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The Number of Biochemical Articles

Is Growing, But Why
Also the Number of References per Article?

Numberll

Shortly after Trends in Biochemical

Sciences (TIBS) was launched by
Elsevier Press in 1976 its first editor,
Joan Morgan, asked me to prepare a

paper on the growth of the biochemical
literature. When I accepted this invita-
tion, I did not realize what it would real-
ly take to provide the exhaustive study
of the literature it implied. I am sure
that .Ioan Morgan thought it was simply
a question of turning on the ISIT faucet
and letting the facts pour out. She was

no less nai}>e than most people who

often make similar requests of me.
When we first started the paper, it

was simply going to be another exercise
in identifying the core journals in
biochemistry, Later it evolved into a
census-taking operation. We wanted to
know about the growth of the biochemi-
cal literature between 1962-77. But
more importantly, we saw an opportuni-
ty to observe significant quantitative
changes in citation patterns.

The paper that I ultimately submitted
to TIBS was the result of a staggering
amount of work. I What I thought would
be a six-month project took 18 months
to complete. We encountered enor-
mous difficulties. While the average
biochemist would regard these prob-
lems as so much trivia, a genealogist or
an epidemiologist might appreciate the

difficulties in tracking the history of

numerous biochemical journals that
either split into different sections, z
changed their names, or merged with
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other publications between 1962 and
1977. There were other difficulties, not
the least of which was the sheer volume
of data we had to work with. It also
proved challenging to keep the project
together during the time it took to com-
plete.

The paper which was finally pub-
lished in TIBS is reprinted here. But the
editors felt they could not justify the
space for four tables of data that I have
included here, following this editorial,
While one can always appreciate the

need for any journal to conserve space,3
the deletion of these tables was
somewhat ironic. An earlier paper by
the late Robert A. Harte,~ also pub-
lished in TIBS, appeared without some
crucial supporting data. As a conse-
quence we could not compare our data
on the doubling time for certain jour-
nals.

Our study included 40 core journals
of biochemistry, listed in Table A.
Three of them were review journals.
For those that began publication after
1962, the year of first issue is given. The
table also includes information on jour-
nal title changes. The biochemical
literature probably is still the fastest
growing of any field in science. This
can’t be determined for certain without
similar data for other fields. However,

the explosive growth rate in the 1960s
slowed somewhat during the past de-
cade. Consider for example Hoppe-
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Chemie. In 1%2 this journal published
87 articles per year. By 1969 this in-
creased to 4 18—an increase of 380’70 in
annual output. Between 1970 and 1977,
the annual output increased by only
81T0.

But in contrast with the primary
literature of biochemistry, the review
journals have grown at a much slower
rate, if at all, since 1968. Table B lists
the three core review journals studied.
The number of source items for each

journal, along with the average number
of references per item, are provided.

Table C illustrates the growth during
the 1960s of the so-called CEBJ jour-
nals: journals whose editors are full
members of the Committee of Editors of
Biochemical Journals of the Interna-
tional Union of Biochemistry. The table
supports my discussion of the CEBJ
journals’ growth rates in the text.

Table D lists the average references
per source item for each of the 37
primary journals from 1968 to 1977. In

the text, I assert that some CEBJ jour-
nals have increased their average num-
ber of references per source item by as
much as 64”/0 in 16 years. This assertion
is supported by the data contained in
Tables C and D.

The reprinted paper that foll<nvs
represents my first attempt at a com-
prehensive study of an entire field of
literature. It’s not quite the same thing
as determining the 100 most-cited au-
thors. Nevertheless studies of this sort
are well worth the effort. They can
reveal much about trends in science. I
hope this paper will encourage others to
undertake similar bibliometric studies.

.* *..

Tom Di Renzo, Calvin Lee, and Ed
Feinheq among others were in ~,olved in
the re.~earch and data ,ga[hering for [his
paper. Tom Di Jutia helped prepare
these introductory remarks,

Olsm(s,
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Ahbrevia(ecf Title

AcIa B1{jchim, B!,~phy\.

Acts Biochim. l]O1.

Ad,, En?ym{)l. RAMB

Anal, Bl(whem.

Annu. Re>. Bi[}chem.

Arch, Bkxhem. Bmphys.
Biochcm Biophy\ Res.

Commun.
Biochcm. 1.
Bi<xhem S<)c. Trans.
Biochemis[~-fl S
Bi<whim. Bi{jphy\. Acts
Biochimie
Bi<)inorg. Chem.
Bi<)khnniya

(B,,whemlqryflSSRl
Bi<),,rg (’hem.
Bi<xvrg. Khim.
Can f. Biochem.
Chem. Phy\. Lipids

CRC CriI, R. Bi,,chem,

Eur. T. Bi,)chem

FEBS LeI[

H-S. Z Phy\i{)l Chem,

Indian 1. Bu)chem

B]ophy\.

Int. 1. Bi<)chcm.

In{ 1. Pept. Pr<>[ Re%

[[al I Bi<)chem.

I Bic,chem -T,)ky,,

I Bi\,l. Chem.

I Cyclic N“cl Re\.

1. Lipid Re\.

1. Mt)l, Biol.

Lipids

Mc,I. Crll. Bi<)chcm.

Nucleic Acds Rm.

}’hy$i<, f Chem Phy\

I>O\l Cp? Bl, )cherr.

Prep. Blc)chem.

Re\. R,, um. Bl<,chlm.

Seikagaku

(’kr. B]{)k him. Zh.

,,,-,1 1

l%?’
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Table B: Tc>tal number of scmrce ilems and a~rrage number of references per ]tem f<>rIhc’ c,we hmchemistry
re!lew I,,umals for [he years I%ti- 19-”.

TABLE B
.

Puhlicati,m Year

Ad.. Enzvmol. RAMB
Source Items
Referencn Item

Annu. Rev. Biochem.
Source Item$
References Item

CRC Cnt. R. Biochem.
Source Item\
Reference? Item

11 10 10 16 8 22 13 13 “ h
14-’.9 2C9,.I 14s.3 24s.8 165.9 216.5 145.2 169.3 108.1 141.0

26293038 32 2.$ y.~~~)

199.3 234,5 235.2 228.6 232.2 2W.6 241.X 2C9.O 22-.0 215.O

— — 4 8 lo h h >

— — 192.8 28-.9 1“3.5 23’4.R 124.? 191. Fi

Tahle C: T,)talnumber ofumrceitem sand a,erace nt]mber <~preference, nerltem f<,rthc(’EBJ priman
]c,urnal~f,)r the years 1962- 19hq.

TABLE C

Pubhcali<m Year

.loumal

1962

Arch. Biochem. Biophys.
Source Items
Reference~ Item

Biochem. 1.
Source Items
Reference% Item

Biochemiswy-US
Source Items
References, Item

Biochim. Biophys. Ac!a
Source Item7
References Item

Biochimie
Source Items
References Item

Biokhimiya
Source Items
References Item

Eur. 1. Biochem.
Source Items
References/Item

H-S. Z. Physiol. Chem.
Source Items
Referenccsiltem

1. Biochern-Tokyo
Source Items
References/Item

J. Biol, Chem,
Source Items
Referencest’Item

1. Mol. Biol.

Source Items
References/Item

408
19. I

814
14.2

172
25.6

[372
16.3

94
22.8

I 5-

18.5

109
22.3

87

17.6

I 57
15.0

630
23.4

133
20.4

1963

2%
18.8

804
14.()

2s0
24.0

1258
lfl.~

I93
13.2

I 53
18.()

159
25.8

156
19.7

IU4

15.0

675
24,9

133
20.9

1964

41tl
21.1

717

17.8

354

24.6

142?
16.9

346
9.4

[w
17.4

99
23.7

132
18,2

216
16.5

6W
2~.3

228
21.0

1%5

425

18.1

909
1“.0

39”
24.9

I492
l~. b

442
9,2

17’3
18.2

137
25.0

I 53

20.5

204
lh.~

751

26.8

330
21.2

1966

440
21..t

929
16.1

606
26.4

I 58-
18.3

223

12.1

I69
lfi.-

114
27.1

143
20.9

221

17.8

910
26.8

417

21.8

511

21.3

1043
1“.9

510
26.6

[648
19.0

283
13.0

16u’
IN ~

1‘4
2q.3

366
]~.~

243
1“.4

&$>
Z-i

~.

21.3

“Estimated, based on data for second half of 1%7
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TABLE D

Publicatlcm Year

Ioumal

1%8

Acia Biochim. Biophy\.
Acts Biochim. Pol.
And. Biochem,
Arch. Biochem,

Biophys.
Biwhem. Biophvs.

ReY. Commun,
Biochem. 1.
Biwhem. Sot. Trans.
Biwhemistryfl S
Biochim. Bi(,phys Acla
Biochimie
Bioinorg. Chem.
Biokhirnlya

Bioorg. Chem.
Bioorg. Khim.
Can. 1. Biochem
Chem. Phys. Lipids
Eur. 1. Biochem.
FEBS Lett.
H-S. Z. Physiol. Chem.
Indian 1. Biochem.

Biophys.
Int. 1. Biochem.
Int. I. Pept. Prot. Res.
[[al. 1. Biochem.
1. Biochem. -Tc>ky<)
1. Biol. Chcm.

!, Cyclic Nucl. Res.
1, Lipid Res.
1. Mol. Biol.
Lipids
Mol. Cell. Biochem.
Nucleic Acids Res.
Physiol. Chem, Phys.
PosIepy Biochem.
Prep. Bicxhem.
Rev. R<mm. Biochim,
Seikagaku
[Ikr, Biokhim. Zh.

AVG. B1OCHEM. INL.
AVG. 5(’1 INL.

9.6
22.2
11.9
24.3

12.1

17.9
—

26.7
18.8
26.2

18.8

24.3
23.8
26.7
11.8
12.9
17.5

43.()
18.()
28.4

—

2-I.Y
23,2
l~. J
18.5

—

#4.1
—

]5.0

49,3
13,2

21.2
12.(1

1969 1970 ,97, [9-2

17.() 14.4 5.6 15.9

20.8 20.4 20.5 1~.tl

12.9 12.() 13.2 13.9
23,5 24.1 2>. I 20.2

13.2 [.3.2 13.7 14.4

17. s 17.6 16.5 15.4

— —

26.3 27.6 27.3 2U.”
19.9 19.” 21.7 ~~,~

194 21.() 21.6 23.8
—. 20.3 21.5

17.3 lb.8 1-.4 16.8
—— 25. ? 18.9
—

20.9 ~2,5 22,2 22.J
~~,z J2, ~ l? 9 18..1
2-I.3 ~~,~ 2(1 4 ~7,1

12.7 12.h 14.1 I.1..t
13.() 1().tl 18.6 9.5
17.4 15.3 2(1.() IT I

— 20.6 20.1 24.2
24,8 20.2 26.3 31.4
49.3 20.2 20.8 208
19.J 20.5 Ifi,l 20.5
29. () 27,5 29.4 2Y 1)

— —

22.3 25.2 20.8 25.9

24.2 24.0 2t).() 2b. ()
[6.7 20.tl 21.() 20.5
21.2 17.5 17,5 19.1)

— —

23,3 18.9 18, s 20.()
76.3 /!4).3 74.2 98. J

— — 17.8 Ib.1
10.1 16.1 17.2 lh.8
41.7 37,3 51.4 20. h

Ib. s 2.3,4 20. I 19.()

21.-’ 21.0 22.3 21. ”
11.6 11.6 12.1 [2.4

19”3 19“4

5,4 18.2
215 21.9
13,5 1.1.5
~y - M I

14.9 ].5.2

26.() 25,9

10.3 11.h
28.4 29.8
24.4 25. I

2.3.3 24.8
21.9 20.8
17.1 18.2
3,3,4 32.()

—

23.() 24. ”
24.9 23.1
26.5 ~7,~

15.7 17.()

8.8 10.9

lh.2 19.3

24.4 2 I .()
25.6 25.4
19.8 12.8

19.3 ?1.1
29..1 .3.7

—

25.8 24.6
2-.() M.?
18.2 24.3
45. - JJ.5

20, I
1X.3 18.7
98.() 89.2
15.5 ,77

17.1 IT8
40.4 59.2

19.4 17..3

22.8 23.9

12.tl 13.1

19-5 19”() 19””

1(>.4 2.(, 19. [
21.2 24.4 ?l. [
15.8 14.” Ih..l
2~ () ?q i .U) I

15< lb () [(l 5

2h.9 26.4 X.9
100 1(1..1 11.2
.U),tl .71.H 31.9
268 ~-, , x>,”
24. J 25.9 2(19
25. tl 2.1.I 20.8
,7 ~ ltt.~ 21. Y
23.9 ?8 I X).()

15.4 20,- 185
24.8 24.4 2“. J
19.2 23.4 23.()
28.5 28.5 28. -
1~.() Itl. s lh.7
12.2 91 h.9
19.() h 9 5.5

~7.2 24.9 26.0
20. I 25,2 24.6

J.J 17.() N.J
21.1 19.5 22,tl
30.9 31.7 30.4
25.3 2!5.5 25,9
19,3 ?4.8 28,3
MY X).3 34).J
19.2 1~, J 21.1
38, t) 4] 5 JJ. I
19.h 215 2J.tI
lT.& 18.4 22.()
99.1 89.8 I 18.8
14.7 20. ti 15,9
15.4 169 lt).9
H4.T 489 29.8
~~,~ 18.6 18.5

24. I 23.6 23.4
13.3 lJ. ” 13.5
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