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The impact of physics research carried out in Israel on the
international literature is assessed from data on publication
and citation counts. We have considered in this analysis all

papers published from Israel and covered under six of the ten
major sections of INSPEC’s Physics Abstracts, January-June
1977 (covering condensed matter physics, nuclear and particle
physics, atomic and molecular physics and biophysics and
physical chemistry) as well as citations to these papers as seen
from five annual editions of Science Citation Index, 1977-1981.
An analysis of these data permits us to identify: (i) areas of
research in which Israel is strong, (ii) highly cited publications,
(iii) the distribution of citations over the years, and (iv) how
quickly the papers get cited. Israel accounts for less than 1% of
the world’s physics publications, but undeniably physics done
in Israel is an integral part of the mainstream of world physics.
Israeli physicists place almost all their work in foreign journals,
most of them published from the United States, the Nether-

lands and the United Kingdom. Many of these journals have a
good standing as seen from their high impact factors and

immediacy indices. Nearly all papers in our sample have
originated in eight institutions, indicating that Israel is free

from the common Third World malady of spreading the butter
of R&D budget too thinly. Overall, Israeli physics appears to
be productive in condensed matter physics, nuclear physics and
atomic and molecular physics. However, chemical physics tops
the list if one considers both the number of papers published
and the cognitive impact these papers have had. Two areas

where Israel did not publish much and yet had a few publica-
tions of high impact are: (i) special theories, interaction models
and particle systematics, and (ii) biophysics. Surprisingly for a
nation interested in both the military and civilian applications
of nuclear energy, Israel’s publications in nuclear physics are
not as well cited as her publications in many other subfields of
physics.

Scientific journals published in Australia,
Canada, India and Israel, in general, make a rela-
tively low cognitive contribution to the mainstream
international research activity [3]. This, however,
can not be taken to mean that scientists from these
countries do not make important contributions to
the generation of new knowledge in the sciences,
for many of them publish their work-often their
more important work-in international journals
published from the advanced countries. For ins-
tance, a little over half of the papers published
from Indian laboratories in the fields of physical.
chemical, mathematical and earth sciences (as seen
from the appropriate editions of Current Cotitetits) >

appear in non-Indian journals [1]. This is particu-
larly true as far as physics research in Israel is
concerned: there is no physics journal in Israel
and almost the entire publication output of Israeli
physics appears in foreign journals. _

Of late, there has been a spurt in interest in

quantifying national contributions to the world’s
scientific efforts. Much of this scientometric litera-
ture is devoted to scientific enterprises in the ad-
vanced countries and precious little is written about
science done in the rest of the world. Notable

exceptions are the work of Davidson Frame on

measuring scientific activity in lesser developed
countries [7], thdt of Garfield on Third World
science [10] and the efforts of Tibor Braun and
co-workers at the Hungarian Academy of Sciences
[4], [12]. Braun and his co-workers talk about

middle-sized countries and cover Israeli science.

Apart from these papers, we do not know of any
other work on Israeli science, particularly work on
Israel’s share of the world’s scientific literature
and on the impact of Israeli physics on world
science.

In this paper, we have attempted to evaluate the
contribution of Israeli physics and its cognitive
impact on the international literature of science
from data on publication and citation counts.

Studies on national contributions to the literature
of physics are not many. Vlachv has estimated
contributions made by different nations to physics
literature as a whole [14] as well as to different
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subfields of physics [15]. Chang and Dieks [6] have
estimated the productivity of Dutch research ef-

forts in physics.
There are reasons to believe that Israeli science

-and physics in particular-ought to be of a high
standard. Among the people who came to form
Israel, as well as among those who came later on,
were many scientists of proven merit. The propor-
tion of Israeli scientists and engineers engaged in
R& D in the natural sciences, agriculture, medicine
and engineering is one of the highest in the world
-about 30 full time equivalents for each 10000
population in 1977, as against 25 in USA and 24
in Japan [11]. Even in absolute numbers. Israel

approaches the relatively small developed coun-
tries such as Holland, Belgium and Sweden [13].
Also, the proportion of researchers in academic

institutions (in contrast to the productive or in-

dustrial sector) is higher in Israel than in the USA,
Japan and Western European countries. Thanks to
the enormous emphasis placed on higher educa-
tion, the number of academic degree holders in

Israel is growing twice as fast as the population
since 1961. Currently, Israel tops the list in the

award of second and third degrees in natural

sciences per million population (136 as against 124
in USA). Thw the most important element of the
infrastructure needed to build a productive scien-
tific enterprise, i,i--. trained people, has all along
been in plentiful supply. And, in fact, Iarael, in

spite of its small population, stood sixteenth among
the more than 160 nations considered in the num-
ber of publishing scientists in 1977. According to
Who i.s Publishing ill Science, 1978, there were no
less than 3310 publishing scientists in Israel who
have authored at least one research paper or a

book article in 1977. This makes Israel first, with

respect to the number of articles published propor-
tional to the country’s population (10.2 per 10000
population, as against 9 in USA). The potential
scientists and engineers in Israel were estimated to
be 28 516 per million population (in 1978), out of
which 3991 were engaged in R&D. Also, Israel

allocates a considerable sum of money for R& D
-the 1981 figure pertaining to natural sciences

and engineering R&D was more than $533 mil-
lion. According to a press release of the Israeli

Ministry of Science and Development released in
December 1982, Israel’s gross expenditure on R&

D was over 2.5% of her GNP in 1980-81. This is
of the same order as is found in the advanced

countries of the OECD.

Although Israel. according to the World Bank
[16], is a middle-income economy with a GNP per
capita of $4500 (in 1980, The Ecollomist. London,
estimated that Israel’s GDP was $5160 in 19R1 ), it
has the potential and infrastructure necessary to

become a scientifically advanced country. Some
socioeconomic indicators of Israel are given in
Table 1. The high life expectancy at birth (72
years, 1980), the high adult literacy rate (84% as
early as 1960. and claimed to be 90 ~ in 1980), the
relatively high investment in education and health,
the large number of physicians and nurses for a

Tahle 1

Some social and economic indicators of Israel

Sources:

(1 ) World DeuelopmelJt Report, 1982, (2) The EcolJomlSl. London ’_4
December 1983, 53-59; (3) Current Biblwgraphic Directory IS 81

( ISI, Philadelphia).



187

given population and low infant mortality rate, the
large percentage of the labour force engaged in the
’service’ sector as distinct from the ’agriculture’
and ‘industry’ sectors, the high level of per capita
energy consumption (3500 kg coal equivalent in

1979), etc. are clear indicators pointing to a society
well geared to perform good science.

Methodology 
~ 

’ ’

The bibliometric method used in this study
combines a comprehensive abstracting service

(PhysIcs Abstracts) and the Science Crtatlon Index
(SCI) and is similar to the technique used by
Arunachalam et al. [2] for studying the impact of
India’s contribution to reproductive endocrinology
on the world literature using Biological Ahstracts
and SCI.

We scanned twelve consecutive numbers of

Physics Abstracts (January-June 1977, Vol. 80,
No. 1055-1066) for abstracts of articles originat-
ing from Israel. We did not, however, scan the

entire collection of abstracts, but only those ap-
pearing under Sections 10 (Physics of elementary
particles and fields), 20 (Nuclear physics), 30

(Atomic and molecular physics). 60 (Condensed
matter-structure, thermal and mechanical prop-
erties), 70 (Condensed matter-electronic struc-

ture, electrical and magnetic and optical proper-
ties), and 80 (Cross-disciplinary physics and re-

lated areas). We noted down all the entries

originating from Israeli addresses, and checked,
for each of them, the citations in subsequent litera-
ture as seen from the Citation Index sections of
the annual cumulations of SCI, 1977-1981. Thus,
our data consists of two parts:

(i) the bibliographic data on all papers from
Israel covered by the chosen sections of Physrcs
Abstracts in the first half of 1977, and

(ii) the citations received by each one of them in
the international literature over five years.

In the data collected from PhysIcs Abstracts,
there were some papers which bear a publication
date of 1975 or 1976. For such papers, citation
index sections of the 1975 and 1976 editions of
SCI were also consulted.

The Israeli physics papers (as seen from Physics
Abstracts) were classified by institution, by subject
class (following the INSPEC Classification Scheme
used by Physics Abstracts ) and by journal. The

number of citations won by each paper over 5
years was counted and the highly cited papers
were identified. Self citations (by first author) were
noted.

One might ask: &dquo;Is it possible to draw valid

conclusions from a simple randomly chosen six-
month sample of Physics Abstracts?&dquo;

Conceivably, publications in a given six-month
period could be affected by the state of major
experimental facilities in the preceding year or so.
Productivity in physics laboratories could be af-
fected by conditions totally outside the control of
physicists (war. change in government policy,
closure of laboratories due to any reason, fluctua-
tions in funds available for R&D, etc.). Another

possibility: some unforeseen difficulty at INSPEC
may affect the coverage in PhysIcs Ahstructs.

Ideally, one would have liked to look at papers
published by Israeli physicists in two or more

sampling periods, preferably spaced 12-18 months
apart. With such data, not only would one validate
(or invalidate) some conclusions drawn from a

single six-month sample, but one could even at-
tempt to see the evolution (or changes in direction)
in Israeli physics. Unfortunately, for such an ex-
ercise one would need access to the computer-re-
trievable versions of Phvsics Abstracts and SCI.
We neither have access to such databases nor have

the funds necessary to get the-searches made.

Hence, we had settled for the laborious and

time-consuming manual search. While we are fully
aware that an analysis based on such limited data
may attract criticism, we believe that the technique
we have used is a valid and interesting application
of bibliometrics, and that this study has led to

several valuable insights into Israel’s contribution
to physics research.

Analysis . 

’

In the six major subject groups we covered in
the twelve issues of Physics Abstracts, there were

26593 papers worldwide, out of which Israel’s

share was 251, amounting to a little over 0.94’c,.
This is close to the 0.89 ~ share of Israel, de-

termined by a number count based on all sections
of PhYSiCS Ahstracts over a larger period by Vlachý
[14,I5] and quoted by Braun and Nagy [5]. This, in
a way, is an assurance that our sample is free from
any bias. The distribution of Israeli and world
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Table 2

Israeli research contnhumon to different subfields of phvsics (As seen from Ph.v.ws Ahslracfs. l’ol. 80, Jan.- June 1977) >

* Includes, 229 research papers published m pnmarv periodicals, 21 papers published in conference proceedings and 1 book article.

contributions to physics by subject is shown in

Table 2. Israel appears to be relatively more pro-
ductive in nuclear physics and atomic and molecu-
lar physics, areas in which her share exceeds 1.3’%
of the world’s literature as against 0.89% in all of

physics, and 0.91Of in all of science as seen from

SCI 1973 [10]. Although, following [5]. we have
given numerical values of percentage contributions
of Israel with an apparent precision of 0.01 ‘~o,
values are only indicative of an order of magni-
tude, and not much statistical significance need be
attached to the absolute values.

Table 3 provides data on the contributions made
by different institutions in Israel to the literature
of physics classified under sub-specialities. The
Weizmann Institute of Science, Rehovot, tops the
list followed by Tel Aviv University. A significant
fact is that, unlike in most Third World and

developing countries, Israel does not seem to

spread its R&D funds too thinly on too many
institutions. Less than half a dozen institutions

account for three-fourths of Israeli physics publi-
cations.

The policy-makers in Israel have clearly under-
stood that theirs is a small country in a world of

big science, and therefore they have to be choosey
and careful if they want to get more returns per
dollar spent on R&D. Their strategy includes

setting up and encouraging a few centres of excel-
lence, and extending their scientific resources

through growth and international collaboration

[11]. The strategy appears to be sound and many
less developed countries could adopt it profitably.

In the distribution of papers among different

sub-specialities (Table 3), ’Magnetic properties and
material>’ (Section 75 under ’Condensed matter

physics’) comes out first with 22 papers, which
include contributions mainly from the Technion
Institute, the Weizmann Institute, the Nuclear Re-
search Centre, and Bar-Ilan University. Section 33
(Molecular spectra and interactions with photons)
is represented by 19 papers of which the Weiz-

mann Institute’s share is five. Biophysics and al-
lied areas (Section 87) accounts for 18 papers,
contributions coming mainly from Tel Aviv and
Hebrew Universities and the Weizmann Institute.
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Tahle 3

Contribution of Israeli institutions by subject

Section 25 (Specific nuclear reactions and scatter-
ing) accounts for 15 papers, with the Weizmann

Institute, Tel Aviv University and the Negev
Nuclear Research Centre contributing four each.

Journal use by Israeli physicists

The journals used by Israeli physicists, showing
country and type of publisher, are presented in

Table 4. All the Dutch journals used are produced
by for-profit publishing firms. Out of the 32 US
journals used, 10 from commercial publishers

accounted for 15 papers and the rest (77 papers)
appeared in 20 society journals and 2 run by
universities. Thirteen commercial journals from the
UK accounted for 26 papers and 6 society journals
from the UK published 18 Israeli physics papers.

Also indicated in this table are the impact fac-
tors and immediacy indices of these journals as
seen from Journal Citatum Reports, 1977 [8]. These
two indices are useful in judging the average qual-
ity, citability and the time taken for a paper pub-
lished in a journal to get quoted in the interna-
tional literature.

In the sample considered, which consisted of
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Table 4

Distribution of physics papers by journal

----

* This excludes 1 book article & 21 conference papers. Soc = Society; Com = Commercial.

229 journal articles authored by Israeli physicists,
there were 92 papers in US journals (59 of them in
journals of the American Institute of Physics), 79
papers in journals published from the Netherlands
and 47 papers in British journals. Also, 57 of these
papers (or 25% of the journal articles considered)
appeared in journals with impact factors greater
than 3, and u 32 papers in journals of impact factor
greater than 2. Nearly one-fifth of the sample (47
papers) appeared in letters journals: 20 in Chemi-
cal Physics Letters, 6 each in Physical Reoiew Letters
and Solid State Communications, and 10 in Physics
Letters (Sections A and B).

There are at least 41 articles published in jour-
nals which have the words ’chemical physics’ in

their titles. About 35 papers were published in

journals whose titles contain the word ’nuclear’.
These are indicative of Israel’s thrust in physics
research (Table 6).

Almost all the journal articles were published in
English language periodicals. There were 12 papers
in journals published from countries other than
the USA, UK and the Netherlands, but none in

journals published from the Soviet bloc countries,
Australia, Canada, India and Japan. These were
published in journals from Belgium, West
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Germany, Italy and Switzerland.
It is instructive to compare the choice and use

made of journals by Israeli physicists with those
by Indian and Egyptian physicists. In a study
comparing the participation in selected journals by
foreign authors, Braun and Nagy [5] have shown
that Israel’s share in Physical Review A (published
by American Institute of Physics) whose impact
factor as seen from JCR 1977 is 2.858, was 1.9%,
which is more than twice the contribution of Israel
to world physics literature. On the contrary, India’s
share of publications to four physics journals in-
creased in inverse proportion to the impact factors
of the journals: 2.4% in Physical ReL,iew A (impact
factor 2.858), 2.8% in Helvetica Phvsrca Acta (im-
pact factor 1.038), 6.1~0 in Czechoslovak Journal of
Physics (impact factor 0.598), and 31.21~ in Acta

Phosioa HWlganca (impact factor 0.165). Thus In-
dia’s share in the first two journals whose impact
factors exceed 1.00 is less than her contribution to
the world literature of physics, i>1=. 2.94~7,, and

much higher in the other two journals whose im-
pact factors are rather low. Egypt’s share to the
world literature of physics is about 0.113% and her
share in Czechoslovak Journal of Physics and Acta
Physica Hungarica were 0.3 and 15.6°lo respec-

tively, as against practically nothing in Physical
Review A and Helvetica Physica Acta.

Citedness of Israeli physics papers

The 251 papers in the sample were cited 1530
times in the five year period 1977-1981, for an

average of 1.22 citations per paper per year. Table
5 gives data on how many papers were cited how
many times. Sixty of these papers went uncited.
These include 17 of the 20 conference papers in
the sample and 5 articles published in letters jour-
nals. Out of the 34 papers which were cited just
once in the five years, five were published in letters
journals. Four out of the 27 papers which received
two citations in the five years were published in
letters journals.

As many as 177 papers were cited 5 times or
less (including uncited ones) in the 5-year period,
and 40 papers were cited between six and ten

times. 16 papers were cited more than 25 times

each out of which three had received more than 85

citations each.
Of the 14 papers in Journal of Chemical Physics

Table 5

Citedness of Israeli physics papers

Average =1.235 Citations per paper per year

which in all won 212 citations, only one went
uncited, and five won ten or more citations; among
these, three won more than 25 citations each. The

seven papers in Chenllcal Physics accounted for 55
citations, two of them winning more than 14 cita-
tions each. Only two of the twenty papers pub-
lished in Chemicul Physics Letters went uncited

and the other 18 amassed 192 citations. In all, the
41 papers published in journals bearing the term
’chemical physics’ in their titles accounted for 459
citations for an average of 2.24 citations per paper

per vear. If we omit the very highly cited paper by
Mukamel (No. 1 in Table 7), the average turns out
to be 1.8 citations per paper per year. This is clear
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evidence of the strength of Israel in chemical

physics. Most of these chemical physics papers
were classified in Phrsics Abstracts under Molecu-

lar spectra and interaction with photons (Section
33) and Atomic and molecular collision processes
and interactions (Section 34).

Of the 22 papers published in Nuclear Physics
Sections A and B, two went uncited, 13 received
between 1 and 4 citations and three received ten or

more citations. The 32 papers published in jour-
nals on nuclear physics (not including Nile/. Phys.
B, which is devoted to elementary particle physics)
received 125 citations, for an average of a little less
than 0.8 citation per paper per year, which is

considerably lower than the average Israeli physics

paper’s record. Even if we consider the one nuclear
physics paper published in Physics Letter.s B (which
has won 9 citations), the average goes to 0.81.

Thus, Israel seems to be publishing a large number
of papers in nuclear physics but they are not cited
exceptionally well. When we say this, we are not
guided by absolute numbers of citations received
by Israeli’s chemical physics and nuclear physics
papers in our sample. That could be misleading, as
citation habits in different branches of physics,
may vary. But we say this on the basis of a

comparison of the average number of citations
received by Israeli papers in a subfield and the

impact factors of selected international journals in
that subfield (See table 6). One notices that al-

.

Table 6

Journals devoted to chemical phvsics, nuclear physics and letters used by Israeli phvsicists (1977 Physics Ahstracts).

* Nucl. Phys. B (impact factor 2.815) published 7 Israeli papers, one of which was not cited in the 5-year penod 1977-81. The other
6 amassed a total of 122 citations. But this journal is largely devoted to elementary particle and high energy physics.
** The two uncited papers are on elementary article physics and the one cited paper is on nuclear physics.
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though the average impact factor of nuclear physics
journals is less than that of chemical physics jour-
nals, the difference between the average no. of

citations per year won by Israeli nuclear (0.8) and
chemical physics (1.8) articles is much larger.

Israeli physicists have also published three

papers in Nature during the period covered (which
have won 51 citations in the five-year interval),
one in Proceedings of the National Academy of
Sciences, USA (87 citations), one each in Journal
nr the American Chemical Societv (29 citations),
Biophysical Journul (31 citations). and Biophysical
Structure and Alechanism (17 citations), all of which
find a place in the list of papers cited at least ten
times. This is indicative of their strength in bio-
physics and related areas (Section 87). Out of the
17 Israeli journal papers in Section 87, seven were
uncited but the others won 215 citations!

Other areas in which Israel has received many
citations per paper are: Specific theories, interac-
tion models and particle systematics (Section 12),
159 citations to 7 papers; Molecular spectra and
interaction of photons (Section 33), 262 citations
to 19 papers; Atomic and molecular collision

processes and interactions (Section 34), 121 cita-

tions to 10 papers, Magnetic properties and
materials (Section 75), 183 citations to 20 papers;
and Physical chemistry (Section 82), 107 citations
to 13 papers.

Significantly, most of the citations to Israeli
work in physics appear in international journals in
papers written by non-Israeli scientists. Out of the
251 papers considered, only 83 had self-citations
(by first authors) and these first author self-cita-
tions (123 out of 1530) accounted for about 8% of
all citations. This again is a clear indication that
Israeli physics does not suffer from the intellectual
island effect [3]. In contrast, that part of research
done in India which is published in Indian jour-
nals gets cited by the authors of these papers and
other Indian scientists to a much larger extent [3].

Another point worth noting is that of the 24

highly cited papers which were cited at least 13
times (Table 7) most were published in truly inter-
national journals of high impact devoted to sub-
fields of physics. Only three papers-one each in
Nature, Proceedings of the National Academy of
Sciences. USA and Journal of the American Chemi-
cal Society-appeared in journals which are either
multidisciplinary or devoted to a whole subject
area. This may well be an indication that the

Israeli physics community is sharply divided into
groups working in well-defined sub-specialities.
This is also in tune with the current tendency in
science publishing wherein journals devoted to

narrow areas are becoming more and more popu-
lar at the expense of journals devoted to whole

disciplines.
An analysis of the 24 highly cited papers (Table

7) shows that the Weizmann Institute (319 cita-
tions from 7 papers) is easily the best physics
research centre in Israel, followed by Tel Aviv
University (221 citations from 5 papers) and the
Hebrew University (146 citations from 5 papers).
Again, Israel’s strength in chemical physics is obvi-
ous : 10 of the 24 highly cited papers were pub-
lished in journals devoted to chemical physics.

How quickly are these papers cited?

The distribution of citations to the highly cited
papers as a time series over the five-year period
1977-1981 reveals that, on the whole, the papers
receive a good number of citations in the first year
itself. The citedness increases rapidly over the next
two years and falls subsequently. Nothing more
can be said, as we do not have data on citations
over a longer period of time, say 10-15 years.

Conclusions

In any case, the evidence we have is enough to
conclude that physics done in Israel is of a high
order. It is otherwise impossible to get so many
papers published in high impact journals in which
they have actually been published. Nor would
these papers have received so many citations as

they have actually done. Israeli work in chemical
physics is particularly noteworthy both in terms of
number of publications and citation impact.

Israel, because of its close political and eco-
nomic ties with the West, has certain advantages.
Not only does she receive all the economic benefits
that such ties ensure, but her scientists get ample
opportunities to collaborate with fellow re-

searchers in very well equipped laboratories in the
United States and Western Europe. For instance,
out of the 105 most highly cited 1980 articles

(most cited in 1980 and 1981) in the physical
sciences excluding chemistry, three were authored
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by Israeli physicists, and all the three were written
in collaboration with scientists outside Israel (from
Denmark, France, West Germany, UK and USA).
The Israeli author(s) of two of these papers hailed
from the Weizmann Institute and the third from
the Hebrew University, Jerusalem. One of the
three papers was in experimental elementary par-
ticle physics, another in theoretical elementary
particle physics and the third in quantum field

theory [9].
To put these findings in perspective, we are now

making a similar study of physics research in other
middle level countries whose scientific enterprises
are comparable to those of Israel, l’I::. India,
Australia and Canada, and the results will soon be
reported in this journal.
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