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Computer Science Journals—An lterated
Citation Analysis

GRAEME HIRST ann NADIA TALENT

Abeteger—Cltation data from the 1975 and 1976 Sowmal Cifanion Be-
party were msed o develop a “computer sclence Impact fector™ fos
eanking “core” journals in compuler schemce. The slarting sl of source
Journals ineluded Commumications of the ACM, Computer, [EEE
Tramserions on Compuirers, and Journal of the Amociation for Com-
puting Mochinery, to which Computer Journal was added in iteration.
The problems and limidatlons of ciiatkon apalysis are discussed and
results are compared with @ provioes analysis [ K, Subremanyam, [EEE
Trane. Prof, Commiun, , vol, PC-1Y9, so. 2, pp, 22-25, Dec. 1976). Li
Brsrlans” use of the resulis shoubd be made i the lght of their own ex-
periener of wser mequinements,

CHOICE oF JOURNALS

F one is to conduct a study of important journals in a pas-
ticular field, one i Immediately faced with this “chicken-
and-2gg” problem: To find citations to identify important
journaks, it % necessary to look in those important journals,
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One cannot identify core computer science journals by analyz-
ing The Jowmal of Experimental Prychology any more than
the [EEE Transactions on Computers can be used to identify
core psychology jourmals,

It is necessary, therefore, 10 take an iterative approach, using
8s & starting point & journal or set of journals which one rea-
gonably believes to be important.  This requires either one’s
own expert knowledge of the field or the opinions of others
known to be expert. The resulis of & citation analyss on this
firai 52t miust be carefully examined in ordar to detect any bias
in the data,

Two types of bias may be present. First, most journals tend
o cite themselves Taidy frequently. The Jowrna! Citation Re-
ports® (JCR™) |2, 3] shows that most joursals cite them.
selves more than they do almost any other journal —in general
about 20 percent of a journal’s references are to itself [2, p.
7.3, p. 7, 4; 5] and that most journals are cited by them-
selves more than they are by almost any other. It s not sur-
prising, therefore, if the jounals used in & core-list study end
up close to the top of the list. If analysis ceased at this point,
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one could demonstrate, using almost any journal A, that 4 is a
core journal in its fleld.

Second, if the journals chosen represent not the core of the
field itself, but rather a subfield (such as numerical methods o
programming languages, in the case of computer science),
then other journals in the same subfield will appear to be more
important than those outside it, for they will be cited mare
fraquently.

Eor these reasons then, one must regard the results of the
first analysis 28 an approximation only—as an initial itzration,
To obtain a better approximation, more iterations must be
performed. Journals which appear to be important in the
results of the initial iteration, but which were not used to gen-
erate i, are taken and citation data derived from them. The
data from this iteration are then merged with those from the
indtial one. It may be decided that further iterations are neces-
sary, or that the data from one or more of the joumals are so
biased that they should be eliminated.

This iterative process should soon converge; after a few iter-
ations, a new one should not substantially change the averall
results. However, even if convergence is achieved, unbiased re-
sults cannol be guaranteed. To see this, we need only consider
the pathological case of a fringe journal that cites paly itself.
If it is chosen as & starting point, the process will converge in
one lteration with the erroneous result that this journal is the
only one that matters. Similarly, it is possible for the process
to converge on what Is essentially a mutually citing set af
journals which represents the core of a subfield but not the
field as 0 whole.

It is therefore necessary for the whole task to be carried out
by, or in collaboration with, someone {personally unbiased, of
course) with enough familiarity with the literature of the feld
to detect whether or not such bias is creeping into the data.

Ome problem lies in the choice of mny journal as the sole
primary journal. In reference [1] the choice was the JEER
Transactions on Computers (IEEE TC). That jounal tends to
emphasize computer hardware, number theory applications in
hardware, and computer applications, ai the expense of other
areas of computer science—which is hardly surprising or inap-
propriate for a journal published by the Institute of Electrical
and Electronics Engineers. Being the only primary journal in
the analysis [1], JEEE TC's selfciting rate was high enough to
give it 3.9 times as many citations as the . second mest-cited
journal, Commumications af the ACM (CACM).

If we were {0 perform an analogous citation analysis, i.e.,
one based only on absolute citation eounts, we would choose
CACM a5 our starting primary joumal. It publishes high qual-
ity research papers which range over a wider area of compuier
science.  However, it is not fully representative of the feld
either; it tends to be biased toward software and theory. To
try to countér-balance this, we would also use JEEE TC, but
not assign to it & dominant position.

A second concern s that the source journals be compatible
and adequately representative of the “core™ of computer sci-
ence. For example, if there is no overlap among the sets of
journals cited by the source journals, then it would seem that
one or more of the latter group is not pointed toward the core.

We do not disagree with the use [1] of Compuring Reviews
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(CR) as a representative secondary journal, although we would
expect it to be mildly biased in favor of obscure fringe journals
rather than core publications. {One of its functions is to draw
attention to jtems that are worthy of note but which might
atherwise be overlooked by most people.) However, we would
also consider the Journal of the Assoctation for Computing
Machinery (JACM), a high quality, wide ranging, theoretical
journal; Computing Surveys, which publishes review articles
concentrating on software and theory; and Compufer, a re-
view-type publication with a bias toward hardware

Also to be considered in developing a core list of journals is
currency. Computer sclence is a rapidly evolving field and
some of its journals are too young to have a substantial history
of cltation (e.g., Artificial Intelligerce and Aeta Informatica).
Moreover, in any field it is to be expected that some journals
will decline in importance over time, just as others will
ascend, Therefore, a study which draws from recent sources is
more timely and useful to librarians.

CITaTioN ANaLyses Is Not ExouaH

“No one criterion used in isolation can give a realistic indi-
cation of the relative importance of journals. Development of
‘zore lists” of journals based on one measure, however sophisti-
cated, is of little use™ [6, p. 370] . We agree completely with
thiz statement, made in 1975 by Subramanyam. The prob-
lems of using the single measure of citation analysis are well
known [4, 7, 8].

We briefly mention three inherent limitations of citation
analysis. The first is well dlustrated by the observation that
the Proceedings of the Cambridge Philosophical Sociery re-
ceived 11 citations in Subramanyam’s data. We located ten of
those 11 eliations, and all were to papers published in the
period 1947 to 1958, Whereas this journal was ence in the
core of computer science, before the advent of many special-
ized journals in the field, it has long since been displaced.

The second general limitation with citation analysis is that
there are many imporiant journals that are not frequently
cited. These include such journals as New Scilentist and Scien-
tific American [7] and others read for news or curment aware-
ness [6] but rarely cited. Below we identify some of these in
compuler science.

The third problem is that citation analysis does not take into
sccount the different sizes of journals: A journal which pub-
lishes more papers will, other things being equal, be cited
more often |6, 7]. The use of a journal’s impact facror 2,3,
6, 7, 9], which is essentially the average number of times each
paper in it is cited, eliminates journal size as a confounding
factor because it is a measure of the journal’s citedness-to-size
ratic,

Subramanyam [6] provides a good review of various meth-
ods for determining core lists of journals and concludes that
none is fully adequate. The methods fall into two classes:
(1) those based on observation of actual use of, and requests
for, the journals in a library: and (2) those, such as citation
analysis, based on data derived from the journals themselves.
The importance of the first class of methods should not be
downplayed, even though it serves mainly as rejector mecha-
nism for unnecessary journals already in the library, rather
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than as an identifier of needed ones that are not there, What
constitutes a core list depends ultimately not on the discipline
but on the library~i.e., on the particular teaching or research
interests of its users. Therefore, Hbrarians should temper any
results derived from methods of the second class with their
own cxperience and the needs and requests of their patrons.
The data we present below must be construed not as some ab-
golute core list which defines the heart of computer sclence
literature, but merely as & starting point from which each
library can develop its own core list.

lwpact Factor, 1974=1975

As noted above, absolute citation counis do not take into ac-
count different journal szes, thus favoring larger journals un-
foirly, We decided, in constructing an approximation fo a core
list based on recent data, to compute o computer scfence im-
pact factor (CEIF) [10]. This is like the JORs impact factor
|2, 3, 7. 9] except that it measures the relutive number
of times that & source article ks cited In the computer sclence
literature rather than in the whols scientifiic literature.

A CSIF is computed thus: A starting set of computer science
journals is taken and & citation count made. For each cited
journal, the number of citations it received is divided by the
number of citable items it published over a certain period. The
result is the CSIF for that period. Since the data were readily
available in the JOR, we locked st citations mede in 1974-
1975 (the most recent years available) and used as the divisor
the total number of citable items published In 1972-1975.
The chodee of this divisor was somewhat arbitrary, and deter-
mined by the available data, but since the CSIF is relative, this
shouldn't matier as long as the divisor is held constant. We ex-
pect the method to be mildly bissed in favor of longer esiab-
lished journals because they have more citsble items before
1972, This bins could have been eliminated by looking only ai
the citations to the years 1972-1975, but only at the expense
of adding another bias, namely, to those journals with a higher
immedizcy index |2, 3, 7] . which are generally those journals
with a higher publication frequency.

This method depends, like abaolute citation counting, on the
starting set of journals and, similarly, it can and should be iter-
ated to compensate for this. 1t also inherits from citation anal-
yisis the problem that journmals which are no longer core
journals will have deceptively high C51Fs dug to the continu-
ing citation of their old papers. This is often spparent from
the JCR data; otherwise o knowledge of the literature of the
discipline can be used to get around this problem.

We took our citatlon dats from the JCR, which does not
usually report journals that a citing journal cites less than six
times in one year, This should be kept in mind when looking
at our results. Because of this, some data which should have
been Included have not been. Howewer, this does not affect
major trends in the results,

Commurications of the ACH (CACM)

Computer

IEEE Transactions on Computers (JEEE TC)

Journal of the Association for Computing
Machinery { JACM)
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Unfortunately, Compurer was not covered in the 1976 JCR.
Compuring Surveys, which we would have liked to include,
was not covered In either vear. In some cases where the JCR
did not give the number of source items for a journal, we were
able to obtain this datum by checking the journal itself.
Where this wasn't possible, 2 CSIF couldn®t be calculated.

When we looked ai the resulis of using this journal set, we
found there were many jourmals that were cited by [EEE
T and not by the others. This could be explained by the fact
that it is a larger joumal, and therefore it is more likely that
some fringe journals—-but not the smaller joumnals—will be
clted in FEEE TC dx or more times, To be sure, we performed
another [teration with Computer Journal (Comp J), which was
the highest ranking gemeral journal in the results of the previ-
ous iteration. This added & few new journals to the bottom of
the list, including the Computer Jowmal's sister publication,
Computer Bullerin, However, we appeared to have reached s
reasonable convergence, Since our initial set of journals was
large, it is not surprising this happened so soon. The results
can be secn in Table 1.

Dascussion

In Table | the CSIFs fall rapidly. Omly 21 journals had a
CSIF greater than 0.05, below which level 3 journal cannot
be said to have much impact. (This point is indicated by a
horizontal line in the table.) Journals that fall below this level
iend to be journals that are important in computer science ap-
plicarion fields, rather than in computer science per se. Unsur-
prisingly, these ended to be cited only by fEEE TC.

We submit the journals listed above the line in Table 1 as an
approximation to a computer science journal core lst, subject
to consideration of the additions we make in the following sec-
tion, This Mst should be interpreted by users in the Hght of
their own library experience and journals below the line in
Table 1 should be considered by libraries where there §s Inter-
est in the applications they represent,

SURVEYS AND OPINIONS

We have seen that there are many reasons why an important
journal may not appear to be important in the results of some
forms of citation analysis, In this section we Identify some of
these joumnals in computér science; we rely on our own expe-
rience and the opinions of others.

To obtain these opinions, we compiled an informal survey
that was sent to 26 faculty and graduate students in the De-
partment of Computer Science and the academic section of
the Computer Centre at the Australian Natlonal University,
The survey took the form of a tentative core list 1o which re-
spondents were asked to add (or delete) jowrnals, To test re-
sponse reliability, some important journals were omitted from
the list and some obscure or lrrelevant ones were included.

Only 17 responsss were recelved and they were somewhat
disappointing in that many people were loathe o delete any
journal from the list. However, there were some consistent
trends and we took account of these. In Table IT we present a
supplementary list of journals which we feel should be held, or
at least seriously considered, by any library serving computer
science. For each journal, we have given a brief statement on
why we are including it.
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TAHLE |
Numnrn oF CrraTions asn CarcviaTen CaMpuTER Scieses [Mract Facton (CSIF) ron Tecwsscal JoUmnMas aup PlsiIcATIONS
k= - - L
Citimg Jowrnal
1¥72=15%75 Fank
Cowi- Soarce in
Rank Cibed Foumsl IEEETC CACM JACMW  purr CompJt  Toml Tt CBIF Red. [1]
i FEEE Transacifony on
Crmpiirers 931 7 1E E 1] [ 1031 &5 1.58 i
2 Sowarsiad of the ARbocialion
for Coumputing Machinery 85 63 119 8 38 113 16 1.45 3
3 Corrtismica towi of tee ACH 718 134 54 T 138 611 5H6 1.16 1
d Mackimwe Inrelligence —(n) 7 21 = 1 18 25 1.12(k) &0
P Computing Surveps 7 18 = £ 11 36 44 0.2
é TBM Syttemi Journal 15 17 11 10 2 &1 L] 0.8 4
7 LCamputer fowrnal i bl | 7 - 153 13 302 0, [
B Infarmation ard Cosirol 6 it 33 - i1 &6 281 .31 9
L JEM Jouirrad of Besearch
ard Developiment 1 - - = 11 2] ]| 028 135
10 Astificial fnrelligence = & = = 12 54 0222
11 Fartern Recognition n - - - - n L1 .20 138
12 TEER Tramsacilons on
Informadion Theory T - - - . 70 41 0.205 7.5
11 Numerische Mathemank - 12 19 - 17 £ 1 58 0. 188 4
14 SEAMN Jourmal on Computing - - 18 - - 18 131 0.14%8
15 Bl Syirem Techmical
Jewarral aa [} - 9 - 47 401 11y 17
16 Ciperations Revesrch 3 15 1n - - 52 447 0116
17 Jeurres! of Computer and
Syriem Sciencer g - 9 - = 18 158 oLiid 1%
18 BT (e} - 11 & - - 17 216 o0Te 13
19 Provesdings of the [EEE £ - - - = 53 716 0074 10
20 FEEE Transections on
Acousties, Spesch, and
Stgral Processing 13 = - - - L 314 073 15
i1 Phitips Research Reporis 13 = - - - 13 182 0071
12 TEEE Epectrum 19 = = - = 19 186 {.049 54
23 Mapogement Sclevice - - 7 - - 7 563 0.048 64
4 SrAM Fourngl an Nimevical
Anafysis = 7 [; - - 13 0% 0.042 5
25 FPrychometrika & = - - - ] 148 ¥
6 TEEFR Trantacitons om
Systems, Man, and
Cybermetics 3 - - - - 9 262 0034 6.5
v Journal of Symbolle Logle - - T e - 7 114 (31
| Mathemarics of Comipatation - 7 - - L] 13 414 a3l 45.5
28 Apnerican Jowrnal of Mathennartics ] - - o = L] 208 D29 [
b Computer (h) . = = & - 6 217 0028 54
a0 Jeurm! of the Franklin
" fnditiore ? - = - - 7 296 0024 0.5
dourral of the Opical
smnq'rummh 15 - - 6 - 1 w15 0.013
EF American Mathemarical
Mamth & - [ - - 12 585 0021 3335
13 Da e 7 £ = = 1 344 Q.00 11.5
14 Elecironies Letierd an - - - - 30 1713 LO1E E] S
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TABLE I {Continued)

——————ee——
Citing Journal
1971-1975 Renk
Cam- Soarce in

Rank Cited Jaurnal IEEETC CACM JACM  puter Compt Todal Tteens CSIF Rel [1]

54 Applied Opiics 3 - - - - | 1730 0.018

EL] JEEE Travnsections on

Circilis ard Systems - - 7 = - 1 453 0.01% 20.5

35 TEEE Transections on

Communicanians 13 - - = = 13 Bad 0.015 kL
36 STAM Taurnal on Applied
Markemanics ] - - - - & 506 .01 &5

37 Annaly of Mathematier ] - - - - ] 617 Qo0

k] Electronicr - - - 12 - 12 1304 0009 L

k3 Bulletin de I'dcodemie

Folomaiie der Sclemcer

Series der Sclences,

Mothemaiiques, Armo-

rowmigues ¢F Plyveigues - - - 7 - 1 BOT 0008
i Journal of Theorenical . : =l

Blodagy - - - - 009
1] Proceedingy of the Tzt

tution af Elet trical

Engineers |Lamdan] ] - - - - ] 960 {008 64
44 Transzctions of the American

Marhematical Sociery b ] - - - - 9 1432 LINEE ]

4] Optics Commumicarions 5 - - & 1233 0,008 '
Computer Bullerin (d) = - - - 13 a3 3] 15
Sipmiero Newslerter 18 5 - = - 18 e}

Programming Languages - 10 - - 3 16 &)
ELE Systems Engineering if) - = - 9 r § ie)
Electronic Denign &= - = 8 -~ 9 =)
fnformaiion Procesing (g) - B - - - & {e)
Compueter Dexign - = p 7 - 7 {e)
Acta Informeiics - ] - - - ] izl
Stgplar Mioricer - & - = - 1 ie)

Subiagal 1673 5Th 404 163 413 3341 11892 0142

Al odker references 1775 1014 612 393 EA L] 4622

Total 1448 1554 1026 558 1245 TBET

{a) — Inslicates that the datum did nat appear in the JCR, and that ihemefare the number of citations i |ess tham slx,

(b} This figure s deceptively high becanse Machine fareilipence did not appear in 1973=1975, [ it heed heen pubbished in those vears with the
same number of source items each vear as In 1972, namely 15, it would still have o relatively high CSIF of 0,280, even if these hypotheticsl issaes
were never clted, This publication slis o the intersection of journals, conference proceediegs, and monagreph series.

(ch Abso knowe as Nontel Frdekalft for M formation-Seharedling,
r:h{-ligh‘ll'l!lllJn:n.lni':nil changed in Seprember 1974 from manthly 1o quartedly publication, with an accompanying chenge in format; these dats refer o

e ald weries.

{2} The number of somree ems was not availlable for this journal; Bence it was no1 possible o compite a CSIF for it

(f) We have not been ahle 1o identify this journal.

(8] This protably refems to faformanion Processimg and Managensens,

() Previously [EEE Compurer Group News
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TARLE 11
SiEsTED ADDITIONS To TaE CosE List

_— == = — —

Acte Informatica A young, quality, theoretical joarnal. “A mist,”
commseniod one sarvey respondent.

ACM Transscrions on Dytebase Spatems A pew jourmal published by
ACM, likely to be importand in its fisld

ACM Trawssc tions on Mathemarical Sofrware A new journal pabdished
by ACM, [faly to be important In His Geld,

Compiiter A journal of review and tutorkal papers, mostly |5 handware
and applicaticns.

Compating Reviews Publihes abstracts and short reviews of current
coanpiites science Hierature,

Datemation Provides curreni swereness on commescial applicatians
and products. “To memind acodemics of how bad the real world is,”
said cne sarvey respondent.

Electrontcs  Provides currend awareness on compuier hardware divel-
oRmEniz.

FEEE Transactions on Softwars Enpineering A new journal, frequently
menticned by survey respondenis

nformation  Processing Leffers Frequently mentiomed by survey
neipondents.

Journal of the Inatiite of Mathematics and i Applcation Many re-
spondents mentioned this journal, slthough that may reflect the bias
of local imterests.

dournal of Opriviization and Applicarion Many respondents men-
tioned this, although that msy refles) the bias of bocal inferests.

Maragewment Scfence  This had a relatively high CSIF, and was aliowed
by mosl survey respandenis,

Mathematical Programmilag Many respondenis mentioned this, al-
though that mey reflec) the bias of local injeesis

Methematics of Computation  This had & relatively high CSIF, and was
allowed by most servey cespondents,

.Tﬂﬂu;;ve-?m:m and Experience Mentioned by seversl survey re-

ENLIA,

I S1G and SIC publications] These were mentioned by several

Survey respondents.  Most provide pood currenl awatemess [or news

and evenrs in their particulir compuier science sishfald,

[Locsl eomputer society journal] In many pleces the local chaprer of
the national computer soeiety publishes 2 newsdetier, wiich wouald ke
uselul for awareness of current events, mestings, #1c.

|Local trade joumnal] In most cowntries, local fewEpapers o joumnals
are puhlished for the compurer industry. These are mseful far current

SuMMARY

We have shown the problems inherent in core list construe-
tion and how some may be solved, and have provided a new
approximation to a core list for computer science. We siress
the word “approximation” throughout this paper; the most
important point we make is that it is the librarians who must
continue to make the final judgments for their own librarias.
Computational methods can only produce data to assist -
brarians in decision making: they cannot make the decisions
for them.
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