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According to OED, engineering
first appeared in the English langu-
age in the 14th century.1Since then,
engineering has become almost im-
possible to define by traditional
methods.  Webster’'s  definition,
which follows, gives further evidence
of this problem: **. . . the science by
which the properties of matter and
the sources of energy are made use-
ful to man in structures, machines,
and products.”’2 Leonardo DaVinci
would have readily accepted this de-
finition as descriptive of his main
interests and employment. Replace
the word sciemce in Webster's defi-
nition with either study or exper-
mentation. You'll find that the re-
sult will inevitably apply to, or even
define, many types of research. Most
people would find it difficult to
associate them in any way with
‘engineering’

The trouble may be that the terms
engineer and engineering are now
used as unsuffixed suffixes equivalent
to -ology and -ologist. Whereas we
have elsewhere in science people
like  gerontologists, radiologists,
urologists, anthropologists, etc., in
engineering we have to use com-
pound terms. Hence, Webster's tells
us to ‘‘see chemical engineering, civil
engineering, electrical engineering,
hydraulic engineering . . . "

Thus, among other things,
journal citation studies can help us
define terms like emgineer and eng-
ineering, as they are ‘used’ in the
real world. The citation study which
follows tells us a great deal about
engineering today--or at least as it
was in 1969,

In this study we've used the same
approach as in several previous ones,
the most recent of which discussed
agriculture.3-6 We've taken a large
group of engineering journals and
treated them as if they were a single
journal. We then asked and deter-
mined what journals this ‘macro-eng-
ineering journal’7 cites, and what
journals cite it

The journals chosen for the study
are listed in the 1969 Science Cita-
tion Index® [SCI® | Guide8 under
the Engineering categories (general,
chemical, civil, electric and elec-
tronic, mechanical).

We arbitrarily omitted other SCI
categories such as Aeronauntics, Com-
puters and Cybernetics, Electronics.
In most cases relevant journals from
such categories appeared under the
categories selected.

Engineering journals are in one
aspect ‘different’ from other sci-
entific and technical journals. In
engineering journals, heavily cited
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works tend to be books rather than
journal articles. In an unpublished
ISI®%tudy, we've found that of 900
items cited nine times or more in
1973, two-third were books.

Figure 1 shows the 50 journals
most frequently cited &y our macro-
engineering journal. The figure
shows how often each journal was
cited by about 2,000 scientific and
technical journals; the number of
times cited by the engineering group;
data on self citation and finally
impact.9

The most frequently cited journal
was Proceedings of the Institute of
Electrical and Electronics Engineers.
You'll note that our engineering base
accounts for little more than half the
citations received by Proc. IEEE.ISI's
Journal Citation Reports™10 shows
that the other half of the citations
received by Proc. IEEE come from
basic physics journals. Thus, Proc.
IEEE is as much a basic physics
journal as it is an ‘engineering’
journal. Further, only 20% of the
citations of Proc. IEEE in this study
were self-citations. It is important to
note that fact, because high self-cit-
ation frequently pushes a journal to a
high rank on lists like these.

For example, note that Thermal
Engineering USSR [Toploen-
ergetika] ranks 17th. ‘Engineering’
citations account for 88% of the
citations of the journal. However,
self-citations account for 93% of
them.

The ubiquitous Science and Nature
also appear on this list. If this is not
sutprising, then perhaps you'll be
surprised to find that the following
are heavily cited: Physical Review,
Proceedings of the Royal Society
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(London), Journal of the American
Chemical Society, Journal of Chemi-
cal Physics, Journal of Physical
Chemistry.

I will not labor the point, though
recent Congressional commotionsll
prompt me mightily to do so. If
another example of the dependence
of applied science and technology on
basic research is necessary, this list
provides it. We cannot, on the other
hand, demonstrate that these same
basic research journals cite engi-
neering journals very much--because
it just ain’t so. I have no sympathy
for the notion that basic research can
be adequately funded through spill-
overs from large-scale technological
projects.

In Figure 2, you’ll find journals
that most frequently cite the engi-
neering group. A completely unex-
pected discovery is the fact that the
heaviest citer of all is the Doklady
Akademit Nauk SSSR. If the list in
Figure 2 is extended to include
several hundred journals that cite the
engineering group, you’ll eventually
reach Nature (with 37 citations) and
Science (with 33). The top rank of
the leading journal of the Soviet
Academy of Science indicates the
heavy technological orientation of
Soviet research. The Proceedings of
the National Academy of Sciences
USA didn’v appear at all.

A further verification of this now
“‘obvious’” characteristic of the Do#-
lady is evident when one scans its
contents page in Current Contents.

The fact of its heavy technological
orientation is paralleled by another.
Only three Russian journals appear
among the top fifty most cited by
the engineering group in Figure 1.
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Figure 1. Journals Most Frequently Cited by 'Engineering’ Journals. An asterisk indicates
that the journal also appears on the list in Figure 2. A = total citations by all journals. B=
total citations by ‘engineering’ journals. C = self-citations. D = B/A (‘engineering’ citationsin
terms of total citations). E = C/A (self-citations in terms of total citations, self-cited rate).
F = C/B (self-citations in terms of ‘engineering’ citations). G = lmpact factor
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Figure 2. Journals that Most Frequently Cited ‘Engineering’ Journals. An asterisk indicates
that the journal also appears on the list in Figure 1. A = total citations of all journals. B =
total citations of ‘engineering’ journals. C = self-citations. D = B/A (‘engineering’ citations in
terms of total citations. E = C/A (self-citations in terms of total citations, self-citing rate).
F = C/B (self-citations in terms of ‘engineering’ citations). G = impact factor.
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But nine appear among the top fifty
that cite engineering as shown in
Figure 2. How much this relationship
depends on the number of Russian
engineering journals included in the
study will be determined in a follow-
up of more recent data. Certainly
more Soviet journals are covered in
SCI now than were covered in 1969.

I must point out two anomalies
in Figure 1. If they surprise anyone,
they won’t surprise serials librarians
and engineering information spe-
cialists. The third most frequently
cited journal in Figure 1 is Trans-
actions of the ASME. The eighth is
IEEE Transactions. The high standing
of these two factitious, if not fic-
titious, ‘journals’ is an indication of
citation difficulty in engineering.
This difficulty is caused either by
haste, sloppiness, and lack of schol-
arship, or by the odd-ball titling,
retitling, merging, splitting, etc. that
is characteristic of many engineering
journals. Consider that the Trasms-
actions of the ASME includes Journal
of Applied Mechanics, Journal of
Dynamic Systems, and some eight
others, once including the Journal of
Basic Engineering, which has since
been retitled Journal of Engineering
Materials and Technology, and, as far
as | can determine, thereafter split
into Journal of Materials and Tech-
nology and Jouwrnal of Fluids
Engineering.

In the future, I hope to have the
opportunity to discuss journal titles
in greater detail. In the meantime,

the JEEE may itself (though I doubt
it) come to realize, like the ASME,
that it is not really such a good idea
to have dozens of journals with titles
all beginning with IEEE Transactions
on . . ., especially when they seem
constantly subject to change. | rec-
ommend that the IEEE, and other
organizations, study the admirable
simplicity, directness (and document-
ability) of some favorite journal
titles: Gut, Brain, Blood. A few
suggestions for the IEEE are Antenna
Science Journal, Microwave Theory
Journal, IEEE Nuclear Science
Journal.

In conclusion, despite the diversity
of ‘engineering’ as a subject, our
study demonstrates a by now familiar
phenomenon. The 50 journals in
Figure 1 account for 52% of all cita-
tions made by the 240 engineering
journals. The 50 journals in Figure 2
account for 56% of all citations re-
ceived by the 240 journals. This
phenomenon of journal concen-
tration (in citingness and citedness)
has been demonstrated repeatedly in
previous studies of fields as appar-
ently discrete as pediatrics and as
diverse as agriculture. Furthermore,
the supposedly highly ‘specialized’
journals on both lists, are, with three
or four exceptions, among the 500
journals most cited by all scientific
and technical journals. Almost half
the journals on the two lists are
among the 152 most-cited journals
listed in my first analysis of 1969
data.9
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I Tbe Campact Edition of the Oaford English Dictionary:
Text. Reproduced Micrographically. (New
York Oxford University Press, 1971), 2 vols., 4116 pp.;
vol. 1, p. 867.
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4, eeeereneennns joumal citation studlcs 135. Cancct journals
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botany journals.|CC No. 2, 13 January 1975, p. 5-9

------------- . Journal citation swdies.
)oumals and the agricultural literature.

20, Agriculture
CC No. 20,

7. For an explanatory citation of this use of macro—,
I am gratified to be able to refer the reader to that
entry in Webster's; sce refetence 2, p. 1354,

8. Sciemce Citation Index 1969 Guide & Journal Lists.
(Philadelphia: Institute for Scientific Information,
1970), 106 pp. The subject category listing of journals
covered appears on pages 6-10 of the Gurde.

9. Garfiedd E. Citation analysis as a tool in journal
cvaluation. Sciemce 178: 471-79, 1972. Reprinted in CC

~Thc calculation and
significance of a joufnal's impact is explained in this
article.

. The new IS! Journal Citatson Reporss should

significantly_affect the future coursc of scientific
publication| CC No. 33, 15 August 1973, p. 7-8

| B .Congressional approval of NSF grants. the
public wants in! |ZZ No. 19, 12 May 1975, p. 5-7. I
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