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Summary

Empirical indicators about time distribution and heolescence” of cited
references are retrieved from doctoral dissertagian Information Science
from 1978 to 2007 at Croatian universities. Clustémost cited authors who
are recognized as key authors for Information Smeparadigm is gained from
citation and co-citation analysis. Domination ofe#ie authors constitutes
“conceptual knowledge zone” which is placed accogdto time distribution at
the end of axes of obsolescence of cited literatiseopposed to that, research
front, which is the period of most intensive resbaactivity, is placed in the
first time quarter (from zero to four years oldeddtliterature), and there are
10% of most cited authors. Our research followsnsitiof researcher from
research front to zone of paradigmatic knowledggpdihesis is that new
authors who enter conceptual knowledge zone suppoéd’ authors; so it can
be concluded that incomers in conceptual knowlextyee are holders of new
theoretical approaches and solutions for new proide Duration and
importance of “old” authors ensure paradigm and tmeds for solution of
“old” problems, respectively for the production gfofessional papers and
traditions of profession.
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Introduction

At the beginning of 1960’'s E. Garfield and Irving Bher defined ,journal

impact factor* as a criterion for journals selentifmr Science Citation Index,
which Institute for Scientific Information (ISI) iRhiladelphia began publishing
in 1961. Since then, the impact factor has become af the basic, most
prevailing and most used criterion in the InforraatScience for the evaluation
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of scientific journals and scientific papers. Aftdrat strong pressure on
researchers, scientific journals and scientifictifaes begins, because their
“effectiveness” and relevance in scientific comntynis determined by
measuring impact factor and journal citation fregye Entire scientific
community lives under pressure that they have tocibed in the shortest
possible time, because impact factor became kdgriom for promotion of
scientists, evaluation of scientific institutesiaincing of scientific journa]Is

On the other hand, the research of scientific agraknt ie. "maps of sciences"
and "cognitive structures of science" display aedognise the most cited
authors in sciences and scientific disciplines ay kuthors in prevailing
scientific paradignfs Paradox is that the Information Science has ratmine
relationships between first and second group ofhast research front
determined by impact factor, ie. speed of citabarone side, and continuity of
dominant authors in certain scientific paradigm,tioe other side. Our interest
is to explore this relationships and alteratiorside first and second group of
authors respectively within “research front” andorie of conceptual
knowledge”.

Research is done on 134 doctoral dissertationsniarrhation Science at
Croatian universities from 1978 to 20a7. Pesari¢, 2009)°

About constants in scientific communication and abat differences in

communications models

In another research, we explored, by citation aisly features of
communication models that are dominant in scientfommunication (M.
Tudman,b. Pe&ari¢, 2009.). The corpus of 22,210 cited bibliograpimnts is

analyzed. On the basis of citation frequency according e age of cited

! See E. Garfield, 2006.; Respectively, M. 30§2005.) ,Fundamentally, impact factor riatio
between citations and recent citable items pubdishéhe same period.”

2 Overview of those research are in H.D. White i KM¢&Cain (1998)

% In the period from 1978 to 2007 at Croatian uniiiess 134 doctoral dissertations were done in
seven different Information Science disciplines:i@@brarianship, 21 in information science, 53
in information systems, 22 in communicology, 9 inuseology, 8 in archivistics and
documentation, 1 in lexicography. The majority ottbral dissertations were made at the Faculty
of Organization and Informatics in Varazdin (FOIBS, followed by the Faculty of Humanities
and Social Sciences in Zagreb — 49 doctoral desents. According to the periods of production:
21 doctoral dissertations were made until 1989d6é&oral dissertations from 1990 to 1999; 51
doctoral dissertations from 2000 to 2007

4 From total number of citation (22,210), there &7178 cited units with authors, that is, the
total number of cited authors is 10,683. There8a286 (77.65%) authors that are cited just once,
and 2,387 or 22.34% of authors are cited more timee. Those 2,387 authors, that are cited more
than once, hold 51.71% of citation. The rule thatreall number of authors are often cited repeats
again: 451 authors that are cited 5 or more tinmg B3.61% of citations; 118 authors that are
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literature we determined existence of constant diergific communication
models.

Communication modehas several unchangeable characteristics. Regardie
the variable used (citation frequency, self-citasio citations according to
languages or distribution of citation that are aitenly once) citation
distribution curve is always the same or similahnisTis also confirmed when
the data are fragmented according to scientificipli:ie, as well as time
periods or faculties on which doctoral dissertagiare made.

Second, when we know cited half-lifé2), period in which 50% of documents
are cited, then first 25% of documents are citetil balf of cited half-life ¢/4).

In time periodt/4 maximum frequency from overall number of cited loents
is reached. Therefore, citation curve has log-nbdistribution, with maximum
in time period/4.

Third, perceived regularity is that in time peribetweent/2 andt, i.e. second
time period of cited half-life, following 30% of daments are cited. After
double cited half-life - in which 80% of documemt®e cited, the last 20% of
documents are cited. For those documents, agesotcdmn statistically
predicted’

Based on previously described regularity we couldeniify three
communication zones based on nature of citatiogaisSBhese zones are shown
in table 1.

We named the first zorempirical knowledge zoné which is sequential and
extends through entire communication process. Ztige consists of citations
of authors and documents that are cited only ombé&s group holds 60% of
citations. Their distribution is equally distribdtend presented during entire
communication process.

Second zone is namedsearch front zoneand it is placed in communication
space and time that we marked t&. In time t/4 first 25% authors and
documents are cited. In this period maximum freguesf overall document’s
citation is reached. Attendance and citation ohard in research front zone
implicate their understanding of problem and comitaiion with everyone in
their surroundings relevant for the problem. Thesthe space of authors
bidirectional communications in which empirical as@hceptual knowledge are

cited 10 or more times hold 11.71% of citationss29 most cited authors hold 5% of citations,
that is, first 49 authors hold 7% of citations (Midman,b. P&ari¢, 2009.)

5 See R. Vrana (2003.)
6 See M. Tdman,b. Peari¢, 2009.

" Basic concept comes from Capurro’s (2006) definitd empirical knowledge: it is information
that is the result of the process of selectionommunication process. The documents and authors
that are cited only once have value as empiricaheoretical information. Since these citations
are used only once, we assumed that their valonis empirical than conceptual.
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being overlapped, compressed and reinterpretedhénnature of research
activities, it is typical that research time is ghofrom document citation half-
time, although scientific, formal and informal commnication can last much
longer.

We named third zoneonceptual knowledge zoneThe most cited authors are
in this zone, obviously because of their influentes logical that influence is
bigger as it is more permanent. And that is whyg ot strange that the age of
cited literature of the most cited authors is oltlen citation half-live. Kuhn
thesi$ implicates that the most cited authors are citéaharily for referencing
on dominant theories, for solutions of scientifimlgems. Referencing on
mutual scientific paradigm, which is defined by luitial scientist, binds
members of certain communication community.

Table 1. Citation frequency and knowledge zones.
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Authors alterations in conceptual knowledge zone
In table 2, 45 most cited authors in InformationeSce from 1978 to 208are
displayed. If we know that half-time of cited docemts is 7.5 yeal3it can be

8 See Kuhn, T. 1999.

® Table 2 shows authors that are cited 14 or maredti In the right top corner of the table authors
cited in foreign languages are shown. Authors cite@roatian language are shown in the left
bottom corner of the table. In the bottom rightremarof the table there are publications that are
published in SFRJ, but outside of Croatia.

10 Certain differences exist according to the typeitsfdcdocuments: for monographs’ cited half-
life is 9.1 years, for journals it is 7.2 yearsdafor semi-publications it is 9.3 years. The
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concluded that the most frequently cited authors #rose whose cited
publications are from 7.5 to 30 years old.

Since we are interested in the relationship betwaaghors in research front
zone and conceptual knowledge zone, primarily weeht establish how
authors’ alteration in conceptual knowledge zoneuck That is why we
analyzed the most cited authors according to periofl development of
Information Science in Croatia from 1978 to 200fe Tata are compared with
several criteria: according to Information Sciemnligciplines and according to
faculties on which doctoral dissertations are manehis paper we give only
basic determinants, in order to indicate trends tanchake conclusion about
authors’ alteration, if it exists, in the conceptiki@owledge zone.

Table 2: The 45 most cited authors in Informatmence from 1978 to 2007.
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Avarage age of cited literature
Table 2 displays 45 most cited authors in InforpratScience from 1978 to
2007 in 134 doctoral dissertations. Clearly, trspldiy of the most cited authors
according to disciplines, or according to time pési, will be different than it is

difference exists also among disciplines. The ssbrtited half-life is in information systems 5.9
years, and the longest in museology 12.6 years.ifformation science it is 7.1 years, for
librarianship it is 7.8 years, for communicology i 8.5 years, and for archivistics and
documentation it is 8.6 years.
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shown in table 2. Yet our interest is not in citedhors, but in regularity upon
which authors’ alteration in certain knowledge ztwa@pens.

This paper will discuss primarily the differencesatt occur during three
different time periodS. Time periods are arbitrarily divided into 10-year
periods. In the first period (from 1978 to 1989}, &ithors out of the 45 most
cited authors are cited. It is important to noticat these 31 most cited authors’
hold 6.28% citations from overall number of citedcdments in that period.
Since most citations are older than 7.5 years,eiams that those authors hold
more than 10% of the citation in second part aéctibalf-life”. In this period
first 7 the most cited authors are: P. Novosel Garfield, J. Benes, A. |
Mihailov, J.Dordevi¢, A. Bauer, B. Tezak.

Tabel 3: 45 most cited authors according to periods
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In the second period (from 1990 to 1999), 44 outhef 45 most cited authors
are cited. Even 8.19% citations from all citatiorthis period are held by these
44 authors, i.e. 0.9% authors out of 5094 authibesl én second period. Since
most citations are cited in second part of citatibsolescence half-life it means
that 44 authors hold almost 15% of citation. Firgf the most cited authors in

this period are: V. Sta, P. P. Klasinc, Z. Z. Stransky, P. Novosel, JitiaM.
Tudman, V. Ziljak.

1L Al of the following data are fror®. Pesari¢ (2009, manuscript)

121n this period (1978.-1989.) overall number oéditauthors is 1952, out of which 1582 authors
are cited only once, which means that from overaihber of cited authors 1.6% (from 31 most
cited authors) of authors hold 6.28% of citation.
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In the third period (from 2000 to 2007), 39 out4&fthe most cited authors are
cited. Those 39 authors from overall of 4611 awghoited in third period hold
4.28% citations from overall number of citation. Ase majority of these
authors are cited in the second part of citatiosptgscence half-life, we can see
again that a small number of authors, 0.8% of tlestnited authors, hold 8%
of citation in the second part of citation obsotegm®e half-life. First 7 of the
most cited authors in this period are: J. tdsazi¢, M. Plenkové, M. Tudman,
S. Lubetzky, M. Gorman, R. Zelenika, E. Verona.

Authors’ space and placement in conceptual knovdedgne are neither
constant nor lasting. In analyzed range of 30 yemany 22 authors out of 45 of
the most cited authors are cited in all three plsrid’his means that 50% of
authors are not cited in all periods. In the fpetiod, 31 out of 45 authors are
cited, i.e. 14 authors are not cited, some of wtdok among the most cited
authors in following periods (e.g. P. Klasinc, laMevt, J. Last-Lazi¢, V.
Ziljak, N. Prelog). In the second period, 44 out4&f most cited authors are
cited. And in the third period, among 34 cited aushthere are not present 11
authors, some of which are founders of Informataience (such as J. Martin,
J. Shera, B. C. Brookes, A. Bauer, A. |. Mihail®:, Tezak, D. J. Foskett, S.
Dobrent).

These quantitative determinants cannot be the fatiomd for taking qualitative
conclusions, because data can be re-arranged aegooddifferent criteria. For
us it can be interesting to know which of 45 of thest cited authors are cited
in doctoral dissertations from different discipbnén Information Sciences.
Only one author (M. Tdman) is cited in all seven disciplines; six auth@rs
Ziljak, T. Sargevi¢, J. Last-Lazi¢, N. Prelog, N. J. Belkin, and B. Petz) are
cited in five disciplines. Ten authors are citedfanr disciplines, while five
authors are cited in three different disciplinesnfining 23 out of 45 the most
cited authors are cited in one or two disciplines.

These data alone indicate that neither authorstitig”, i.e. their presence in all
three periods, nor citation frequency are suffici@rgument for evaluation of
certain authors influence. The same rule appliegadithors’ citation in different
Information Science disciplines. In fact, the moiséd authors are not cited in
all disciplines; authors that are cited in mostcgibnes are not cited in all
periods. Exactly this authors’ “vicissitude” is whae want to detect and
describe.

Researchers, Scholars and Predecessors

Table 4 shows 22 out of 45 most cited authors dnatcited through all three
periods. When the data are analyzed accordingeémge age of cited literature
within certain period, it can be concluded thatrg\analyzed period consists of
three time zones. This can be illustrated by follmrexamples.



INFuture2007: “Digital Information and Heritage”

Predecessors’ time

In all three periods after the obsolescence ofdciierature in time tj i.e.
double half-life of citation obsolescence, whichls years for our corpus of
cited literature, the authors highly relevant floe development of Information
Science are cited. The fact that they are presedtcited after the time of
obsolescence of cited literature gives us rigldaibthis group ‘predecessors of
Information Science’.

It is clear that group of authors that belong tedecessors are not the same
from one period to the next, in spite of the fdettthere is often overlapping.
Therefore, in the first period the following authdoelong to this group: E.
Garfield, A. Bauer, F. W. Lancaster, Z. Z. StrangkiVerona, S. Lubetzky, B.
C. Vickery, D. de S. Price.

In the second period 13 authors belong to the gofygredecessors, of which
the “oldest” according to citations are: E. VerobDade S. Price, J. H. Shera, S.
Lubetzky, A. Bauer, B. C. Vickery, E. Garfield, etc

In the third period 11 authors (from 34 most cigedhors) belong to the group
of predecessors, among which the “oldest” accordimgcitations are: S.
Lubetzky, D. de S. Price, Z. Z. Stranski, E. Verasta.

Table 4: Authors cited through three periods adogrdo average age of cited
literature in certain period.

Average age of cited literature
Author Period from Period from Period from
1978 to 1989 1990 to 1999 2000 to 2007

1 | Price,D.J.de S 19 23 38
2 | Vickery, B.C. 17 21 6
3 | Lubetzky, S. 17 22 39
4 | Verona, E. 15 27 31
5 | Stransky, Z.Z. 14 14 37
6 | Lancaster, F.W. 13 13 21
7 | Garfield, E. 13 21 21
8 | Gorman, M. 10 8 12
9 | Eco, U. 10 14 24
10 | bordevi¢, J. 9 16 23
11 | Novosel, P. 8 11 8
12 | Vreg, F. 8 12 13
13 | Belkin, N.J. 8 11 14
14 | Saraevic, T. 8 13 17
15| Sria, V. 7 6 11
16 | Plenkow, M. 7 8 13
17 | Line, M.B. 7 9 14
18 | Petz, B. 5 10 4
19 | Sola, T. 4 5 9
20 | Brumec, J. 2 3 7
21 | Tuiman, M. 2 9 11
22 | Krzak, M. 0 10 14
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Time of researchers

In every period authors whose publications areotaer than cited half-life (in
our corpus a half-life of citation obsolescencé&.is years) can be found. We
recognize this time as time of research, and thkoasi in this period as the
group of most cited researchers. This period coatdil authors that we
recognized as the group of researchers, from dvafr8ll most cited authors in
this period. The youngest citations of authorsiarthis group: M. Krzak, M.
Tudman, J. Brumec, T. Sola, etc.

In the second period, the group of researchers,thi@ most cited authors
according to half-life of citation obsolescencensists of 11 researchers also,
and the youngest are (in sequential order): J. BoyrW. Lamza, T. Sola, V.
Topolovec, V. Ska, etc.

In the third period, the group of researchers ciasaf 8 out of 34 most cited
authors: Q. L. Burrell, R. Zelenika, B. Petz, CBargman, J. LasiLazi¢, etc.

It is clear from these indicators alone that theugr of authors in “time of
researchers” can only be formally determined. Faremprofound content
analyses it is necessary to determine if the astlae cited really new
publications or just new translations or reprirtsld publications.

Time of scholars

On time scale between time of researchers and dinpgedecessors, which is
between citation half-life and life of literatureabsolescence, third group of
authors, which we named scholdrss positioned Authors that belong to the
group of scholars in three analyzed periods carebegnized in table 4. It is
visible that alterations of authors do not happaly érom one period to the
next, but from one group of authors to the nextally, path of scholars goes
from researchers to the group of scholars in otdegnd up in the group of
predecessors that future researchers and schalbrsfer to.

Conclusion

With analysis of cited bibliographic referencesnfrd34 doctoral dissertation
made in Croatian universities from 1978 to 200%es&® zones in scientific
communication are recognized. Three zones are pemig present: empirical
knowledge zone, conceptual knowledge zone and nasé&aowledge zone. In
this paper particularly is discussed authors’ ietehip between research
knowledge zone and conceptual knowledge zone. Véatifg, by citation
frequency and percentage in overall number of ioitatwhich authors are
dominant in conceptual knowledge zone. In additiea,identify alterations of
dominant authors in conceptual knowledge zone. i@e Bixis determined by
the age of cited literature, we identify three grewf authors in conceptual

13scholar — in the authentic meaning of the wordk & person who has improved knowledge, a
learned person, scientist. (AnR003.)
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knowledge zone. According to chronological ordenstfigroup of authors
consists of predecessors, i.e. those authors thetege scholars and
researchers. Publications of those authors are lynadtler than double
obsolescence half-life of cited literature. Theosebgroup consists of scholars,
i.e. authors whose publications are most citedeirog between cited half-life
and time of knowledge obsolescence. The third gr@iuputhors consists of
researchers, i.e. authors that are most cited owlatdge obsolescence half-
life’*. Based on empirical data it can be concludedtti@influence of certain
authors from researchers via scholars to predesedgses not depend on the
publication obsolescence time, but on the sequehtactors that were not the
topic of our analysis. We identify three differgmoups of authors in conceptual
knowledge zone, as well as regularities i.e. whyne@uthors can occur in a
certain group, but not necessarily in all groupat tive identified in this
analysis. Just by looking at the titles of mosedaitauthors in conceptual
knowledge zone we can confirm Kuhn’s hypothesisuailscientific paradigms
that “incomers” suppress “old” authors, regardiese/hether they work on old
scientific problems in a new way or they deal wigw problems. In this paper
this hypothesis is shown only by quantitative iadiics on alteration of authors
in described zones. Only qualitative analysis @f plublications of most cited
authors would prove our hypothesis completely.
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