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Abstract — The effect of the inclusion of a journal into the SCI source journals selec-
tion on the journal’s “visibility” was studied by analyzing the number of independent
citations of the articles published in two journals (Croatica Chemica Acta (CCA) and
Roczniki Chemii (RC)) in two periods. The “echo factor,” i.e. the citation count nor-
malized by the size of CCA and RC publication source pools and of SCI citing pool,
did not show any increase upon the inclusion of either of the two journals into SCI selec-
tion: for CCA it even showed a decrease and for RC remained essentially constant. A
statistically significant increase in the SCI citing pool, that took place around 1976, was
also noticed.

INTRODUCTION

The most important role of journals published by (geopolitically) small scientific commu-
nities is to establish communication ties with the world’s scientific endeavor. For the
learned societies of such peripheral science (for the meaning of this term see [1] and [2])
to foster this role of their journals means getting them into the mainstream of scientific
information. Before the appearance of the Science Citation Index (SCI) [3] the abstract-
ing services were almost the only channels through which such a role of “small” journals
could be accomplished. The additional advantage of SCI is two-fold: (i) it is searchable
from an interdisciplinary point of view [4,5], and (ii) it records, through the citations, even
those papers that may have been published in journals not included in the SCI selection
for regular processing [6].

However, it is a common-sense reasoning that more citations will be recorded of arti-
cles from a journal once it is selected for regular processing in SCI. This notion is so wide-
spread within the peripheral science that the editors have a hard time squeezing their
journals into SCI.

It therefore seemed worthwhile to do a piece of research on whether a journal becomes
more “visible” upon its acceptance for regular processing in SCI. With that formulation
of the research task we are within the realm of scientific information field per se. The other
side of the coin is that the results of this line of research may give additional insight into
the soundness of citation analysis when used in science-of-science studies of the peripheral
science [2,7].

METHOD

Choice of journals
From 1961 till 1963, i.e., within the first three years of the SCI’s existence, no Yugos-
lav journals were included among some 600 journals in the SCI selection. In 1964, some
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700 journals were being processed by SCI and Croatica Chemica Acta (CCA — formerly
Arhiv Za Kemiju) was included among them.

In looking for a comparable journal from another country we opted for Roczniki
Chemii (RC) from Poland, included in SCI since 1964, too. Both journals were reasonably
“seasoned” by the time they were included in SCI: CCA had been published since 1927
(with its present title and editorial style since 1956), and RC since 1921. Both of them had
been edited according to international standards.

Source volumes

The main difference in publishing terms between CCA and RC is the number of pages
per each volume/year: the latter was about three times as voluminous as CCA. That is the
reason we used three years before (1961-1963) and after (1972-1974) its inclusion in SCI
(1964) for CCA, whereas only one year (1964 and 1975, respectively) was sufficient for RC.
(For number of papers in each case see Table 1.)

Citation periods

The first period of citation we call the “dynamic” one, because the SCI database
expanded within it from some 600 to 2500 journals. The citation data from that period,
i.e. for papers published before the journal had been included into the SCI database,
served for comparison with the citation rates in the second, “steady-state” period while SCI
maintained an almost constant database (with a very slow increase) and the journal had
already been included in SCI.

Citation types

We are not interested here in the disputes about the meaning of citations (the inter-
ested reader may consult yet another contribution to this “field” [2]). The reason for such
a stand is that, whatever the origins and the consequences of citation practices might be,
we are interested here only in the visibility of (peripheral) journals through the SCI as a
communication means of the contemporary science information system.

However, it is desirable to exclude at least one type of citations that cannot be
regarded to be due to SCI itself, and that is the so-called self-citation. What is recorded
and discussed here are independent citations.

The latter comprise all citations from any journal (in the SCI database) except: (a)
citations from either CCA or RC, and (b) citations from the papers having one or more
authors in common with the source article. The latter restriction was possible to observe
more stringently in the case of CCA than for RC.

Namely, the “self-citations” may be defined in several ways [8]. In this study we dis-
criminated against the following types of self-citations:

(i) citations by first authors who were also authors or co-authors of the source article

(ii) “hidden” self-citations that were established upon inspection of the corresponding
source index of SCI, namely whether any of the co-authors of the citing article
(i.e., not only the first one) was a co-author of the source (cited) paper

(iii) citations by authors publishing papers with the members of the research group
with which the author of the cited paper publishes, too, although none of the
authors or co-authors of the cited article and the citing one are identical

(iv) citations from papers published by the source journals (CCA and RC)

Although all the four kinds of self-citations were excluded for CCA, it has not been
possible to exclude type iii for RC. However, bearing in mind that we compare two peri-
ods of citations collected in exactly the same manner (though differently for CCA and RC),
this point should have little or no influence in drawing the final conclusions.

An overview of the number of source papers, the altogether cited papers and the num-
ber of independently cited ones is given in Table 1.
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Table 1. The basic data: number of papers published, cited (in total) and cited only independently

Publishing year

CCA RC
1961-1963 1972-1974 1964 1975
Papers published 117 169 250 267
Cited papers (in total) 92 136 162 217
Independently cited papers 61 96 103 159
Period of citation 1961-1969 1972-1980 1964-1974 1975-1984

Errors due to SCI [4]

The accidental errors were quite numerous, originating in incorrect references given
by the authors in the source articles processed by SCI, or being due to misprinting in SCI.
They were mostly eliminated in the course of recording the data for this study, such as the
names of the authors (when given only surnames and/or surnames plus one or more ini-
tials, or with incorrect initials). Out of 286 articles (for CCA) there were 21 articles requir-
ing a later, more elaborate correcting procedure: most frequently the pagination was wrong
(11 cases), volume or year (6), page, volume, and year (2), and changed order of the co-
authors (2). The incorrect year could influence mostly this type of study—if the year
recorded was outside (i.e. not within) the chosen citing period, the citation could not be
taken into account, It is not known how many of such errors may have crept in altogether,
but some of the citations of that type discovered later were incorporated in the overall data.

The systematic errors in SCI are two-fold: (a) the well-known problem of recording
only the first author of the citing paper (we resorted, as already mentioned, to the source
index in looking for self-citations), and (b) the choice of the journals for the SCI database.
Although the latter point is of interest in other respects, especially concerning the peripheral
science, it is not expected that any fluctuation in the SCI selection of journals could intro-
duce serious errors into this type of study.

Let us point out that we are comparing the citations from two periods. Hence, what-
ever errors may have crept in it is reasonable to expect that substantial differences in the
contributions of each type of error in such a comparison are most unlikely. The figures
given for the accidental errors suggest that the uncertainty introduced by both kinds of
errors is of the order of 10%. Neither can one expect that the citation practices could have
drastically changed within the investigated period.

Normalisation of data
For lack of any accepted citing theory, and of convincing evidence to the contrary of
the initial hypothesis, we made the following assumptions:

a. Within about 20 years encompassed by the present study, there was no substan-
tial alteration of citation motives (especially with regard to peripheral journals).

b. The relationship between the number of source articles and the pool of citing jour-
nals is linear.

Hence, the following normalizing formula was constructed:
Ne = (Mnd,a)p/(cpsa) (1)

where N, is the “echo” factor, i.e. the normalized number of received independent cita-
tions (for a given year of publication and citation); (N,,q 4)p is the number of independent
citations received by source papers (published in the year a) in the year p; C, is the size
of the citing pool in the year p; and S, is the size of the source pool in the year a.
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Statistical evaluation of data
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Nothing being known on the distributional properties of the analyzed quantities, non-
parametric statistical methods (Mann-Whitney test, Kruskal-Wallis analysis of variance [9])
were used whenever possible. SPSS/PC program package was used for all statistical

computations.

RESULTS

The citation raw data are summarized in Table 2. The yearly number of independent
citations is given for both journals (CCA and RC), for the two periods of publishing the

Table 2. The independent citation counts and corresponding echo factors (in parts per million)

Publishing year

CCA RC
Citing year 1961 1962 1963 1972 1973 1974 1964 1975
1961 1
0.25
1962 1 0
0.23 0.00
1963 6 6 2
1.32 1.19 0.36
1964 17 25 11 10
3.20 4.22 1.68 0.26
1965 13 16 11 12
1.57 1.73 1.08 0.20
1966 7 6 16 28
0.73 0.56 1.35 0.40
1967 11 10 8 23
1.03 0.84 0.61 0.30
1968 4 1 14 23
0.37 0.08 1.05 0.29
1969 7 14 16 29
0.58 1.05 1.08 0.33
1970 20
0.22
1971 38
0.41
1972 3 20
0.12 0.21
1973 11 0 27
0.37 0.00 0.26
1974 23 6 0
0.92 0.20 0.00
1975 21 30 0 0
0.80 0.99 0.00 0.00
1976 13 11 10 14
0.46 0.33 0.63 0.11
1977 9 15 5 37
0.29 0.42 0.28 0.28
1978 12 10 10 39
0.38 0.27 0.57 0.29
1979 9 19 11 39
0.28 0.50 0.60 0.28
1980 4 15 3 37
0.12 0.40 0.16 0.26
1981 31
0.21
1982 28
0.19
1983 33
0.21
1984 21
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source articles (1961-1963 and 1972-1974 for CCA and 1964 and 1975 for RC) with the
two periods of citation —dynamic and the steady-state (1961-1969 and 1972-1980 for CCA;
1964-1973 and 1975-1984 for RC). The values of echo factor (in parts per million) are given
below the corresponding citation counts. Echo factors (V,) were calculated from eqn (1)
(see Discussion), using the following data: (N4 ,), are the absolute citation counts (Table
2); C, is the number of the articles in the SCI citing pool, according to SCI data [10]; S,
is the publication source pool (Table 1).

DISCUSSION

Citing pool

As already mentioned, the volume of SCI database [10] was steadily growing, the
changes in the number of citing journals being especially noticeable in the first decade of
the scanned period (1961-1971). The growth pattern of the number of articles contained
in the citing journals was roughly similar, although the rates differed to some extent in the
“dynamic” and the “steady-state” periods. The pattern of growth of the citations them-
selves, though similar by and large, exhibited a jump in the year 1976, thus raising on the
whole the level of citation in subsequent years.

All this was examined in more detail by statistical methods in order to find an ade-
quate normalising procedure (see Methods section). The data (YP = the year of publica-
tion, NJ = number of journals in SCI selection, NA = number of articles contained in
them, NC = number of citations they received) were taken from ref. [10] for the 1961-
1981 time interval.

Product-moment correlations between these four quantities were found to be high
(>0.932) and the diagonalization of the correlation matrix revealed only one statistically
significant principal component accounting for as much as 97.7% of total variance.

The significance of the abrupt change in citation rates in 1976 and their higher level
thereafter was checked by regression analysis, using the dummy-variable technique: a
binary variable was introduced which was assigned the value of 0 (zero) in the 1961-1975
period and the value of 1 in the subsequent period (1976-1981). Irrespective of the strat-
egy of inclusion/exclusion of the variables treated as independent (YP, NJ, NA, dummy)
only three of them were identified as significant at high confidence levels (student’s test of
regression slopes gave P = 0.0231 and R? = 0.9897), viz. time (YP), number of articles
contained in the citing journals (NA) and the dummy variable reflecting the jump in the
citation rate. (The number of journals (NJ) was not found significant in this respect.) The
significance of the regression can be judged from its analysis of variance: the regression
of citation rates on YP, NA, and dummy variable vielded an F ratio (explained/residual
variance) of 639.3 (with 17 and 3 degrees-of-freedom) which corresponds to a confidence
level of P < 0.0001. The standardized regression coefficients (beta weights), which are of
less importance in the present context, ranged from 0.2 to 0.5. From the value of the
squared correlation coefficient (R?) it is seen that three predictors (YP, NA, dummy)
accounted for as much as 99% of the observed values of citation rates, the residual vari-
ation being thus mere 1%. So precise a linear regression indicates that the observed jump
in the citation rates was not a fortuitous outlier but rather a (roughly constant) feature of
the year 1976 and subsequent years where the citation rates were consistently higher than
in the preceding years. This jump deserves further study which is outside the scope of the
present work. It may, namely, reflect the onset of distinctly different citation practices.
This finding seems to deserve a more systematic investigation.

Data normalisation
It seems plausible that the yearly number of (independent) citations should be propor-
tional to the number of the source articles being studied and, also, to the size of the pool
of the citing journals (because of the high correlation between these two quantities).
Strictly speaking, the citing pool should have been defined as the number of poten-
tially citing articles (to be determined a posteriori), i.e. as the number of all articles pub-
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lished by journals citing the one under study. Although this was done for CCA such data
were not collected for RC. However, as the comparison of the citing pool growth curves
did not show any substantial difference between the CCA citing journals increase and the
total SCI pool, we resorted in what follows to the data given by SCI for the total num-
ber of articles in their journals per each year. ,

Our “echo” factor (V,) is similar to the impact factor used by Garfield [11], but the
two are not dimensionally identical. Garfield’s impact factor is defined arbitrarily, i.e. it,
too, is not founded theoretically. The impact factor is the ratio of the number of citations
(received in a given year by papers published in the preceding two) and the number of
source papers (published in the preceding two years). It does not take into account the
growth rate of the citing pool (when a longer period is studied) and was therefore deemed
unsuitable for the present study. The term “impact” is also value-laden, as it implies a def-
inite consequence of the citation event although it is not known what the cause and effect
here are. Our “echo” factor is neutral in that respect, implying simply an echo (to the pub-
lished source).

Comparison of the two periods

For CCA, the data can be divided, according to the year of publication, into three
groups for each of the two periods. By applying Kruskal-Wallis nonparametric analysis
of variance (echo factor versus the year of publication) it was found that the three groups
are homogeneous within each period (£ = 0.71 and P = 0.85, respectively), but the data
for the two periods are not (P = 0.03). The same conclusion was reached by applying two
additional tests on the pooled data for each period: Mann-Whitney (P = 0.0008) and two-
sample Kolmogorov-Smirnov (P = 0.002). Thus, the “visibility” of CCA, as measured by
its echo factor, did in fact decrease in the later period, as compared to the earlier one.

Because of their simpler structure the data for RC were analyzed only by using Mann-
Whitney and Kolmogorov-Smirnov tests, yielding the confidence levels of P = 0.065 and
P = 0.218, respectively. Therefore, the null hypothesis (of no difference in echo factor
between the two periods) was retained as valid. If the resuit of the Mann-Whitney test were
treated as (marginally) significant then the echo factor for RC would also be lower after
its inclusion into the SCI selection.

It may be noted in passing that the echo factor for RC, although on the whole much
smaller than for CCA (P = 0.00005), remained much more uniform throughout the period
investigated: Kruskal-Wallis analysis of variance (echo factor versus year of citing) gave
a nonsignificant result (P = 0.456), in contrast to CCA where the echo factor varied sig-
nificantly from year to year (P = 0.022). Could that be somehow related to the more stable
science policy in Poland than in Yugoslavia?

These results show convincingly that the inclusion of Croatica Chemica Acta (CCA)
and Roczniki Chemii (RC) into the Science Citation Index did not improve (i.e. did not
increase) the visibility of these two journals within the world’s scientific literature.

In case of CCA both the subject matters covered in the two periods and {consequently)
the citing pool of journals were quite different. No such analysis was performed for RC,
but with or without a similar change for RC, too, these results are very indicative of the
fact that a (chemical) journal retains its identity for quite a long time, irrespective of
whether it is or it is not in the SCI journal pool.

If further investigations with comparable journals but from other subject fields con-
firm, presently the only available results (for CCA and RC), it would mean that such jour-
nals (from peripheral scientific communities) do not depend on SCI for their inclusion into
the world’s scientific literature. This, of course, does not mean that SCI is superfluous for
retrieving purposes, i.e. “to ease the opening of the already existing doors.” However, an
analysis [12] of the CCA impact factor in the later part of the steady-state period showed
a considerable decline attributable to a corresponding decline in scientific quality (as eval-
uated independently). No doubt, it is only the scientific value of a “small” journal that can
“keep it alive” within the world’s science.

In addition to checking with journals from different subject fields, another point
should also be examined, namely, there are “small journals” that were established much
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later than the two examined here, so that such journals may have not been followed up
by secondary information services (other than SCI) long enough to bring them to the per-
manent attention of interested authors. It may turn out that for such younger journals
from the scientific periphery inclusion into SCI database is important with respect to their
“visibility.”

A reply to the latter question is of importance in clearing the dilemma of whether it
would be better if all the peripheral journals were left out of the SCI selection [13]. It
would also add weight to the science-of-science studies of peripheral science through SCI
records, because it might dispel the notion that SCI gives a skewed picture of the periph-
eral science owing to lack of the corresponding journals in their database selection. Until
answers come along any analysis of peripheral scientific output using SCI should provide
checks that the relevant peripheral source journals are not under the influence of the “SCI
force-field” in attracting citations.
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