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Data for crystallography journals indexed in the 1984 Science Citation Index” and citations from
1984 to 1988 were examined by first authors’ affiliations. The top five nations in terms of productivity
were tbe,US, the Federal Republic of Germany, the USSR, the UK, and Japan. In terms of cited
impact (average citations per cited article), the lea&rs were Finland, Sweden, Denmark,Israel, and
the UK. The most-cited articles from Czechoslovakiaare also presented.

This essay is based on a presentation I
recently gave in Prague, Czechoslovakia, at

the International Conference on Advanced
Methods in X-Ray and Neutron Structure
Analysis of Materials. 1 The first part ap-
peared last week and presented a citation
analysis of 11 crystallography journals in-
dexed in the 1988 Science Citation Irrdexa

(SCP ).2 As is usual in these analyses, we
treated the journals as if they constituted a
single’ ‘Macrojournal of Crystallography”
and identified what it cited most fremently

and, conversely, what cited it. In addition,
we presented high impact articles and cur-
rent research-front specialties.

In this essay we present a multinational
perspective on crystallography research.
The analysis identifies leading nations in
terms of the number, citation, and impact
of articles. It also highlights Czechoslovakia,
showing that nation’s highest impact articles,
not only in crystallography but in all of
science.
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International Crystallography Research: Where It Is published,
What It Cites, and What Cites It

Introduction
In clmracteriziig the literature of crys-

tallography and other fields, it is interesting
to ask which nations are the leading pro-
ducers and consumers of the discipline’s
research. To answer this question, a methcd
to define the “nationality” of a paper must
first be developed. l%e simple solution is
to use the nation listed in the address given
by the first author. That is, if Italy was given
by the first author, the paper and its cita-
tions were credited entirelv to Italv-even

if coauthors were from other m“tions,or the
first author was a French scientist on a tem-
porary research exchange.

These potential drawbacks introduce very
little noise into the system, however, since
mtdtimtional collaborations make up a small
but increasing fraction of the SC1database,
typically under 5 percent. Nevertheless, cer-
tain specialties may be more seriously
impacted-high-energy physics, for exam-
ple, which tends to involve huge research
teams.. .
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Table 1: Field distribution of articfes indexed in tbe 19S4$SCP and citations from 19S4 to 19SS.

1984 19841988 Cited Five-Year cited
Field Articles Citations ArtiClss Impact Impact

Life Sciences 384,781 1,712,378 211,987 4,45 8,08
Engineering 80,093 86,7% 22,197 1.08 3.91
Physics 72,742 368,171 46,282 5.06 7,95
Chemistry 68,216 277,308 41,784 4.07 6.64
Geosciences 29,462 104,995 16,626 3.56 6.32
Multidisciplinary 23,128 197,736 9,619 8.55 20.43
Mathematics 17,993 26,209 8,004 1.46 3.27
Techmlogy 11,436 22,7(M 5,010 1.99 4.53
Crystallography 4,083 10,592 2s14 2.59 4.58

TOTAL 691,934 2,806,889 363,883 4.06 7.71

Also, in order to determine the compara-
tive impact of various nations’ literature, we
need to allow for an adequate time period
for citation accrual. The discussion that
follows is based on over 900,000 papers
published in about 6,100 journals indexed
in the entire 1984 ISI@ database, including
the SCI, Social Sciences Citation Inder@,
and Arts & Humanities Citan”on Indexm.
This allows us to examine citations over the
five-year period from 1984 through 1988.

In 1984, 13 SCZ-indexed journals were
categorized under crystallography. As in
Part 1 of this essay, 1 these journals were
treated as if they composed a single’ ‘macro-
journal” of crystallography. This rnaerojour-
nal published 4,083 articks, of which 2,314
were cited 10,592 times through 1988.
Dividing total citations by total articles
yields a five-year impact factor of 2.59.
Dividing citations by the number of cited
articles gives a five-year cited impact
of 4.58.

To put these data in context, Table 1
shows the fields represented in the 1984 SCI
database, defused by journal subject cate-
gories and ranked by number of articles.
Also provided are the number of citations
and unique cited papers, followed by total
and cited impact factors calculated over the
five-year period.

The field labeled “Multidisciplinary”
includes P&uure, Science, and other journals
publishing research in many different sci-
entific specialties. Many of these muki-
disciplirtary publications are highly cited, as
is reflected by the five-year impact (8.55)
and cited impact (20.43) factors, the highest
in Table 1.

Excluding the multidisciplinary field,
physics leads in terms of total impact (5.06),

followed by the life sciences (4.45), chem-
istry (4.07), the geosciences (3.56), and
crystallography (2.59).

Leading Producers of Crystallography
Research

Table 2 shows how the 4,083 crystallog-
raphy articles in the 1984 SCZ were dis-
tributed by the first author’s nation. Fifty-
two nations were represented on these arti-
cles, and the table identifies31 that aomurtted
for at least 10 articles.

The US leads the world in number of
crystallography articles, accounting for 728,
or 17.8 percent of the total. From 1984
through 1988, 436 of these articles were
cited 2,472 times. “fius, the total and cited
impacts of US crystallography articles were
3.40 and 5.67, respectively.

The Federal Republic of Germany (FRG)
is second in output with 502 articles (12.3
percent of total), followed by the USSR
(448, 11.0 percent), the UK (330, 8.1
percent), Japan (29 1, 7.1 percent), France
(276, 6.8 percent), and India (225, 5.5
percent).

It is interesting to note that the five leading
producers account for 56.3 percent of the
1984 crystallography articles, while the top
10 account for 76.9 percent. This is another
illustration of the well-known Bradford and
Zipf distributions and various other statis-
tical patterns. The literature on these sub-
jects is too large and detailed to discuss here
but has been reviewed previously.z

Highest hnpaet Nations

Sweden shows the highest impact of the
31nations shown in Table 2. T’he1984 SC]
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indexed 57 crystallography articles with first
authors from Sweden, and they were cited
283 times from 1984 through 1988, yielding
a five-year impact of 4.96. Israel is second
with an impact of 4.38, followed by Taiwan
(4. 19), the UK (4.14), and Yugoslavia
(3.96).

In terms of five-year cited impact, the
leaders are Finland (9.40), Sweden (8.58),
Denmark and Israel (7.00 each), the UK
(6.66), and Yugoslavia (5.84).

Ikding “consumers” of
Crystallography Research

Another global perspective on crystallog-
raphy research is revealed when the nations
that cited this literature are identified. Fifty-
four countries were represented by the first
authors of 1984-1988 papers that cited the
1984 SCI-indexed crystallography papers.
Table 3 shows 33 mtions that accounted for

at least 20 citations. AISOshown are the
number of unique articles cited,

The US again leads the list, accounting
for 2,428 citations to the crystallography
literature, or 22.9 percent of the total re-
ceived. The UK is second with 1,18? cita-
tions (11.2 percent of total), followed by
Japan (1,049, 9.9 percent), the FRG (941,
8.9 percent), France (752, 7.1 percent), and
the USSR (735, 6.9 percent).

While 54 citing nations are represented:
the majority of citations are concentrated
within a relatively small number of nations.
The top 5 account for 60.0 percent of all
citations, while the top 10 citing nations
account for 78.9 percent. As stated above,
this is yet another illustration of general
statisticalpatterna that have been consistently
observed in various bibliographic analyses.

AH western European nations, including
theUK, together account for 4,325 citations,
m 40.8 percent of the total. In comparison,

Table 2: LMatrtbution of 1984 SCP eqstatlogmphy artkles by imtiorml afllfiation of ftrst authors and
citations from 19S4 to 1988, Ordy those mtions with at least 10 articles are shown.

19ts4 19s4-198a cited Five-Year cited
Nations Art&a citations Ar-tkles &?WS!.- !!!!@S!

us 728 2,472 436 3.40 5.67
FRG 502 1,183 256 2.36 4.62

USSR 448 624 230 1.39 2.71
UK 330 1,365 205 4.14 6.66
Japan 291 897 199 3.08 4.51
France 276 83 I \so 3.01 4.62
Jndia 225 287 107 1.28 2.6S
Italy 129 345 81 2.67 4.26
Poland 105 156 46 1.49 3.39
GDR 104 269 71 2.59 3.79

Crmada 102 166 61 1.63 2.72
The Netherlands 88 290 51 3.30 5.69
Australia 72 150 37 2.0s 4.05
Switzerland 70 205 38 2.93 5.39
Czechoslovakia 57
Sweden

99 29 1,74 3.41
57 283 33 4,% 8.58

Spain 50 75 25 1.50 3.00
Austria 33 54 20 1.64 2.70
Denmark 32 112 16 3,50 7.00
Israel 32 140 20 4.38 7SM
Belgium 28 45 19 1.61 2.37
Yugoslavia 28 111 19 3.% 5.84
People’s Republic of Cfdna 25 43 10 1.72 4.30
Brazil 23 15 7 0.65 2.14
Ih@atia 23 65 14 2.83 4.64

Hungary 19 28 14 1.47 2.00
South Afrka 19 19 8 1.@l 2.3S

Taiwan 16 67 13 4.19 5.15

Finland 13 47
Mexico

5 3.62 9.40
11 8 6 0.73 1,33

Egypt 10 5 2 0.50 2,50

Others (21 ) 137 136 56 0.99 2.43

TOTAL 4,083 10,592 2,314 2.59 4.5s
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Table 3: Who cites crysbdfography research distribution of 19!34-1988 citatims to 1984 SCl@ crystallography
articles bv national affiliation of first author, Ordv those nations with at least 20 citations are shown.

CRYSTALLOGRAPHY

Citing Nation

us
UK

{EngJand
(Scotland
(Wales
(Northern Ireland

Japan
FRG
France
USSR
[Ialy
India
The Netherlands
GDR
Canada
Australia
Sweden
Poland
Switzerland
Spain
[smel
Czechoslovakia
Yugoslavia
Taiwan
Austria
Bulgaria
People’s Republic of China
Oemnark
Norway
Belgium
Hungary
South Africa
Brazif
Finland
Greece
Mexico
South Korea
Others (21)

1984 ‘1984-1988
Articles citations

4,083 10,592

2,428
1,187
1,031

145
8
3

1,049
941
752
735
361
324
315
266
214
211
2(XI
1%
157
144
123
118
81
80
75
71
69
56
45
41
31
31
30
26
25
21
20

169

Cited Five-Year Cited
-a Imgact Im)r@

2,314 2.59 4.58

837
—

500
52)

6)
3)

486
442
363
380
166
185
134
137
155
131
77

125
86
85
72
75
42
30
38
51
32
35
20
34
27
24
20
14
15
12
14
—

Eastern Europe accounts for 777 citations,
or 7.3 percent. Within Eastern Europe, the
German Democratic Republic (GDR) leads
with 266 citations (34.2 percent of the
region’s total), followed by Poland with 1%
citations (25.2 percent), Czechoslovakia
(1 18, 15.2 percent), Yugoslavia (81, 10.4
percent), Bulgaria (71, 9.1 percent), Hungary
(31, 4.0 percent), and Romania (14, 1.8
percent).

Crystdlogmphy in Czechadovah !Mence

Since this cmferenee was held in Prwue,

of science and crystallography in Czecho-
slovakia. liable 4 shows the field distribution
of the 4,486 papers fmm Czechoslovakia in
the 1984SCI, ranked by number of articles.
Comparing this to ‘Ihble 1, which gives
similar data for the entire 1984 SCZ file,
reveals some interesting similarities and dif-
ferences between Czechoslovak scienee and
all nations represented in the SCI.

For example, in terms of number of publi-
cations, the life sciences account for 2,431
of Czechoslovakia’smseareh pqnws, or 54.2
percent of its total. For the entire 1984 SCY,
this field accounted tbr 55.6 Wment. But the
proportion of Cz.echoslovakarticles in chem-

it is appropriate to provide a brief ovew;ew I jstfi and physics combined (32.5 percent)
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Tabfe 4: Field distribution of 1984 SCI@ articles tiom Czechmlovakls and citations from 1984 to 1988.

19$4 1984-19$s cited Ftve-Year
Field

cited
Articles Cttatiosls Articles Impact Impact

Life Sciences 2,431 2,756 917 1.13 3.01
Ckmistry 911 2,506 656 2.75 3,82
Physics 547 1,279
Engineering

329 2,34 3.89
221 252 78 1,14 3.23

Geosciences 138 208 67 1.51 3.10
Mathematics 114 145 56 1.27 2.58
Crystafbgmphy 9 99 29 1.74 3.41
Technology 24 86 16 3.58 5.38
Multidisciplinary 17 40 11 2.35 3.64
OIher 26 168 45 6.46 3,73

TOTAL 4,486 7,539 2,204 1.68 3.42

is much higher than that for the SC] (20.4
percent). That is, Czechoslovak science
seems to be more heaviiy concentrated in
physics and chemistry than the world average
as represented in the Xl. This has been
characteristic of eastern European countries
and the USSR, at least until now.3

The Inpet of Czedmslovak Sehmce

In termsof impact, the leaders in Czecho-
slovak science are technology (3.58),
chemistry (2.75), physics (2.34), crystallo-
graphy (1.74), and the geosciences (1.51).
Twhnobgy includes three speeialties-spec-
troscopy, microscopy, and instruments and
instrumentation. Of these, spectroscopy is
the clear leader, with B articles in 1984that
achieved a total impact of 5.13 and a cited
impact of 7.X from 1984 to 1988.

The rankings are similar for cited impact:
technology (5.38), physics (3.89), chemistry
(3.82), crystallography (3.41), and engineer-
ing (3.23). The data suggest that the highest
impact Czechoslovak research is in the
physical and chemieal sciences, while the Me
sciences are secondary.

Except in technology and engineering, the
impact of Cr.echosiovak science in all fields
was lower than the SCI averages. Czecho-
slovak enginwring articles had a five-year
impact of 1.14, roughly equal to the SCI
average of 1.08, while their cited impact of
3.23 was about 20 percent less than the SC[
average impact of 3.91.

The impact of Czechoslovak mathematics
was closest to that of the SCI—its impact
factor of 1.27 was 87.0 percent of the 1.46
for all SC1mathematics articles, and its cited
impact of 2.58 was 78.9 percent of the SC1

average. The total and cited impacts of
Czechoslovak crystallography were 67.2 and
74.5 pereent of the SCI averages. Creeho-
shtk chemistry had an impact ratio of 67.6
pereent compared to the SCI and 57.5 per-
cent for cited impact, followed by physics
with 46.2 percent and 48.9 percent for total
and cited impacts, respectively.

In contrast, the impact of Czechoslovak
life-sciences articles is well below the SCI
average. Czechoslovak life-sciences articles
achieved an impact factor of 1.13,just 25.4
percent of the SCI avemgeof 4.45; their cited
impact of 3.01 was 37.3 percent of the SC1
average of 8.08.

Who Cites Czeehoalovak Science

‘Ihble 5 identifies the nations and regions
that cited the 1984 SCI Czechoslovak arti-
cles, ranked by total 1984-1988citations. Not
surprisingly, Czechoslovakia leads the list,
accounting for 3,985 citations, or 52.0 per-
cent of the total received, Vhlually all
nations are their own most frequent titers.
For example, the US accounted fir 62.9 per-
eent of all 1984-1988citations to its 1984 ar-
ticles. However, this “self-cited rate” for the
UK and other western European nations such
as the FRG and France averages about 38
percent. For Eastern Europe, the self-cited
rate is about 46 percent, equal to that of
Japan but lower than the USSR’s67 percent.

The US is the second leading “consumer”
of Czmchoslti scienee, accounting fdr 955
citations, or 12.5 percent of the total re-
ceived. It is followed by the UK with 289
citations (3.8percent), the FRG (’D&3.6per-
cent), the USSR (252, 3.3 percent), Japan
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(241, 3.1 ~rcent), and France (224, 2.9
percent).

‘Ihkentogether, western European nations,
including the UK, accounted for 1,288 cita-
tions, or 16.8percent of the total received by
Czechoslovak articles. In comparison,
eastern European nations, excluding Czecho-
slovakia, accounted for 337 citations, or 4.4
percent. Of these 337 citations, 40.7 percent
came from the GDR, followed by Riand
(32.6 percent), Hungary (14.5 percent),
Bulgaria and Yugoslavia (5 percent each),
and Romania (2.1 percent)

High Impact Cmebslovak
Crystallography Mlcks, 197M988 SCI

Table 6 lists 12 articles from Czechoslo-
vakia that wem published in the macro-

joumal of crystallography from 1973to 1988
and cited at least L5times during this time
period. FuUbibliographic intbrrnation is pr-
ovidedfor each article, including the irtsti-
tutional affiliations of all authors.

Several authors appear on more than one
of the papers listed. K. Huml, J. HaSek, and
D. Hlavatii, Institute of Macromolecular
Chemistry, Czechoslovak Academy of Sci-
ences, Prague, coauthored three papers.
M. Glogarowi and J. Pavel, Institute of
Physics, CzechoslovakAcademy of Sciences,
were coauthors on two papm.

Of the eight institutions appmrhg on these
papers, the Czechoslovak Academy of Sci-
ences clearly dominates. Its wuious institutes
were listed on eight papers, with both the
Institute of Macromolecular Chemistry and
the Institute of Physics listed on four papers

Table 5: Who cites Czedmalovak science: distribution of 1984-1988 citations to 1984 SCP Cz.echoslovak
articles by national aff~lation of first author. Only those nations with aI least 10 citations are shown.

CZECHOSLOVAfUA

Citing Nation

Czechoslovakia
us
m

(England
(Scotland
(Northern Ireland
(Wales

FRG
USSR
Japan
France
Canada
GDR
Poland
Italy
Spain
The Netherlands
India
Australia
Sweden
Switzerland
HunSary
Belgium
Finland
Israel
Denmark
Austria
Bulgaria
Yugoslavia
South Africa
People’s Republic of China
Argentina
Egypt
Others (23)

19s4 19s4-1988
Articks Citations— —

4,s7s 7,666

3,985
955
2S9
228

42
10
9

278
252
241
224
161
137
110
102
77
71
68
55
54
50
49
45
41
36
34
23
17
17
16
14
12
11

242

Cited Five-Yesm Cited
A1-tkl@ Impact rrnpact— —
2,2S9 1.57 3.35

1,766
555

—

162)
29)

9)
8)

181
185
155
153
115
105

so
77
51
63
53
44
39
42
38
41
31
29
25
19
13
15
14
11
11
5

—
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Table 6 Artlckv from the core crystallography Journals with at knt one author address br Czeclmslovalda
mrd at least 15 citations from the 1973-198$ SCI@. Papera are listed in alphaktic order by first author.

Cites

28

40

15

17

17

16

15

19

15

29

17

17
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each. In addition, one paper was a mukina-
tional collaboration that listed Martin Luther
University, Halle-Whtenberg, GDR.

The Most-Cited Articles from
Czechoslovakia, 1973-19$$ S(X

Table 7 lists the most-cited papers from
Czechoslovakia in afl fields of science that
were published from 1973to 1988 and cited
at least 100 times during this time period.
Eighteen institutions appear on the 25 papers
listed. The Czechoskwak Academy of Sci-
ences dominates again, appearing on 16
papers. The academy’s Institute of Experi-
mental Biology and Genetics was listed on
five papers, followedby the J. Heyrovsl@In-
stitute of Physical Chemistry and Electro-

chemistry (four papers), Institute of Physi-
ology (three papers), and the Institute of
Organic Chemistry and Biochemistry and
the Slovak Academy of Sciences, which is
part of the Czechoslovak Academy of Sci-
ences (two papers each).

Both Charles University, Prague, and
Palackj University, Olomouc, appared on
two papers each. Seven papem were multi-
national ccdlabomtions involving researehem
based at institutions in the US (three papem),
Belgium (two papers), and the FRG, Nor-
way, Spain, Switzerland, the UK, and the
USSR (one each).

One author, P. D4mant, Institute of Ex-
perimental Biology and Genetics, Cz.echo-
slwak Academy of Sciences, appeared on
three papers. The following authors were
—
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Table 7: The 1973-1988 .StW source articles with at feast one aertbor addrms bt Czedmskwakfa and at
least 100 cifatiorrx from the 1973-19S8 SC[. Papers are listed in atpbaberic order by tirat author.

Cites

102

231

127

119

160

115

142

162

109

113

249

133

144

373

100

102

118

113

153

123

194
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each listed on two papers: J. Bubert&, In-
stitute of Experimental Biology and Genet-
ics, Czechoslovak Academy of Sciences;
V. H4jek, Palackj University School of
Medicine; J. Koryta, J. Heyrovslcj Institute
of Physical Chemistry and Electrochemistry,
Czechoslovrtk Academy of Sciences; and
N. K&, E. Sykovd, and L. vyklic~,
Institute of Physiology, Czechoslovak
Academy of Scienees.

Conclusion

In summary, the data examined here
showed that 52 nations published articles in
13 crystallography journals indexed in the
SCI in 1984. The 5 leading producers (the
US, the FRG, the USSR, the UK, and Japan)
accounted for 56.3 percent, and the top 10
accounted for 76.9 percent. Ftulhermore, 54
nations cited these 1984 articles from 1984
through 1988. The top 5 citing nations (the
US, the UK, Japan, the FRG, and France)
accounted for 60.0 percent of total citations,
and the top 10 accounted for 78.9 percent.

Increasingly, these and other citation data
are being used for descriptive and evaluative

purposes. These applications can help to
determine howjournals, institutions, and na-
tions compare in terms of volume and im-
pact of published research; what articles or
researeh specialties have the highest and
most immediate impact; and so on. Wehave
received request8 from various organizations
and institutions around the world proposing
citation ewduationaof their nations’ march.
Many of these proposals understandably
originate in Eastern Europe.

While we welcome such requests, we must
reiterate an important poin~ citation data ean
indeed provide unique insights about
published researeh, but they are only one of
wveral quantitative and qualitative indicatms
that ought to be used to arrive at a balanced,
thorough, and complete evaluation of re-
search performance.A,s

*****

My thanks to Enc lkrschwell and Al
Wel@ms-Domffor tkir heip in theprepam-
tion of this essay.
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