dynamics of authors). four
growth patterns were distinguished. F urther clues
sought and gathered were : dynamics of journals.
descriptors, and inside authors or inside journals
citation networks. ("Inside" marks members of the
citation networks focused on : citing authors or
citing journals appeared in the original database,
the authors-citing-authors or journals-citing-jour-
nals) [See Table 3, 4,5 and 6]. These clues indicate
similar growth patterns which led to an establish- -

. Table 3.: Dynamics. of journals

Year N X Y dX BXY RX B R P q
1964 - 1 - - - . . - - -

1965 - 2 1 ) 1 - 1.0000 - -
1966 2 2 0 1 1 1.5000 .5000 0 8333
1967 - 2 - 0 2 2 - 1.0000 - - '
1968 - | ] -1 1 2 . 1.0000 - -
1969 2 5. 1. 4 5 1 4.5000 - 1.0000 0 8889
1976 6 7 - 2 6 4 9500 8000 1 2.5789
1971 - 16 8 9 15 6 - 8571 - -

1972 24 21 21 5 16 11 1270 6875 5 9.2933
1973 42 26 95 5 17 12 0381 5714 15 13.5013
1974 121 27 . 1 20 19 - 0081 7308 90 15.3889
1975 . 27 . 0 21 21 - 7778 - - '
1976 - 37 . 10 26 16 - 5926 - -

Table 4 : Dynamics of descriptors

_ Year N X Y dX  BXY RX B R P H
1964 - 8 - - - - - - -
1965 - 13 4 5 8 3 - 3750 - -
1966 17 .11 3 2 6 8 1077 6154 6 564
1967 14, 17 4 6 14 8 4056 7273 2 6.10
1968 21 10 8 7 9 16 1239 9412 8 6.70
1969 18 .59 7 49 52 3 6672 3000 0.. 878
1970 66 56 6 -3 38~ 41 .0930 6949 7 2926
1971 62 99 58 43 69 26 1960 14643 2 29.82
1972 157 s . - 16 70 54 0122 5455 45 56.14 '
1973 . - 161 77 46 82 36 - ‘3130 - -
1974 238 160 22 -1 72 73 0058 4534 78 79.91
1975 182 166 - 6 75 69 0215 4313 20 80.97
1976 169 - 3 < .79 76 - 4578 -

JISSI #. 1(3-4) September - December. 1995
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Table § : Dynaics of inside authors *

x|
=

Year N dx BXY  RX B . R P H
1964 . - 2 " - - - - - R
1965 . - 2 - 0 1 1 - .5000- S -
1966. -0 - 2 0 2 - 10000 - -
1967 - 1 - 1 1 0 - _— ST
1968 - 3 - 2 3 1 - 1.0000 - -
1969 7 "6 4 3 -6 3 5000 1.0000. 2 2.5000
1970 39 . 1 33 5 11 6 0556, -1.0000 - 18  :10.5072
1971 . 17 15 - 6 4 11 7 1667 6364 4 6.5192
1972 - 22 - 7 i6 9 -0167 6000 - - -0
1973 127 28 - 105 6 22 16 0095 7273077 25.2211
1974 50 26 ¢ 22 2 22 24 0357 - 8571 - 24" 129958
1975 33 32 7 6 29 23 . 1648 .. 8846 -5 _138I6lL
16 7188 - - s -

1976 - 48

.39 '

23 . -0172 .

* ‘Citing authors appeared in the original database and the authors-citing-authors-network.

Table 6 : Dyﬂanﬁés Qf inside journals *

Year N X Y dX BXY RX . B . R P H
1964 - 1 - - - - - - - N
1965 - 5 - 4 4 0 - .0000 - - -
1966 5 3 0 2 1 3 9500 6000 1 2.1842
1967 6 5 3 2 2 0 2333 0000 0 3.0000
1968 23 5 18 0 3 3 0333 6000 18 2.4910
1969 - 13 - 8 1 3 - 6000 - -
1970 16 1 3 2 7 9 2077 6923 3 6.3334.
1971 - 16 16 5 5 io 5 A153° 4545 2 6.7736
1972 - 26 - 7 19 9 -.0557 5625 - - -
1973 32 31 6 5 12 7 0726 2692 4 14.1468
1974 - 37 - 6 17 11 . -.0174 3548 - -
1975 68 36 31 -1 17 18 0148 4865 33 - 175642
7 10 0126 22 25.6484

1976 73 43 37

2778

* Citing journals appeared in‘_the original database and the journals-citing-journals-network.

meit of four chronological dissections. These dis-
sections are the bases for the configuration of

Stage- -Period Table of Synthetic Information Ele~
ments (Authors)

4.4. Reconstruction of Muluple Virtual Subject
- Knowledge Shells

The continuous detection on the formation

process of this subject knowledge field from mul-

. tiple ‘aspects such as authors journals, descrip-

tors, authors or journals c1tatlon networks, etc.,
[See Table 1 - 6] results in the configuration of a
Stage-Period Table of Synthetic Informatior Ele-

258

ments (basically focused on Authors) (See Table 7
below). This Stage-Period Table may be used as
the backbone for constructing a subject infosphere
with multiple subject knowledge shells (such as

_ authors, journals, documents, descriptors, citing

authors / journals, etc.). (See Flgure 8 : Subject
infosphere)

5. Discussion |
The advantages of this approach include : 1)
providing information researchers with abilities

for holistic view, local review, or historical over-
view on a particular subject knowledge field; 2)

JISSI 4 13-4) '_Septen.lbe'r - December, 1995
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Stage-period tablé of Syithetic information eleents (Authois)

i Ve §

. ahge
- Nettral- - ="
.. 1Eleinénts .

: ios¢ itidependent and isolafed authérs
~. . whio are. totally discoiiected from the citation. figkworks.

T Figire 8 Subject fosphere
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updating network information on scnolafly com-
munications within a particular subject field; and

3) demonstrating a general communication modet .

and the animation-supported computer pro_gram—

ming techniques for constructing any special sub-:

ject information navigation system. Some of the
strong points found in this study deserve more
attentions as follows.

5.1. Automatic Clustering and Categarizatibn

One of the less harmonious areas in informa-

tion studies is on the automatic clustering and
categorization which seem arbitrary and hence less
recognizable. Chaos science may be helpful in this
case. As has been observed in Tabah and Saber's
study on chaotic structure, one of the characteris-
tics of "chaotic attractors" is " that successive
points in the plot can diverge exponentially, yet
stay within certain confines, namely the limit cycle.
Furthermore, there is a class of attractors that
delineate the confines of system behavior. These
are called strange attractors"[16] .With the dem-
onstrations of the above models and experiments,
control over an ambiguous population within a
particular scientific community can be exerted.
This approach greatly enhances navigation pro-
gramming, since major leaderships and the interre-
lationships among leaders-followers . within the
same scientific dlsmplme were identifiable and
traceable through applications of citation analy-
ses, epidemic theory, info / geo-metrical optics;
and practice of elliptical model. '

5.2 Synchromzatzon and Expert Shellmg

As demonstrated the ma_|or components of a

specific scientific discipline can be recognized

through- the appllcatlon of info / geo—metrlcal

-optics and elllptrcal model as published documents

(s,). cited documents (d ), cited authors (f), citing

 authors or citing documents (d), and contributed

authors (s,), in regards to the formulas : (tlme
d./
d_. These 1dent1ﬁed elements can be utlllzed for
bu1ld1ng sub)ect expert shells in parallel.

* 5.3. Physical Laws and Cogmtzve Computmg

and Mapping

Balancmg mind, energy and matter and show-
mg its feasibility are among the endeavors of

, 260
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" information studies; particularly in biological in-
formation processing with regards to molecular

computing, cellular automaton, and neural net
connectivity[17]. The theories in optics and ellipse
we borrowed from physical science for this study
have proved to be effective. The outcome of this
study encourages tremendously the advanced study

. incognitive computing. Nonetheless; any effective

user interface system design must seriously and
sufficiently elaborate on possible cyberspace to be
involved in the human-computer interaction. We
must recognize that the creationofa good techinical

interface for cyberspace, or virtual cultural infor-

mation, may require "a fusion of graphic artistry,
programming, psychology ... "[18}. One of the
immediate effects of utilizing infospherics is that it
allows us to accurately construct a set of "fuzzy
cognitive maps" that prescribe the scholarly com- -

" munication relationships for a concerned scientific

community. This series of fuzzy cognitive maps

can reveal casual reasoning processes. In other

words, "the fuzziness allows hazy degrees of cau-
sality between hazy causal objects (concepts)",
and "their graph structure allows systematic causal

. propagation, in particular forward and backward

chaining, and it allows knowledge bases to be
grown by connecting different fuzzy cognitive

'maps "[19]. Van Raanand Tij jssen have acknow}-

edged the practical applications and epistemologi-
cal values provided by-maps of science. They-
treasure the maps of sciénce not only as useful
"descrlptlve tools" but also as "an interface be-
tween 'objective' literature-based data and 'subjec-
tive'accounts of experts” They regardbibliometric
maps as cogmtlve pattems resemblmg stored
information in neural nets," which may represent”
the self-orgamzmg character of scientific activi-
ties in the: form of a neural. network like struc-
ture. “[2()] Currently, 1 the informatiori professions
are constructing types of artificial worlds using
virtual reality tools to represent information, im-
ages or other virtual effects for users to manipu-
late. Carefully conducting behavioural detection
and quality filtration on information systems and
their communication networks is becoming more
significant and inevitable.
6. Further Study and Concluding Remarks
Further development and practice on this theory

1995
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and methods for mfomratron detectlon are dis-
cussed as follows.

6.1. Ecologzcal Progresszon/Regresszon ofSub-
Ject Infosphcre '

A subject infosphere is anew concept in bnngmg
constructive information navigation foirces to the
information science professions. The methodology
that infospherics provides may be advanced into the
realm of "information ecology"; where information
scientists ‘are concéntrating' on the progression or
regressionof the subjectdiscipline and the objectsthis
disciplineare currently utilizing, as well as theamount
of images’ projected within the subject infosphere.
S.E. Palmer has similar proposal which states that the
ratings of subjective goodness can be predizted by a

‘model including a scaling constant; a weight (or

sahence) for each requested local onentatlon, anda

“maxirhal radius of symmetry for local or global

orientation[21]. On the other hand, the neural net
technology is particularly promising to allow us in
capturing: the intelligence from a "computer-based
neural net paradigm"[22]. This task can be achieved
by recognizing recursive patterns and using iterated

- function systems' frameworks for encoding and gen-

erating a large class of fractals or a real-time anima-
tion, taking into account of the large amount of
computation. and memory bytes consumption[23].

With the assistance of emerging information
techonology, the concepts and techniques. of
infospherics can be utilized in assistirig local area or

online database searching, as well as in navigating

Intemnet dial-up services. The observation on the
networks' behaviors (telepaths) is another broad and
urgent - field where the mfosphenc approach can
contribute.
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A Model for the Optimum Allocation of
Information Resources within A Ltbrary Network

Qiaogiao Zhang

CAB International, Wallingford, Oxon, 0X10 8DE, UK~

This paper presents a. mathematical model for optimising the allocation of information
resources in a library network environment. Emphasis is placed on the major stages of a
moadelling process, mcludmg the identification -and definition of performance criteria, and the
formulation of objective functions. Analytical solutions of one objective function are illustrated.
The model, as an objective tool, car help network managers determine optimum title coverage,
the degree of title overlap between libraries, and the level of duplication of titles within libraries.
This model is primarily intended for less developed countries like China but it is also appllcable

to the developed world.

1. Introduction

The immediate and most powerful impetus to
alter the idea of local self-sufficiency in informa-
tion resources may be the present recession, and
inflation. With competing pressiires for money,
libraries are often categorised as a non-essential
resource and find their budgets reduced. Adding to

the dilemma, the so-called "Information Explo-

sion" has not ab;a.ted, and user demand for informa-

tion only seems to increase. At thé.other end of the

spectrum, it is becoming evident that the great
storehouses of mformatlon resources, such as li-

braries, are decaying at an ever increasing rate.

Resource sharing is an effective solution to
this dilemma. Logically, the first stage of resource

sharing should lie with the acquisition of mfonna— .

tlon resources.

A A qu nitions and Concepts '

In the broadest sense, znformanon resources
are collections of data, documents, databases or
any kind of data, regardless of medium.

A Library Network comprises two or more
libraries and / or other organisations engaged in a
common pattern of information exchange, through

communication, for some functional. purpose. A

network usually consists of a formal arrangement

JISSI ¢ 1(3-4) September - December, 1995

whereby materials, information, and services pro-
vided by-a variety of libraries and / or other
organisations are made available to all potential
users (Kent, 1978){7].

The following terminology has frequently been
used to discuss the concepts . of Informatzon Re-
source Allocation :

(1) Co-operative Acquisition
(2) Co-operative (Co-ordinated) Collection -
. Development .
(3) Information Resource Allocatlon (Distn
bution) "

The broad term Co- operatzve Acquisition re-
fers to joint action in acquiring and utilising infor-
mation resources. Beginning with the preliminary
stage of selection, organisations come together in a
network to -purchase’ material; resulting in jomt
ownership and / or use (Atherton, 1977) [1]. *~

" Co-operative Collection Development may’ .
be defined as the process by which a group of
libraries develop individual and / or joint colléc-

" tions of resources within an overall plan for the -

accomplishment of certain goals (Fiels, 1986) [6]. .
- Optimum Information Resources-Allocation
is one of the goals of Co-operative Collection
Development.  In this paper, the terminology
Information Resource Allocation isused.
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Informatioh Resource Allocation inalibrary g

network refers to the mechanisms by which dis-
persed and uncoordinated information resources

are organised and redistributed inaplanned way so -

that a unified network information resource sys-
tem can be established to satisfy the information

needs of every hbrary of the network (Zhang, :

1990) [16,].

L2, Ob]ectzvesof OptlmumInﬁ)rmatzonResource |

Allocation -

Optimum Information Résburce Allocation
in a network environment usually sets out to
achieve the following goals :

(1) Developing a comprehensive and large met-
work collection on a particular subject to

satisfy various types of users in vanous loca— '

tions.

) Provrdmg all users wrth access to a wrder range =

of materials and services, and increasing user
- request fill capacity at different levels,

(3) Reducing duplication of less-used resources,
sharing the expense of expensive items and
avoiding omission in acquisition.

(4) Allowing individual libraries increased
_ specialisation in meeting the pnmary needs of
local users. :

Comprebensive and largest possrble paoled
‘collections of information resources permit a high
degree of access by -network users. Unnecessary
duplication, a waste of limited budgets, is avoided
between libraries and within a library.

When devising any information resource allo-
cation programme it is important to ask the follow-
ing questions : what is the largest collection size the
network can possibly afford to acquire bearing in
mind budget constraints? Which is more cost-
effective, purchasing, or obtaining the less-used
and expensive items via Inter-Library Loan (ILL)
or Document Delivery (DD) from outside of the
network (Khalil, 1993)[8] (Pitt & Kraft, 1974)[11]?
Is it desirable and convenient for local users if
budgets are spent on purchasing unique titles,
resulting in too many ILL or DD transactions and
delays in satisfying requests in the network? What
is a reasonable queue length for popular items in
local libraries?

264

2 Optlmum Informatron ResourceAllocatron— .
Mathematical Modelling

2. I . Defining Performance Criteria

In any mathematical modelling process the
objectives need to be quantified. Performance cri-
teria usually reflect the objectives to be fulfilled
and the problems to be solved. Therefore, the
identification and definition of performance crite-

ria is the first stage of modelling (Williams, 1976)

[14] (Rouse, 1979) [13].

- Inreviewing the objectives of Optimum Infor-
mation Resource Allocation, the following four
performance criteria can be identified to describe
how well allocation policies will operate": o

(1) Network Matenal Accessrbrllty

(2) Cost-effectrveness of ILL or DD from outsrde
_of the Network. ' S

3 Geographlcal Accessrbrlrty
)] Local Availability.

2.1. 1... NetworkMaterial Accés.s‘ibil_ity

~ This can be defined as the capability of a
network to offer its information resources for use
ina variety of ways, e.g. borrowmg, retrieving and -

consultmg
The major concerns in this objective criterion

~is to determine 1) the optimum total network:

collection size, i.e. how many titles the network
will acquire and store; 2) the optimum collection
allocation among the popularity classes, i.e. how
many titles in each popularity class a network
should acquire and store; and 3) the optimum
collection allocation among the libraries, i.e. how
many-items each library should acquire and store.

212 Cost—effectrveness of ILL or DD Sfrom
outside the network

This can be defined as the relative cdsts of
purchasing compared with borrowing, taking into
account such facts as the purchase price, the real
costs of borrowing, and probable frequency of use.

Dueto the rapid growth of publications, infla-
tion and tightened budgets, networks are unable to
purchase all of the titles requested, making ILLs
inevitable. For some less-used and expensive items,
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it might be cheaper to rely on ILLs or DD than to
purchase them. Thus, in a sense, outside ICLs or
DD become a cost-effective option for the net-
work. Such mechanisms as usage study, citation
study and operatlon research etc. will be helpful in
deciding what groups, or more specifically, what
items fall into the category of 'not to be purchased'
by the network (Brookes, 1970) [2] (Zhang,
1986)[5] The network will therefore satisfy re-
quests for these 1tems from sources outside the
network

21 3 Geographzcal Accesszbllzty '

This can be expressed as the drstance covered.

to satlsfy an ILL request within the network. In
other words, it can be defined as the ability to
satisfy a request locally and, if inaccessible, via
ILL within the network with the least possible
. delay. Here thedistance does not necessarily mean
actual physical distance. It is assumed that actual
differences in distance between two libraries do
not cause a significant difference in delivery time

within a region. We can therefore ignore geo-

graphical distance and concentrate: only on relay
times.

If one assumes that no union catalogue is
available in the system concerned, ILL then be-
comes an N-body transaction (Duggan, 1969) [4]..

“In such a type of transaction, relay times become
a major factor, which is related to the iumber of
available copies of the same title and relay routes
etc. In an N-body transaction environment, in-
creased numbers of copies of the same title in the

network (excluding duplicates in the same library)

" result in higher fill rates and less relay times from

the ILL requesters' point of view, and a greater
degree of satisfaction and convenience for local
users. Therefore, Geographical Accessibility can
be used to work out the optimum degree of overlap
between libraries. In other words, determining the
degree of overlap for the different popularity classes
of titles between libraries will bring about a cost-

effective solution with reasonable relay times’

(Egghe & Rousseau, 1990).[5]

214 Local Availability

This can be defined as the probability of a
1ser's request being satisfied by local stock.
A library circulation system is a queuing sys-
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tem. When several users requrre the same title at -
the same time and the number of requests exceeds
the number of coples available; or the copies are
already on loan, some users will have to wait. It is
undesirable to keep users waiting for long periods
and- thus strategies are needed to reduce waiting’
times. One efficient strategy is to increase the
number of copies of popular titles inlocal libraries.
This will reduce the waiting times and improve the
probablllty of satisfaction. Therefore, Local Avail-
ability can be used to work out an optimum
solution regarding duplication rates for different
popularity classes of titles within local libraries.-

2.2. Formulation of the Objective Functions

An Objective Function can be formulated for
each performance criterion.

We first assume that the network has J mem-
ber libraries and there are I title classes to be
acquired but L title classes to be borrowed via ILL
or DD from outside of the network. The title
classes are divided according to the number of
requests, i.e. popularity. Therefore, there are cor-
responding I and L request classes. In the formu-
lae, Title -refers to unique tltles whereas Item
includes duplicated copies.

221

Inmathematical terms, Material Accessibility
can be defined as the total number of requests for
titles acccessible in the network expressed as a
percentage of the total number of requests on the

Network Material Accessibility

titles universally available.

T [ZZ JXIOO% 1

i=]j=1

The formulation of this criteriontakes account
ofthe number of requests for different classes from
the users, in other words, the popularity of the
titles. It is obvious that the more popular a title is,
the more it will be requested, and the heavier will
be its use, and vice versa. Therefore, the more
popular titles should have acquisition priority.

Here, we intend to maximise the objective in

 order to achieve an optimum solution. It is usually

the case that due to budget constraints, libraries -
are not able to purchase as many titles as they
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would wish. To guarantee a minimum level of

satisfaction, both at the network level and local
library level, -and to keep a balance between the
libfar'ies, there should be some minimum title
requirement (I ) for the network and minimum item
requit_ement v ('I’sz) for each library. Again there
should be minimum title requirement (I*) and
maximum_title restriction(IY,) for eachtitle class to
keep a balance between classes. The problem can
be formulated as’ follows

Max : —I_[szljulj] XIOO% . (2)

ut =11
s. t. -

g (rg ) o

ZZI,-]-— > > I [xR% 2-1,,

i=1y=1 \i=1 =1 '

s (Total T1tle Constramts) . ‘(:3)’,
Jo | 2
Z Z xR% <I" :

(Titles of Each'_Cla_Ss) SR 4y
DlyzIf
Ci=1 ' S ;
(Title of Each L1brary) 0

Zu—

(Budget Constramts in Each L1brary) -(6')‘

ZC TS
\ (Budget Constraints in Each Class) - (7)

>0 =1, .., Lj=l,..,J - ®)
(see Appendix I for an explanation
of the symbols used)

2.2.2.  Cost-effectiveness of ILL or DD from
outside of the Network

o

Assuming that the network will attempt to meet all
the demands of its users, the budget will have to
cover the following costs (Buckland, 1975) [3].
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(1) the cost of purchasing titles (mcludmg over-
lapping and duplicate copies).

(2) ILL or DD costs for items that the network
fails to purchase (due to budget restrictions). -

‘What is the balance between purchasing titles
by the network and ILL or DD from outside of the
network that will minimise the sum of these costs
without reducing the user satisfaction rate? The .

" acquisition policy could be defined as purchasing

as many titles as possible until reliance on ILL or
DD becomes cheaper. Therefore, the Cost-effec-
tiveness of ILL or DD from outside the Network
can be formulated as the proportion of requests
satisfied from outside of the network at a cost
lower than that of the network purchasing these
items itself :

S Lo [x100% . (g
[Tutll J - f'"'() _
However, thlS 1s subject to the following con-
stramts " .

Z LCs + ZfLI-CtI =<C: +(Total Costs for

i=l] I=1

' Purchasing & ILL -
.~or DD) (10)

(ILL or DD Costs less -

" than Purchase Costs ;

“for Specific Title) - “(11) -

(See Appendzx 1 for danexplanation of the
S symbols used). '

2.2.3 GeographzcalAccesxzbzlzty&LocalAvazl—
ability _

When formulating these two objective criteria,
queuing theory is applied. Therefore, it is neces-
sary to give a brief descnpt1on of the queuing
system.

Here, we: only consider the case of complete
balking. In such a case, every user, if he does not
find the title available, gives up and does not try
again. The fraction of the year an item is not on the
shelfis given by the expression (Morse, 1969)[10]
(Egghe & Rousseau)[5] :

R{1/p) (12)

Asthereare on the average  users a year who
want to borrow the item, there are 7 (R/#) who do
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not find the item on the shelf and give up. Conse-
quently, there are” ,1' AR/u - who can and will
borrow it. This number is by deﬁnmon equal to R
This reasoning “yields :
R=2-2R/p (13)
Thus the probability that an item will not be
available is
A
A+u
and the probability of that an item is available
is(Morse, 1969)[10] (Egghe & Rousseau, 1990)[5]

- Ry=— (14)

. 7] :
Plzl—PO_‘:ﬂ_hu (15)

Often, queuing systems are categonsed us-

inga notation of the form (x/y/z) (u/v/w) where
each of these six symbols i is deﬁned as follows

I. x = inter-arrival tune dxstnbutxon

2. y = service t1me d1stnbutron

3. . z‘. = number of parallel servers

4 u-= servlce drscrphne '

5. v = maximum number of users allowed-
6. w = size of user populat1on (Klemrock

1975) [9].

For: the followmg two formulatrons we as-
sume that class i requests enter the network at

l1brary J atan average rate of A; (reque sts/umt’
time). Here we donot d1st1ngu1sh the local requests.

from ILL or DD. requests. The average return rate
of lrbrary J forclassi is My Here l/u is the mean
loan period. Assuming. that the title 1 is borrowed
continuously, Ai / My is the mean number of users

who can reada class i titleata g1ven time. Itisalso -

assumed that at library J 'there are an average »
copies of titles in class 7. .

-Also, if we assume that users amve randomly
and the time at which the next user arrives. is
unrelated to the time when the previous user. ar-

rived; then x =M; where M stands for Markov and

denotes amvals that follow a Poisson Process. y =
G for service tlmes with a general dxstnbutlon (or

. y=M forexponentially distributed services tlmes) :

and v and w = co. The service discipline u = FCFS,
L.e. first come-first served, is adopted. -
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2. 2 3. 1 Geographzcal Accesszbzlzty

- First, we assume that the distance between the
request library and resource llbrary 1S d Beforeit
is satisfied by library k , the requéstmay have been
relayed ¢ times. We also assume that the request
will be sent to the nearest library first, then relayed

to the next library if the first requested library fails -

to satisfy the request. The relay direction is clock-
wise. Since difference in marlmg times are not
srgmﬁcant ina region, we assume that the dlstanoe

between any two close (nerghbourmg) llbranes IS

the same. Therefore, the number of times an item

is relayed (f) becomes a major concern (Figure 1.).-

one relay unit

Figure 1. ILL Relay Route . - .

There exist two cases in the N-body transac-
tion : in the first case, when att i class réquest is

made to l1brary 7 » the library ; fails to satisfy the "
request due to either inaccessibility or unavarlabll- _

ity, and the library relays the request to another
library. By maecess1b1hty, we mean that the title
requested is not collected by the library to whlch
the fequest was made. By unavarlabrhty we mean

' that the title is in the library's collection but it is, on
loan at the moment the request is made. The ‘
request is ‘most likely to bé satisfied unmedxately'

only wher the: probability of availability is high. In

this case, we canonly consider the probability of *
availability. Thus, the probabrlrty of satrsfar'uon

, atthekthhbrary is -~
C . Mk
..Pk =t
Aik + Hik (16)

‘and the probabrlrty of avallabrlrty within the :

network thus is--

P?c PzIXP;2X Pi,k-—lx(_LL) (17)
_ Aik + Hik
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- Inthesecond case, we only consider the prob-
ability of accessibility. Once a class i title is

accessible at library &, the request will eventually _

be satisfied since it joins the waiting queue. There-
fore, we can ignore the probabii’y of availability.
In this case, the probability of access1b1hty at the
kth library is- : :

Fi =F1 xFa X---;I’x',k-i' x B (18)

If there are m copies of title i available in the
network, the probability of aCCCSSIblllty at the first
library is

m/(J-1) (19)
“at the kth library it is

Py =l1--2 -k
= ( J- 1)( J-z)

20)

m m
x| 1— X
( J—k+2) J—-k+1

For convenience, we assume that the j th
library starts a class 7 request with probability, P',.
Here; we only take the second case into account,
i.e. only considering the probability of accessibil-
'~ ity. We further assume that the resource distribu-
tion is uniform. By uniform, we mean a distribu-
tion where all J libraries have an equal value of P

i.e. m/J, and the probablhty of. accessibility at the :

kth library is P*,

‘Witha umform resource distribution, the ap-
propriate policy is to send a request to the ricarest
library, and if not satisfied there, to refer it to the
next nearest library, and so on until the request is

finally satisfied (Rouse, 1976). It is obvious that

the probability of satisfaction increases as the
number of copies of the same title in class 7 within
the network increases, i.e. more libraries own the
'ti,_tler. Here, multiple copies owned by the same
library have been assumed to have the same effect
as does one, i.e. same probability for the library to
satisfy the request. Therefore, only one copy of the
title will be counted for each library.

- Based on the above assumptiors, therefore,
the Expected Distance for a request on a class 7
title to be satisfied can be expressed as
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J P ’ | (21)

The Expected Distance to satisfy a request for any
classes of titles is given by

I
> Dy
D=i=1

(22)

- Minimisation of the Expected Distance can
be achieved by integer programming (Egghe &
Rousseau, 1990){5] (Appendlx II)

2.2.3.2 Local Avazlabzlzty

This is defined as the probability of a user's
request being satisfied by local stock. To avoid
complications, an opposite measure, Probability
of Dissatisfaction, is used when formulating a
queuing system.

According to Morse's formula (Morse,
1969)[10] (Egghe & Rousseau, 1990){5] we can
assume that when one copy of a class i title is
circulated at library j , the copy is not on the shelf
(notavailable) forapartofthe year (R /n, ) where
R, is the circulation rate per year and 1/} B is the
mean circulation time (the loan period). Durmg,
this time users have come looking for the title and,
having found it missing, give up and leave. The
probability of dlssatlsfactlon is thus

- Ay
/?,,J + 4y
What happens when a second copy of a class

i title is made available at library j for circulation?
Since arrivals of prospective users are at random

Fj= (23)

- and since the two copies circulate independently of

cach other, there will still be times' when both
copies are out of the library and some potential
users will still be dissappointed. The probability of
dissatisfaction for a class i title at library ] when
two coples c1rculate Is':
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@4

What happens if the average number of copies -

for each title of class 7 is » at library j 7 We ¢an
infer the probability of dissatisfaction from the
above formula and it will be (Morse, 1969)[10]

pr= M) | (25)
Y n(1+E,)
where

N n K
E,=Y— == (26)
' n—ln 'uif )

- And the average Probability of Dissatisfac-

tion  for each title in class i in the network when
an average. of n coples for each llbrary are .

circulated is :

ZP iz -(27)

IJI

An integer programming model can be formu-
lated to minimise the Probability of Dissatisfac-
tion (Appendix IT) (Egghe & Rousseau, 1990)[5].

3. Discussion and Conclusion

3.1. Relationship of the Performance Criteria -

The four criteria mentioned above can be

categonised as network information resource allo-
cation effectiveness measures since they can be

-. measured in terms of how well the allocation

policies will operate and safisfy the demand placed
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by the network users.

- On reviewing the four performance criteria,

: the first is concerned with acquiring more unique
 titles; the second with purchasing or borrowing

Jess—used and expensive items via outside ILLs
or DDs, -and the last two with acquiring more
copies. Each of these criteria has its own cost-
effectiveness thus they compete with one another

for the network budgets. The overall cost-effec-

tiveness of an Information Resource Allocation

. programme can be expressed as. the relationship

between the level of overall performance (effec-
tiveness) and the costs involved in achieving this

“level. Figure 2. shows the relationship. Several

alternative methods may be used to obtain a par-
ticular performance level. Usually, the least ex-
pensive alternative is the most cost-effective.

3.2. Analytical Solutions and T radef;o_[f

The individual objective functions, as math-
ematical expressions of individual performance
(effectiveness) criteria, can be a useful objective
tool for cost analysis and trade-off. The above
objective functions can serve two main purposes:
(1) Helping to determine the cost requirements of

each objective (activity) by setting desired and

reasonable-goals (objective measures), thus
achieving analytical solutions.

(2) Then taking the allocation results (after cost-
effective-benefit analysis and trade-off be-
tween cost requirement and budget level) to
achieve optimum solutions to these effective-
ness measures (Zhang, 1990)[17].

It is usually the case that different analytical
solutions .can-be obtained by miaking different
assumptions. We can choose the solution which

‘reflects the desired objéctive measures.

Here, we can give an illustrative example of
analytical solutions-of Geographical Accessibil--
ity. When formulating this performance criteria,
we assumed that the distance for class i request
from library being satisfied at library k is d,.As
the distance between two close libraries is one unit
of relay times, d,_is actually number of relay times

‘between library j and library & . Again, since we

assumed that the resources distribution is an uni-
form distribution this implies that each library has

269



270

' ZHANG

~  Network Cost-
Effectiveness for
Information -
Resourses Allocation

Total Costs

Titles |

‘ Overall -
| Effectiveness
Network Mate. Probability of
Ngtwm:k Ma_te” - .|Satisfaction via Geographical Local
. - rial 1ILL or DD from .Accessibility Availibility
" Accessibility | - | . Outside
/- Reducing Reducing Siereasinal
Aoguiing - /thePurchmeN . /elayTmesl /” Dupicated
- . jes at S
More T'ﬂef \ Expensive . Overlapping COP'&‘I") :a-r.-yame /
: ) Degree * -

.Cost for '
Acquiring "~ |
Unique Titles'

Cost for.
-ILL or DD

Cost for -
Purchasing
Overlapping’

Copies’

- Cost for
Purchasing
Duplicated

_ - Copies

- 'Fi'_g'u'r‘e' 2. Relationship of four performsnce criteria
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equal probability of initialising a class i request,
which is related to the number of participating
libraries and number of copies of a particular title.
Therefore, the products of d;.and P"; and the sum
of products are important parameters of the Ex-
pected Distance (see Appendix III). Here, we
assume that the number of participating libraries is
28. For the purpose of illustration and analysis,
the number of copies () of a particular title given
are increased by five each timé. ‘Multiplying the
probability, P’, by the corresponding relay times
first, and then summing them up, we thug,-obtain
average relay times under different acquisition
decisions. It can be seen clearly. from the table that

ata low basis, i.e. number of copies mcreased from

one to five or from five to ten, the average relay
times reduce dramatically. While at a higher basis,
i.e. number of copies increased from twenty to
twenty-five, the reduction of the average relay
times is not so distinguished.

A trade-off consideration of costs, number of
request (Popularlty Class) and average relay times
is a process of cost-effective analysis. By multi-
plying number of request with the average relay
times, we can decide desired or reasonable targets
for different popularity classes. By referring back
to the corresponding overlap degree, we then ob-
tain the desired number of copies (see Appendix
IV). For example, if we decide that the desired
product of -average relay. times -and number of
request should be around 5.00 plus or minus, we
then can reach a decision of 25 copics for the
popularity class 4.5 plus (i.e. average rumber of
request per library), 20 copies for class 3. 5-4.5and
5 copies for class 0.5-1.5 etc. Mulfiplying number
of copies by number oftitles in a particular popu-
larity class, we then obtain the total number of
items in this class: '

We then can consider the costs associated with
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different acquisition decisions. The cost involved
in this performance criteria can be divided into two
main types; 1.e. cost of purchasing and cost of
processing of interlibrary loan. requests (mainly
relaying). It is obvious that the cost of purchasing
Increases but the processing cost decreases as the
number of copies increases. Finally, we can work
out the total cost for this ¢lass. However, the cost

 is subject to the budget constraints. The’ decision

can be altered according to the budget constraints.
3.3. Conclusion |

Although what has been proposed isa purely
theoretical model, it has the potent1a1 tobeused for

practical purposes. : :
The four mathematical expressrons can indi-

cate very useful trade-offs, allowing network ad-

ministrators to work out a reasonable allocatron
programme with : '

() optrmum network collectron size;
(2) optimum rules for purchasing or-borrowing;

(3) optimum allocation of limited funds between
- collection sizeand duplicate’copies both among
libraries and within libraries; and

(4) optimum allocation of  collection among net-
work libraries and popularity classes.
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Appendix I - Components of Formulae

I is the number ofttitle classes to be purchased

L is the number of title classes not to be

purchased — can be borrowed more cheaply
via ILL or DD from outside of the network

J is the number of participating libraries in the
network

T  isthetotal number oftitles universally avail-
able

u is the average number of requests for titles
universally available .

is the average number of requests for titles
. which are not going to be purchased

is the number of titles in class 1 to be
‘allocated to library j

u. istheaverage numberof requests fortitles in
class i from library j-

I J o
Z Z ij 1s the total number of items in the net-
i=1 =

(,.

work, including overlaps between libraries

[Y]k.

Iy ] X R;% is the number of overlapped items

1

in'class i

I J
[Z 2Ly |[XR%jg thetotalnumberofoverlapped ,

items in each clas_s in the network

" is the number of items library j is going to
be allocated

/4
2
i=]

is the number of titles which are going to be
acquired in class i

R% is the average overlap rate of any classes of
items between libraries

I is the minimum title requirement for the
network, i. e., title constraint for network

R% isthe average overlap rate of class i between
Libraries
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I¥  isthe lower level title constraint in classd

IV is the upper-level title constraint in class i

1

IjL is the minimum title requirement in library j’

Z L1 is the number of titles not to be purchased
I=1 _ _
- —can be borrowed more cheaply via ILL

c is the average cost of each title 1rrespect1ve

of classes -

Bj v & the budget constraint of library _] for
pubchasing titles

B, is the budget constraint for each class of
titles

{

ZI Céi is the total costs for purchasmg titles
i=1

ZLICtl is the total costs of ILL or DD from
I=1

outside of the network
C, is the unit cost of purchasing one item in
class i

is the unit cost of ILL or DD per item

- C isthetotal costof purchasing and ILL or DD

charges .

A; I the number of requests for titles in class i
in the network

A is the number of requests for t1tles in class i
at library j

Ay 1s the number of refuests for class i titles
being satisfied at library K

~

Z’?'ij is the sum of i class requests at library j

I _
Zi Ai_ is the sum of requests for I classes oftitles in
i= _
thé network
Hij  isthe average returnrate inlibrary j for class
1 titles
M 1s the average return rate in library k for
class i titles
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n is the average number of copies of class i
titles

K, is the number of libraties to which the re-
quest has been relayed before it is satisfied
(at kth library)

by library j being available within the net-
work (ie, satisfied at the kth library)

P_? isthe probability of class i title requested by

library j being accessible within the network

(1e. satisfied at the kth library)
P," is the probability of class i requests by
library j being accessible in the kth library

d, is the distance between the request libraryj
and resource library k

P'. is the probability of class i requests bemg
initiated at library j

P is the probability of class i requests being
initiated at library j being satisfied by library
k S

"D: is the expected distance for a request on

class i titles to be satisfied

D  istheexpected distance for a request on any
* classes of titles to be satisfied -

P.! istheprobability of dissatisfaction for class
i titles at library j when a single copy circu-
lates

P.2  isthe probability of dissatisfaction for class

ititlesat library j when two duplicated copies

circulate

1at library j when n duplicated copies circu-
late '

Appendix II: Minimization of Expected Dis-
tance and Probability of Dissatisfaction

Minimization of Expected Distance

When one copy of a title in any class is
circulated in the network, the Expected Distance is
D!, two copies D? and m copies D™

The minimization of the Expected Distance to
satisfy a request of any class can be expressed as:

Min{D"x, + D*xy+...+D™x,} (29)
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is the probability of a class i title requested

o

P.m  isthe probability of dissatisfaction for class 7

s. t.
x|+ X+ +x,, =1
Xp = {0’]} .
k=123,..m
Clxl + C2x2+...mem <B

where

C'  isthe unit cost of one copy of a title in any
class

2 isthe cost of two copies of atitlein any class

C™ s the cost of m copies of a title in any class

Xy X are zero-one¢ integer variables
Minimization of Probability of Dissatisfaction

The minimization of the Probability of Dis- -

. Satisfaction can be expressed as:

Min {P,-‘xl +P%x, +...+P,-"x,,} - (30)
st

xj+xy+..+x, =1

x ={0.1}

k=123,..,n

Clx +C2xy+...Cx, < B,
where

P! is the average Probability of Dissatisfac-
tion when one copy of each title in class 1
is circulated

P2 is the average Probability of Dissatis-

Jaction when two copies of each title in
class i are circulated

pr is the average Probability of Dzssatzs sfac

~ tion when n copies of each title in class i

are circulated

C/ is the unit cost of one copy of any title in
_ classi
C2 is the cost of two copies of any title in
class i
Cr is the cost of n copies of any title in
class i

X,,-...X, are zero-one integer variable
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Appendix III - Analytical solutions for geographical accessibility

J=1
when m-—zl w‘hcn‘ m=5 ' when m=10
X 4 [ - | ' — T
K Py Py x dg P"ix_ P"y x d P P x dy
o N
1 0 o .
2 1 | 0037 | 0037 | 0185 | 0185 | 0370 | 0370
3 2 | 0037 | 0074 0157 | 0304 | 0242 | 0484
4 3 Jom7r | o | o013 | 0306 |-01s8 | 0474
s | a4 jom7 | 0148 | 0110 | o440 | 009 | 0384
6 | 5 L oo7 | oiss | 009 | o450 [ 008 | 0290
7 | 6: 10037 | o020 | 0074 | o444 | 0035 | 0210
7 1 007 | 0259 | 0060 | 0420 | 0020 | 0140
. 0037 | 0296 | 0048 | 0384 | oour | 0088
10 | 9 | o007 | 0333 | 0038 | o342 | 0005 | 005
11 10 | 0037 ! 0370 | 0029 | 0319 | 0003 | 0030
12 | 11 | 0037 | o407 | 0023 | 0276 | 0001 | 0011
13 12 | 0037 | o444 | 0017 | 0221 | o001 | o012
14 13 0.037 0.481 0012 | 0156 -
15 | 14 | 0037-| os18 | 0009 | 0126
16- | 15 | 0037 | 0555 | 0006 | 0090
17 |16 | 0037, | 0592 | 0004 0.064
18| 17 | 0037 | 0629 | 0003 | 0051
19 | 18 | 0037 | o666 | 0002 | 0036
20 |19 | o037 | 0703 | o001 | 0019 .
21 20 | 0037 [ 0740 R .
22 |21 | 0037 | 077
23 22 | 0037 .| 0814
24 | 23 | o037 | o851
25 | 24 | 0037 | o888
26 25 | 0037 | 0925
27 26| 0037 0.962
0.999

Average Relay

Times
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MODEL FOR OPTIMUM ALOCATION OF INFORMATION RESOURSES_

J=1 (cont.) )
when m=15 | when m=20" when m=25 “
Py xdy d Py x d; " Py X dy
2 1 ] 055 | - 0.556 0741 | 0741 0926 | - 0.926
3 2 | 0256 | 0584 | 019 | 0308 |oo7 | 0142
4 3 | 0113 033 | 0084 | 0252 | 0003 | 0009
5 4 0047 | 0188 | 0010 | 0040 | .
6 5 | oo | 0o% | 0002 | 0010 |
7. 6 | o003 | o018 | ] L
1 7 0002 | 0014 ' - ' ﬁ
o | 8 oot | 0008 } | o 4 ] - "
1| 10
12 11
13 12
14 13
15 14
16 15
17 16
18 17
19 18’
20 19
21 20
) 21 )
! 2
24 | 23 .
25 24
26 25
27 26
Average Relay
Times
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Appendix I'V-~ Product of average relay times and number of requests (popularity class)

when m=1 | when m=5 when when whéh ’ when
A R=13.99 R=4.75 m=10 m=15. m=20 m=25
_ R=2.54 ~R=1.72 R=1.44 R=1.07
> 4.5 69.95_ | 23:60 12.72 8.68 7.20 5.35* |
35-45 55.96 18.88 10.16 6.88 | 5.76* 4.28
;2.5 ~135 41.97 14.16 7.62 5.16* | 4.32 2321
15-25 27.98 9.44 5.08* 3.44 2.88 2.14
05-15 | 1399 4.72¢ 2.54 172 144 107
0-05 0 0 0 0 0 0

* Desired product of average relay times and number of requests
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Information Diffusion of Terms as Found T. hrough
Various Types of Documentary Sources

Subir K Sen *
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In the present study a methodology of studying terminological diffusion has been suggested
and used with seven technical terms. The process df diffusion occurs in two planes. One'is
in the vertical plane where the seepage in various types of documents from research journals
to general language dictionaries and newspapers has been studied. The other is in the
horizontal plane where the recurrence (or frequency of occurrence) of the term in the
secondary services has been studied. These two together give the idea of life history of the
term in the process of becoming public knowledge and gaining literary warrant. This in
itself may indicate the cultural and informational status of a term for inclusion in an
information processing system eg. glossary, thesaurus, IRS etc.

1. Introduction .

The present paper is a preliminary report on
an empirical study-of diffusion of concepts as seen
through the creation and recurrence of use of tech-
nical terms over time. The main objectives had been
to try to formalize a method of studying informa-
tion diffusion of terms and pave the way for fur-
ther research and conceptualization. It was also the
intention to understand the difficulties involved.

Technical terms can be considered as carriérs
of information representing the key concepts.
Coining or creation of a term can be considered as
an innovation : terminological innovation.
Terminological diffusion can therefore provide a
means of studying. diffusion and spread of
information. Even if small ,there have been some
published material dealing with diffusion of
information or idea [2.,4,5,6,7,8,9].But none of
them addressed specifically to the problem of
terminological diffusion and its relation to
informetrics. '

Some confusions also prevail in using the term
"diffusion" in the context of spread of information
or idea [3]. No literature survey is presented here,

*Permanent Address: 85 Devi Nivas Road, Calcutta 700 074
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which may be done in a future review. The
terminological confusion and the meanings of
diffusion as used in different contexts or in other
subjects have been discussed elsewhere [11].

Following the career of a term can be of much
interest. This can provide for an indication or
estimation of the “cultural' and “informational'
status of a term which can be utilized for inclusion
in a glossary or thesaurus or an information
retrieval system. A pioneering preliminary study
on the careers of tenninologies was done by Peritz
in 1984[10]. The present study is both extension
of and modification over Peritz's study.

2. Terminological Clarification

In this paper we have used the term “diffusion’
in the framework of a specific technical meaning :
the phenomenon or process of new information
(new knowledge, in the form of a term representing
a concept of idea) becoming public knowledge
(public information).

The term public knowledge can again create
confusion. We are very much specific about its use
here. Following Wilson[13] we define public
knowledge as the common stock of articulated
knowledge. Anything which is public knowledge -
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is usually a piece of information about which most
of the members of a community are aware of, or

otherwise, the information is available to the:

members of the community in a usable form. In
this work Wilson's statement that °...
and other works of reference in which public
knowledge is formulated’ has been a supporting
 force. _
' We can visualise the process of diffusion of
information comprehensrvely The phenomenon is
prominent in science and technology rather than
other traditional subjects. Borgman(1] and also
Sen and Chatterjee[12] have considered diffusion
stidies as a subfield of bibliometrics. Borgman([1]
writes - *Bibliometrics may be used to trace the
evolution of an idea within and across disciplines.
At the earliest stages of diffusion the idea is linked
with the document in which it was first presented,
thus allowing tracing through citations. As an
idea diffuses further, it may become disassociated
from its bibliographic: origins, thus requrrmg
tracing through termmology :
In science and technology someone has
usually to coin a term for a new discovery or
invention. Most commonly such a coinage is done
by the discoverer or the inventor; occasionally,
however; this may be done by others. In many

cases some conceptually new development may

prevail for sometime wrthout having a name.
Again, in exceptional cases, (but not very
~ uncommon in science and technology) a name or
a term' may be coined much before the actual

discovery or déscn'ptijon of the new.development

e.g. the names of the elementary particles like
electron, meson, neutrino etc were coined much
before actual discovery of the particles.

‘3. Four Phases of Drffusron -
Once a term is coined; it gets associated not
only with a concept, but also with one or -more
context. First stage of diffusion of the information
starts with the use of the term along with the
assocrated concept and context by others.

* In science and technology, a new concept is - -

described in a primary publication such as a
research journal or a patent application. It may
however be announced at a meeting or a press
conference. The new terms therefore, make their
first appearances in such media as are called
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encyclopedias

" popular periodicals and in news papers. -

primary publications or primary information
sources.

- Then, there should be further primary
publications with the term being used in thesé
publications. In the first phase of diffusion, the new
term would. repeatedly appear in primary
publications with varying temporal gaps. In some
cases, the term may also appear in popular press.
But, it should also appear in primary publications if

itisa techmcal term. In this early period, the term

may undergo various types of modifications in
respect of spelling, definition etc. :
“Somefimes there are more than one term coined

“for the s: samie concept. All these terms are put into a

competltlon for acceptance Many terms may be
discarded and are not used further. Their lives are
started and finished during this ﬁrst phase of
diffusion process.

Ifatermis accepted by the peers and contmues
to be used, we may say that the associated concept
has been granted literary warrant. When this phase
is attained, the term is found in the titles of articles
and in indexes of the secondary periodicals. The
concept, and so the term starts getting places in the
progress reports, reviews, year books, anthologies
etc. They are then reccogmsed as key-words or
thesaurus words or access points by the actual
practioner and also by ‘the professional indexer,
database manager and information scientist. This
is the second phase.

In the third phase of drﬂ"usron the term should
be incorporated in the subject encyclopedlas in the
subject glossarles or the subject dictionaries, in
At this
phase, such a term is almost always defined or
explained whenever used in a non-technical medium.
Usually during this phase, the concept and the term
starts to be included in subject heading lists and
classification schemes _

_In the last or fourth phase, the term makes
appearance in text books, in general dictionaries and
also in popular press without being explained or
defined. They may also be used by the public.in
their regular conversations. When this stage is
attained, one may say that the term and hence the
the concépt has become public knowledge.

Although the sequence of these four phases or
stages 1s ideal; in many instances, the sequence is
jeopardised. Again the term public knowledge may
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mean several ‘states’ of knowledge. One should
consider various levels of public knowledge if one
may think in terms of the community in which the
concept becomes familiar (under rational
consensus) ,[14]. ' This community may be an

international group of specialists or the

students,scholars and persons trained in a particular

field or an educated intelligentia of common folk in,

general. We may talk of public knowledge among
physicists or among those persons who read
newspapers. We may illustrate by taking a fow
examples. The term ‘quark’ or its associated concept
is public knowledge in the community of physicists,

the term bibliometrics is common knowledge fora

very small group of persons only, but the terms like
radar or AIDS or vaccine are known to almost

everybody.  Again the status of a term is to a large -

extent connected to the language to which it belongs.
In this study only the English language technical
terms have been considered.

Seven terms ‘were selected. - They are AIDS
Pheromone, Holography, Laser, Gluon, Parton and
Quark

4. Two Types of Diffusion
Terminological diffusion as information
diffusion can be studied in two ways. Firstly as-a

vertical flow or seepage - by finding out how a term -

- spreads at_different levels of communicati - :
channels and\how it appears in documents to be
used more by general public. The other aspect is
the horizontal flow which would indica‘e the use

and acceptance of the term within the professional .

community or the community -of specialists. This
can be measured or estimated by counting the
frequency of occurrence of a term in the secondary
services over time. This second aspect.is much ealier
to study than the first. .

5. Methodology

In studying the horizontal d1ffus10n we have

counted annual frequencies of occurrence of a term
from the indexes of the relevant secondary services
as far as practicable - firstly from the abstracting
periodical of the subject field in which the term
belongs, then from an abstracting periodical in a
related field. We had also counted frequencies from
the Permuterm Subject Index of SCI®in all cases.
But we have not presented this data here as we have

" JISSI # 1(3-4) Septémber - December, 1995

found that the data collected manually (required
for pre—1980) and those collected mechanically
largely differ. Only for AIDS (which was coined
in- 1982, SCI®data have been provided. To find
out popular appeal and public importance of a
term we searched through The New york Times
(NYT)index also. Except for AIDS, and
insignificantly for holography, no frequency table
was possible for NYT. . '
The horizontal diffusion- when observed
against time, indicates growth of primary
literature on the topic which the term represents.
Most of the growth studies of literature have
followed this method. However, what these
studies have not so far noted-is that this is also -
an indication of information diffusion. Moreover,
frequency counts from newspaper index have-
given an extra dimension to diffusion aspect. On
the other hand, studying the vertical diffusion is
much more difficult and complex. It is very
difficult to discover when a technical term makes

-its first appearance ina partlcular type of

document. - _

All the seven terms chosen had been comed '
within last thirty-five years. - The point of genesis -
of each term has been pin-pointedly identified.
This involved identification of the source
document where the term first appeared, the
person who coined the term, and the date of the -
source document. It might have some gestation
period before its appearance and previous history
of informal circulation which have been ignored.
Then, the possible channels eg. indexes of the
primary or secondary periodicals, annual reviews,

-different. editions of subject and general
-dictionaries and.encyclopedias and ultimately

subject heading lists were identified and located.

‘We have identified 17 different types of
information sources besides the source of first
appearance of ‘the term to follow the vertical
spread from the most specialised to the most
popular. These source types are listed below:

1. First appearance of the term - date and

source.
2. Appearance in the annual index of the
secondary service in the relevant subject field
‘in which the term belongs
3. Appearance of the term in annual indéxes of
secondary services of related subject aréas.
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4. Appearance of the term in annual permuterm
index of Sciénce Citation Index.

n

6. Appearance of the term in indexes of annual
reviews or progress of relevant subject field.

7. Appearance of the term in index of specialised
subject year book, if there is ‘any.

8. Appearancé of the term in 2 year book of a
broad subject field, if any.

9. Appearasice of theterm mthe index ofa general

- ‘year book.

10. Appearance of the term in speclallsed subject
encyclopaedia. :

11. Appearance of the term in broad subject
encyclopagdia.

12. Appearance of

" encyclopaedia.

13. Appearance of the term mna specmhsed subject
dictionary. _ :

14. Appearance of the term in broad subject
dictionary.

15. Appearance of the term in general dictionary

16.- Appearance of the term .in a small desk or

* pocket dictionary and or bl-hngual dictionary.

17. Appearance-of the term in text book.

18. Appearance of the terminsubject heading list
~and/or subject catalogue.

the ’te‘v-rm in general

For each term, all these types of sources were
séarched and the daté of first appearance in each
case was noted. This gave an idea in quantitative
terms of life history and line-of spread of each term.
Searching the terms in the dictionaries and
encyclopaedias was troublesome. This might
become misleading if hot done cautiously and
systematically. Not all the dictionaries and
encyclopaedias can suitably reflect the diffusion
process as these do not have pohc1es of regular
revision.

Ong has therefore to select a number of source
dictionaries and encyclopaedias with publication
history of revised editions at regular intervals,
which are available commonly and have sufficient
publication life to cover the period from genesis of
the term up to date, This is also a reason why we
could not study the cases of the terms which are

quite old. Another, practical situation creating prob-

lem to searching should be discussed. The libraries
as a general practice keep and display only the re-
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Appearance of thie term in newspaper indexes. _

cent editions of these sources. Earlier editions in
many cases are disposed off.

For these reasons we tried the sources selec-
tively. Different editions of the McGraw Hill
Encyclopaedia of Science and Technology and its
year books, Encyclopaedia Britannica and its year
books, Encyclopaedia Americana and its year books
(rarer occasions), Chamber's Dictionarry of Sci-
ence & Technology, Oxford English Dictionary,
Shorter Oxford Dictionary were searched. In case
of non-availability of a term in these sources other
general -or broad subject encyclopaedias and dic-
tionaries were consulted. For subject headings, dif-
ferent editions -of Sears' List of Subject Heading
and/or Library of Congress Subjéct Heading List
were consulted. For specialized natrow subject’
dictionaries and encyclopaedlas we could not fol-
low any pattern. - :

Although, occurrence of a techmcal term and _
its frequent recurrence in a newspaper (as reflected
through the index of NYT in this study) indicates
the ultimate status of the term towards public
knowledge which may be considered as the most
popularlevel. Yet we have put:it for an early posi-
tion before the annual reviews, encyclopaedias and
dictionaries, just after the secondary services. The .
reason ‘is that newspapers usually report a major
conceptual advance much ‘before the reviews and
reference tools do. .

As the last levelof dxffusmn channel ‘we have
taken the subject heading tist. Inclusion i1 such a
list oceurs usually after theiterm; gams *literary war-
rant'

\

6. Results and DlSCﬂSSlOﬂS

- Table 01 gives the complete scenario of verti-
cal diffusion of the terms-(AIDS, Gluon, Hologra-
phy, Laser, Parton, Pheromone, Quark). The first
row gives the year of first coinage or first appear-
ance in a documentary source and is indicated as.
the Zero year. The next seventeen rows-(numbered
2 to 18) give the time lag in years between the first
appearance (Zero year) and the-appearance in the
correspondig category-of documentary source - - ini :
the sequence shown above. !

The term AIDS first appeared in Morbzdzty
and Mortality Weekly Report (US) on 24-Septem-
ber 1982. Gluon appeared in Physics Bulletin of 3
December 1971. Holography was in Physics Let-
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ters of 15 December 1964, Laser as-an acronym or
abbreviation had its first appearance on 8 July 1960
in the New York Times and-not in any technical
journal. Parton, pheromone and quark appeared in
New Scientist, a general scierice magazine of 26
June 1969, in Nature in 1959 and in Physics Let-
ters in 1964 respectively. -

Among the seven terms five are from physics,
three of them from highly technical basic research
field, namely elementary particle physics. They are
conceptual notions. The other two physical terms

refer to two mechanisms ‘and machines with wide

applications.

The other two terms have been taken from life
sciences "and biomedicine. Pheromone refers to a
chemical substance in the animal kingdom. The
other term, AIDS refers to a deadly disease. -

The earliest of the term, pheromone was coined
in 1959 and the lastest, AIDS in 1982. Thetwo.of

the terms laser and ATDS are abbreviations.of some

larger descriptive phrases. Laser has ‘become an

' acronym. But status of AIDS an acronym is not

clear. Tt is not-written as Aids.
By going throughthe Collins Cobuild English

Table O1. Time. gap in years for appearance in different types of documents after
first -appearance (zero year - first row) for each :term '

- No. AIDS “‘Gluon Holography Laser _ Parton Pheromone Quark
1 0(1982) - O(1971) 0(1964) 0 (1960) 0(1969)  0(1959)  0(1964)
2 1 1 1 L 2 0 !

3 . B 2 1 1 0 0
4 0 U s 1 6 1
5 0 10 3 0 1 s 1
6 2 y 7 2 ; ST
7 3 ] 7 . ) B -
8 3 13 2 2 1 8 6
9 1 10 7 13 6 _ 11 Y
10 10 11 10 3 5 11 0
1 5 12 4 6 8 7.7
12 4 16 9 . 13 9 14 7
13 4 15 7 12 9 B3 7
14 s 14 10 7 15 12 u
15 5 11 6 6 15 7 6
16 9 13 . 4 14 - - 0
17 3 14 3 4 - 10 N
18 4 16 11 5 17 16 11

Language Dictionary which has been published
in 1987,only three terms from our list have been
found out. These terms are AIDS as an abbrevia-
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tion, holograph and holograrh but-not holography;
and laser as an’ acronym. In respect of technical
terminology the dictionary says that it includes
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words which are technical in origin but which are
of regular use in the general vocabulary.
Taking quark, parton and gluon together as
falling in the same narrow speciality of theoretical
elementary particle physics, we may judge their
respective status and diffusion characteristics. The
term quark was coined in 1963-64 by the famous

Nobel laureate M. Gellmann taking it from the novel |

Finnegans Wake by James Joyce: The term parton
was coined by equally famous R. P. Feynman, an-
other Nobel laureate. Although the term parton
appeared in print by about 1968-69, it was in use
in informal discussions from 1965-66.The term
gluon was derived from glu¢ and was coined prob-
ably by Gellmann. In a thesaurus, the relations
among these terms should be as follows : Quark
may be considered as an NT (Narrower Term) - it
means quark can be considered as one type of par-
ton and parton can be taken as a Broader Term (or
BT) of quark. Gluon should be considered as RT (a
conceptually Related Term) of quark, it may be taken
as an RT as well as an NT of parton.

It could be assumed that these terms represent-
ing some esoteric concepts should have taken much
more time to diffuse. Butfjudging their importance
in particle physics, the terms should be heavily used
in specialised documents of high energy physics.
Except for quark the case was not so (Tables G1,
P1, Q1) as isrevealed from annual indexes of Phys-
ics Abstracts (PA).

The term 'quark’ appeared in the * Advances in
Nuclear Physics” in 1971, but the other two terms
" have not got a place in that periodical. The most
notable for our purpose is the fact that all the three
have been included in subject heading lists; it took
sixteen years for gluon, seventeen years for parton

and eleven years for quark.

Going over to the terms 'holography' and
‘laser’, we find that the terms became very quickly
diffused. Development of holography has been very
much depended on the development of laser. Ho-
lography has not been developed to the stage of such
universal use as laser. Till now we do not have vi-
able holographic devices in miniature forms. Thus,
diffusion of holography lagged far behind that of
laser. .

The term 'laser’ appeared in the New York
Times Index before it appeared in any secondary
service. This also signifies the rapidity of diffusion
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of the term.
Going through the terms in blologlcal science

we find that the term 'pheromone’ was very quickly

accepted and used in the specialised techniccal lit-
erature. But its Spread in general literature of sci-
ence and literature outside the scope of the
specialised subject field has been slow.

A study of diffusion process of pheromone re-
veals some interesting modes of diffusion. The term
pheromone appeared in Chemical Abstracts (CA)
and Biological Abstracts (BA) in the same year of
first coinage. After that there were gaps of six years
and two years in BA and CA respectively for its
recurrence. Pheromone appeared in New York Times
Index in 1991 after 15 years of its coinage.

The case of AIDS is unique. As the term s an
acronym used fora devastating disease having glo-
bal impact the diffusion of térm has been very quick. -
Within months of its first appearance, it was re-
ported in The New York Times (NYT) and other ser
is a term of physical science and AIDS is a term in

‘medical science having grave consequences for and

interrelation with public health.

Table A 1. Frequency of occurrence of the term AIDS
in Biological Abstracts '

No.of occurrence

Year .

1983 8
1984 - : 15
1985 : 200
1986 326
1987 : 344
1988 : 210
1989 . 332

1990 ) 565

Table A2. Frequency of occurrence of the term AIDS in
Science Citation Index

Year No. of occurrence
1982 . 102
1983 401
1984 578
1985 996
1986 1307
1987 1603
1988 : - 1708
1989 1359
1990 © 1491
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Table A 3. Frequency of occurvence of the term AIDS
" in New York Time Index

Year No. of occurrence
1982 3
1983 ? . 128
1984 _ 70
1985 390
1986 392
1987 . 1002
1988 454
1989 395
1990 563

The horizontal diffusion of AIDS gives (Table
Al, 2, 3) a peculiar pattern as revealed through
three different types of secondary sources.There is
no entry of the term in 1982 in Biological Abstracts.
There are eight and fifteen entries respectively in
1983 and 1984. In 1985, the number becomes 200,
going to 565 in 1990. The term appeared three times
in 1982 itself in The New York Times (NYT). In

1983, the number is 128. In 1987 NYT index reg-_

isters 1002 occurrences. Between 1985 and 1990,
in other years, the number is in between 390 and
563. SCI registers 102 occurrences in its index in
1982. There is then-a steady growth culminating in
1988 to: 1708 occurrences. In the next two. years
the number falls a little: These show a very fast
‘diffusion and growth of both specialised and gen-
eral literature. The years around 1985 was signifi-
cant for a number of major publications. It is also
to-be noted that items of specialised literature had

much less relevance for Biological Abstracts.
. Unfortunately, we could not study the growth

or diffusion through the most relevant secondary

services in this case - AIDS and Virology Abstracts
o¥ Index Medicus which were not readily available.

- Frequencies of occurrences of pheromone are
significant. In BA and CA continuous growth is
prominent with some jump increment at intervals.
. The increasing trend is maintained as the global cov-
erage for BA and CA gives the picture of growth
due to inclusion of lesser journals. (Table PH 1,2).

Frequencies of occurrences:of Gluon (G 1,2)-

and Parton (P1,2) follow a pattern. Gluons are sup-
porting particles to quarks. As such chances of ap-
pearance of the term 'Gluon’ in the titles of articles
and in indexes of journals or in the indexes of sec-
ondary services is less than that of quark (Q 1,2).
The terms, quark and gluon might also appear to-
gether as in quark-gluon model. :
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Table PH 1. Frequency of occurrence of the term
Pheromoti¢ inr Biological Abstracts

Year _ No. of occurrence
1959 I
1960 ’ 0
1961 0
1962 0
1963 ]
1964 0
1965 0
1966 0
1967 20
1968 23
1969 26
1970 B ' 571
1971 ' 81
1972 64
1973 ' 145
1974 174
1975 ' : 158 .
1976 181
1977 ; 173
1978 240
1979 235
1980 240
1981 ' 257
1982 . : 272 .
1983 ' 300 -
1984 : 363
1985 392
1986 K 352
1987 . 287
1988 353
1989 S 380
1990 : 419

The terms gluon, partonand quérk donot ap-

pear in the subject Index of CA from 1971 on-

wards. They however appeared in the Chemical
Substance Index. The fequency table (G2,P 2, Q
2) for them show occurrences of these terms from
the Chemical Substance Index. For this reason the
frequencies have become higher for CA tban for
PA.

As already discussed realization of practical
holography has been very much dependent on the
development of laser technology. It may be noted
that the theoretical principle of laser was discov-
ered even before 1920. But no idea or concept: of
such an artefact let alone a name was forthcom-
ing till fifices. The thieory of holography wascnun--

ciated by Denis Gabor in 1948 and the term-was

coined at that time.
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Table PH 2. Frequency of occurrence of the term
Pheromone in Chemical Abstracts

Year
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971

1972

1973
1974
1975
1976

1977 .

1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990

No. of occurrence

A= WO NO O~

14.
24
25
11
61
60
92
104
76
100
204
221
235
249
255
279
293
301
352
325
335
315
297
309

Table G 1. Frequency of the term Gluon in

Year
1972

1973

284

1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991

.Physics Abstract

No. of occurrence
: 2

Table G 2. Frequency of the term Gluon in
Chemica! Abstracts

Year No. of occurrence
1972 : 2
1973 27
1974 35
1975 . -55
1976 61
1977 86
1978 87
1979 214
1980 320
1981 i 354
1982 279
1983 427
1984 : 465
1985 . 502
1986 . 509
1987 496
1988 C 485
1989 ' 480
1990 . ) 479 -

The tables (L 1,2,3) show that within a short
span of time publication on laser proliferated in a
very large way. This is quite expected because laser
has multifarious applications in many fields. This
prompted publication of a separate secondary ser-
vice for laser - Journal of Laser Abstracts (JCLA).

Table P 1. Frequency of occurrence of the term Parton
in Physics Abstracts ’

Year " No. of occurrence
1971 ' 2
1972 : 4
1973 129
1974 . 131
1975 » 105
1976 108 -
1977 . 92
1978 . . 147
1979 : 144
1980 - 124
1981 203
1982 179
1983 195
1984° 183
1985 : 173
1986 ' - 202
1987 223
1988 ’ _ 193
1989 176
1990 . 150
1991 188
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Table P 2. Frequency of occurrence of the term Parton Table Q 2. Frequency of occurrence of the term Quark

in Chemical Abstracts . in Chemical Abstracts

Year i No. of occurrence :{;;: No. of occzuf'rence
1965 27
1570 2 1966 25
1971 14 1967 214
1972 80 1968 85
1973 130 1969 86
1974 119 : 1970 164
1975 130 1971 213
1976 140 _ B 182
1977 101 , 1973 o2
1978 151 _ ;g;g igg
1979 116 \  lote 251
1980 - 171 1977 . 236
1981 - 162 1978 202
1982 193 "~ 1979 196
1983 201 - 1980 190
1984 ‘ 179 1981 189
1985 , 175 1582 170
1986 225 1983 210
1987 209 1984 202
1988 : 182 _ {ggg igg
1989 178 1987 162
1990 _ 190 1988 : y
1989 132
1990 121

Table L 1. Frequency of occurrence of the term Laser
in Physics Abstracts
Table Q 1. Frequency of occurrence of the term Quark Year No. of occurrence

in Physics Abstracts 1961 1
: 1962 6
Year No. of occurrence 1963 4
1965 ' 14 ) 1964 42
1966 ' 14 1965 630
1967 89 ' 1966 961
1968 133 1967 o 1226
1969 71 1968 1669
1970 . 90 1969 1470
1971 89 1970 1475
1972 98 1971 . : 1490
1973 227 1972 1503
1974 266 1973 1532
1975 186 1974 1540
1976 154 1975 1572
1977 ) 158 1976 1595
1978 533 1977 : 1601
1979 960 1978 1612
1980 1315 : 1979 1622
1981 : 1401 1980 1629
1982 1529 ‘1981 1635
1983 1637 1982 " 1642
1984 1499 1983 1653
1985 _ 1401 1984 1675
1986 . . 157 1985 1683
1987 145 1986 1695
1085 - 1987 1715
: : 1988 1727
1990 160 1989 - 1736
1990 : 1756
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Table L 2. Frequency of accurrence of the term Laser Table H 1. Frequency of eccurrence of the tefmn
in Journal of Current Laser Abstracts Holography in Physics Abstract
Year No. of eccurrence Year No. of occurrence
1968 2852 1965 - 2.
1969 . 3422 1966 23
1979 3373 1967 : 33 -
1971 3705 1968 . 204
1972 - 4074 1969 250
1973 4005 1970 469
1974 , 4198 1971 577
1975 : _ 4912 1972 - 592
1976 ‘ 4598 ' 1973 601
1977 4403 - 1974 : 620
1978 4417 1975 355
1979 4446 1976 _ 402
1980 , 4624 1977 . ' 310
1981 4276 1978 341
1982 4147 1979 : 352
1983 4107 1980 ‘ 375
1984 ' 4618 1981 389
1085 4544 1982 426
1986 4654 iggﬁ - jgg
1987 4715 1985 7 435
: _ 1986 442
Table L 3. Frequency of eccurrence of the term Laser 1987 452
in. Chemical: Abstracts 1988 _ 459
Year No. of occurrence 1989 . 462
1961 10 1990 479
1962 , ) 40. 1991 - 383
1963 . . 176 '
1964 289 Table H 2. Frequency of occurrence of the term.
1965, 694 Holography in Chemical Abstracts
1966 1131 Year : No. of occurrence
1967 918 1966 ' 4
1968 1057 1967 . 25
1969. 994 1968 11
1970 982: 1969 ' ' 20
1971 : 1049 1970 : 41 -
1972 ' 1675 _ 1971 : 59
1973. 1096 1972 N 104
1974 1125 1973 107
1975 1122 1974 108
1976 1159 1975 120
1977 1230 1976 159
1978 1301 1977 162
1979 1392 1978 175
1980 : 1431 : 1979 . 182
1981 1489 1980 : 185
1982 1535 1981 : 187
1983 1575 S 1982 . 188
1984 1641 - 1983 189
1985 1669. 1984 192
1986 ' 1725 1985 201
1987 1757 1986 210
1988 = 1825 1987 _ 219
1989 o 1792 1988 224
1990 1845 1989 .22
. ' 1990 230
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Table H 3. Frequency of occurrence of the term
Holography in New York Times Index

Year No. of occurrence
1967
1968 °
1969
1970
1971
1972,
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1585
1986
1987
1988
1989
1990
1991 -

Entries in JCLA are more than 2.5 times that
in PA and about 3 times that in CA Laser has be-
come a household word in the advanced countries.
Thehorizontal diffusion is in tune with the vertical
diffusion in case of laser. In cogtrast, frequenmes
of occurrence of the term holography in secondary
services are less. The frquencies in PA and CA have
somewhat similar trends. PA has much more en-
tries than CA (Table H 1,2).

WWWeERANWUBNOO =S WARHONNADLN WD ™M —~W

6. Concludmg Remarks

The method adopted here e1ther for vemcal or
for horizontal diffusion cannot be taken as “very
precise’ in quantitative terms.

As bas already been pointed out, unless all the
* publications of a certain category (say general desk
dictionaries) in a given period can be searched, the
extent of diffusion cannot be determined
specifically. But this is not usually possible.

JISSI ¢ 1(3-4) September - December, 1995

Moreover due to gap in publication dates, two
different terms having different diffusivity may
appear in the same edition simultaneously. Different
sources (except the secondary services) may or may
not-include a topic at a certain period accortling to
policy or other reasoris. So the picture we get may
be fuzzy.

In case of horizontal diffusion, counting the
occurrences from indexes of different secondary
services would give different pictures. Those
indexes prepared from titles would give a largely
different number than those prepared otherwise.
Similarly coverage of periodicals by the concerned

~ services would affect the frequency of recurrence.

But if taken together a definitive picture evolves
out. Moreover, by comparing the frequencies of
occurrences of a term in different secondary services
we can surely gain insights, not only about the
diffusion of the term, growth of literature and spread

- of the concepts but also about the nature of the
~ services themselves.

- Coadic[4] presented a theoretical model of
heuristic diffusion of scientific ideas which is related
to our horizontal diffusion reflecting the growth of
literature which is different from epidemic model
of Goffmann[7].

Study of diffusion processes of technical terms
following the methodology suggested here may lead

" to an understanding of the process of information

dynamics and flow.. Such studies may also shed
light to the social relevance of an idea or a concept
as also the social or cultural status vis-a-vis
academic or technical status.

In the more practical level such a study would
indicate the time when a term (keyword) should be
included in a thesaurus or classification scheme or
IR system or an index of a secondary service.

S K S has been able to develop a means of
finding out a sort of an index for information or
terminological diffusion which may have some
consequences in understanding the process and
using the methodology adopted in this study. That
finding will be reported in future.
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CALL FOR PAPERS

' SIXTH INTERNATIONAL CONFERENCE ON
SCIENTOMETRICS AND INFORMETRICS

To be Held at
THE ISRAEL ACADEMY OF SCIENCES AND HUMANITIES

~ JERUSALEM
JUNE 16-19, 1997

SPONSORED BY :
THE INTERNATIONAL SOCIETY FOR
SCIENTOMETRICS AND INFORMETRICS -

This is the sixth in a series of -increasingly successful biennial conferenices. The previous conferences
were held at the Limburgs Universitair Centrum, Diepenbeek, Belgium; at the University of Western
Ontario, Canada; at the Indian Statistical Institute, Bangalore, India; at the Assoclatton for Science
Studies, Berlin,. Germany, and Rosary Colleoe, River Forest, Illinois.

SCOPE

The scope can be broadly def' ned as those topics which treat in quantitative fashxon the creation, ﬂow
- dissemination, and use of scholarly or substantive information.

Representative, but by no means inclusive, topics are : informetric "laws" and distributions; mathematical
models of communication; citation analyses; theory of document, text and information retrieval;
information and productivity; the quantitative sociology of science and of other substantive information-
based activities; study of aging'and dispersion; application of informetrics to file design, data compression,
etc.; informetric-applications to policy analysis, R&D management, etc.; ...

LOCATION -

The conference will be hosted by the School 6f Library, Archive and Information Studies of the Hebrew
University of Jerusalem. It will be held at The Israel' Academy of Sciences and Humanities. :
Jerusalem is warm but pleasant in June. The conference venue is situated in the most attractive part of

town, next door to th_e_ President's Residence and the Jerusalem Theatre. The Ben-Gurion International
Airport is a 35 minutes drive from Jerusalem.

-We look forward to se'eing you all in Jerusalem in June 1997.
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International Society for Scientometrics and Informetrics
(ISS1)

From 11 to 15 September 1993, the *Fourth
International Conference on Bibliometrics,Infor-
metrics and Scientometrics’ was held in Berlin,
Germany. The meeting, which was dedicated to
the memory of Derek de Solla Price, the founding
father of our field of research, has been a great
success. The fact that it was attended by 189
participants from 33 countries shows that this
emerging scientific field is gaining importance
and worldwide recognition. In order to further
stimulate this development, the program commit-
tee has decided to found the International Society
for Scientometrics and Informetrics (ISSI).

After a period of preparations, the new Soci-
ety was officially founded on 5 October 1994 in
Utrecht, The Netherlands.

ISSI’s goals are the advancement of theory,
method and explanation of the following areas :

I. Quantitative studies of :

- scientific, technological and other scholarly

and substantive information;

- the science of science and technology, social
sciences, arts and humanities;

- generation, diffusion and use of information; -

- information systems, including libraries, ar-
chives and databases.

2. Mathematical, stafistical and computational
modelling and analysis of information proc-
esses.

In order to achieve them, the organization
directs its activities at:

1. Communication and exchange of profes-
sional information;

2. Improving standards, theory and practice in
all areas of the discipline;

3. Education and training;

4. Enhancing the public perception of the disci-
pline.

In recognition of her expertise and dedlcatlon
Dr. Hildrun Kretschmer, organizer of the Berlin
conference, has been chosen 1o be the first presi-
dent of ISSL.

Secretary-treasurer is Dr. C. le Pair, Technol-
ogy Foundation (STW),P.O. Box 3021, 3502 GA
Utrecht, The Netherlands :

Meanwhlle plans for the other International
Conferences took shape

In the following page you will finid an ISSI-
membership application form.

ISSI Membership Information

If you are active in the field of Scientometrics
or Informetrics, you can become a member of the
newly-founded Society. For a membership fee of
$ 20.-, you will recieve early information on ac-
tivities in the field through regularly appearing
newsletters.

In view of the fact that many researchers in
our field live in developing countries, the ISSI
Board has decided on a special, reduced fee of
$ 5.— for people frotn those countries.
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