
INFORMETRICS 89/90 
L. Egghe and R. Rousseau (Editors) 
0 Elsevier Science Publishers B.V., 1990 

JOURNAL PRODUCTIVITY IN  ECONOMICS 

I .K. RAVICHANDRA RAO 

Docmentation Research and Train ing Centre 
Indian S t a t i s t i c a l  I n s t i t u t e  
8 th  Mi le,  Mysore Road, R.V. College Post 
Bangalore -~ 560059 ( I nd ia )  

Abstract 

A bibl iography i n  economics consist ing o f  4130 a r t i c l e s  from 744 
journals i s  examined t o  study the sca t te r ing  of a r t i c l e s  i n  various 
journals. It has been observed t ha t  the empir ical d i s t r i b u t i o n  of 
a r t i c l e s  i s  reverse-J shape w i t h  a long t a i l  and d i s t r i b u t i o n  i s  
h igh ly  p o s i t i v e l y  skewed. Further, i t  has been observed t h a t  99 % 
o f  the journals contain 90 % o f  the a r t i c l es .  Only one percent of 
the journals con t r ibu te  near ly  10 % o f  the per iod ica l  l i t e r a t u r e  
i n  economics. 

This studv suaaests t h a t  the neaative binomial d i s t r i b u t i o n  does not  ~ -~~~ . ~ ~ < . ~ ~ ~ ~  

f i t  the empir ical d i s t r i o u t i o n  of a r t i c l e s  i n  economics. However, i t  
f i t s  very d e l l  t o  the r r ~ n c a t e d  data (wi tnout  the data per ta in ing  t o  
the  most productive journals) .  It f i t s  equal ly  we l l  t o  the most (12  
out  o f  15) o f  the freuuencv d i s t r i bu t i ons  o f  a r t i c l e s  i n  homoqeneous 
group o f  subjects ( i .e .  i n - t he  subdivisions of economics). 

- 

This study f u r t he r  suggests t h a t  the rank d i s t r i b u t i o n  o f  journals i n  
economics does not  confirm t o  the per fec t  Bradford's log- l inear  model. 
The shape o f  the Bradford curve f o r  the economics data i s  S-shape and 
Groos droop ex is t .  Leimkuhler's model as such doesn't f i t  the data. 
However, Leimkuhler's model as expressed by F(x)  = a *  l o g  ( I  t bx), 
where a and b are constants and F(x)  i s  the number o f  a r t i c l e s  
contained i n  x  top most journals, g ive r i s e  t o  a ood r e s u l t  when 
Egghe's algori thm t o  compute Bradford m u l t i p l i e r  Qk), and the para- 
meters a and b i s  used. A simple procedure t o  compute k (by assuming 
the nmber o f  journals i n  the nucleus ( r p )  i s  equal t o  one and 
considering the nmber o f  a r t i c l e s  (yo) i t  contains) also gives r i s e  
t o  a good approximat-on f o r  the  rank d i s t r i b u t i o n  o f  journals. 

A few appl icat ions o f  b i b l i ome t r i c  studies a re  discussed i n  the  
context of special l i b r a r i e s  i n  India.  A core l i s t  o f  journals i n  
economics i s  compiled. 

I. INTRODUCTION 

As ea r l y  as 1950's. Prof. P.C. Mahalanobis, the Founder o f  the Indian 
S t a t i s t i c a l  I n s t i t u t e ,  suggested t h a t  s t a t i s t i c s  i s  the 'Key Technology' f o r  
a l l  development and forecast ing studies. I n  recent past, i t  has been appl ied 
t o  many subjects such as perspective planning, i n d u s t r i a l  development, 
ag r i cu l t u ra l  development, etc .  S t a t i s t i c s  and other re la ted  t oo l s  when appl ied 
t o  a f i e l d  of a c t i v i t y  generates a new f i e l d  derived out  of fusion. For 
example, app l i ca t ion  o f  quant i ta t i ve  methods t o  l i b r a r y  organization and 
services i s  known as l i b r a w t r y  1181. S t a t i s t i c a l  analysis o f  b ib l iograph ica l  
organization and services i s  general ly termed as b ib l iomet r i cs  1171. 
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Appl icat ion o f  s t a t i s t i c a l  methods t o  organization o f  science and i t s  
p roduc t iv i t y  analysis give r i s e  t o  scientometrics, and when i t  i s  applied t o  
information system and services, we c a l l  i t  informetr ics.  

I n  t h i s  paper, I sha l l  discuss only b ib l iomet r ic  aspects w i t h  an emphasis t o  
d i s t r i b u t i o n  of a r t i c l e s  and rank d i s t r i b u t i o n  of journals. I sha l l  
p a r t i c u l a r l y  discuss : 

(a)  journal p roduc t iv i t y  i n  economics; 

(b )  how far negative o i n m i a l  d i s t r i b u t i o n  i s  good enough t o  describe the 
d i s t r i b u t i o n  of a r t i c l e s  i n  econanics? 

( c )  how f a r  Bradford's model, Leimkuhler's model, and Egghe's a l g o r i t h  t o  
compute Bradford m u l t i p l i e r  are adequate enough t o  expla in the sca t te r ing  
phenomena? 

(d)  a few appl icat ions o f  b ib l iomet r ics  i n  the context of special l i b r a r i e s  i n  
India. 

2. SCATTERING OF ARTICLES IN ECONOMICS 

I n  t h i s  study, a bibl iography* has been examined t o  c o l l e c t  the required data. 
A frequency d i s t r i b u t i o n  o f  a r t i c l e s  i n  economics, which were included i n  the 
bibl iography i s  c m p i l e d  and i t  i s  given i n  tab le  1. L ike  i n  other s i m i l a r  
studies, the fo l low ing  has been observed : 

(a)  the empir ical d i s t r i b u t i o n  o f  a i t i c l e s  i n  economics i s  reverse-J shaped 
w i t h  a long t a i l ,  and 

(b) the d i s t r i b u t i o n  i s  h igh ly  pos i t i ve l y  skewed. 

The corresponding frequency curve i s  shown i n  f igure 1. A Lorenz curve i s  drawn 
t o  study the concentrat ion o f  a r t i c l e s  i n  various journals, and i s  shown i n  
f i gu re  2. The cumulative percentages (of journals and a r t i c l e s )  t o  draw Lorenz 
curve are computed and are given i n  tab le  1. 

I n  tab le  1 as we l l  as fm f igu re  2, we may observe t ha t  : 
(a)  only a small f r ac t i on  (0.94 %) o f  the journals (most productive) contain 

9.99 % o f  the a r t i c l e s  i n  economics, and 

(b) 5.38 % o f  the journals (mast productive) contr ibute 32.35 % of the 
a r t i c l e s  i n  economics. 

I n  other words, 99 % o f  the journals (when arranged according t o  the increasing 
product iv i t y )  contain o f  90 % o f  the a r t i c l es ;  i.e. one per cent o f  the 
journals contr ibute 10 % o f  t he  a r t i c l e s  i n  economics. This suggests us t ha t  
the 80-20 r u l e  i s  hardly applicable t o  study the journal p roduc t iv i t y  i n  
economics. 

3. DISTRIBUTIONS OF ARTICLES 

I n  recent times, many have argued tha t  negative binomial d i s t r i b u t i o n  i s  most 
su i tab le  t o  describe b ib l iomet r ic  data. The negative binomial d i s t r i b u t i o n  
funct ion i s  given by 

* In te rna t iona l  Bibl iography o f  Economics, Vo1.29, 1980 ( In te rna t iona l  
Bibl iography o f  the Social Sciences). Tavistock Publications. London. 
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Table 1 : A d i s t r i b u t i o n  of a r t i c l e s  i n  the In te rna t iona l  Bibliography o f  
Economics 

lmber of 
a r t i c l e s  

(x )  

Umber of 
journals 

( Y )  

l o t a l  number 
o f  a r t i c l e s  

(x,Y) 

Cumulative number 
o f  'l xy (%) 

Cumulative number 
of 'l Y (%)  
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P a r t i a l  sun of journals 

A Lorenz curve : sca t te r ing  of a r t i c l e s  i n  economics 

p(x) gives the p r o b a b i l i t y  t ha t  a journal  contains x a r t i c l es .  B u r r e l l  [4,5,61, 
Ravichandra Rao 1191 and few others have shown t h a t  negative binomial 
d i s t r i b u t i o n  f i t s  f a i r l y  we l l  t o  c i r c u l a t i o n  data, s c i e n t i f i c  p M d u c t i v i t y  
data. etc. Bu r re l l  [71 and O'Nei l l  1161 have argued t h a t  negative binomial 
d i s t r i b u t i o n  f i t s  the  journal p roduc t iv i t y  data. 

An attempt has been made here t o  study how f a r  the  negative binomial 
d i s t r i b u t i o n  i s  su i tab le  t o  describe the d i s t r i b u t i o n  o f  a r t i c l e s  i n  economics. 
Theoretical values are com~uted and aiven i n  t ab le  2. Both moment est imators 
and maximm l i ke l i hood  e s t h a t o r s  (m1l.e.) are used (separately) t o  compute 
the  theore t i ca l  values. 

It may be noted from tab le  2 t h a t  theore t i ca l  values deviate considerably f r o m  
the observed frequencies. Chi-square t e s t  suggests us t o  r e j e c t  the hypothesis 
t h a t  the  negative binomial d i s t r i b u t i o n  f i t s  the empir ical d i s t r i b u t i o n  of 
a r t i c l e s  i n  economics. The poor f i t  may be due t o  : 
1) incomplete bibl iography; 

2)  heterogeneity nature o f  data; data might have come from d i f f e r e n t  negative 
binomial populations. 

It i s  bel ieved t ha t  the  long t a i l  (as can be seen i n  f igure 1 )  i s  p r ima r i l y  due 
t o  a mixture of negative binomial populations and the core journals may belong 
t o  an e n t i r e l y  d i f f e r e n t  population. By e l im ina t ing  the core journals (i.e. o f  
t runca t ing  the empir ica l  d i s t r i b u t i o n  a t  x = 18, fran where the s t r a i g h t  l i n e  
begins i n  f igure 3 ) .  theore t i ca l  frequencies are com uted using the negative 
binomial distribution. The resu l t s  (shown i n  tab le  3! are much be t t e r  than the 
one shown i n  t ab le  2. The Chi-square t e s t  sug ests t h a t  negative binomial 
d i s t r i b u t i o n  f i t s  very we l l  t o  the truncated ?at  r i g h t )  d i s t r i b u t i o n  o f  
a r t i c l es .  
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Table 2 : D is t r i bu t i on  o f  a r t i c l e s  : observed and theore t i ca l  values as 
cmputed frm Negative Binomial D i s t r i bu t i on  

Nunber o f  
a r t i c l e s  

(x )  

Nunber o f  
journals 

f ( x )  

229 
138 
88 
61 
40 
29 
20 
14 
10 
12 
7 
9 

11 
6 
7 
3 
1 
7 
5 
5 
2 
7 
1 
4 
1 
3 
3 

Expect1 
(Using Moments) 

( 1 )  

values 
(Usin m.1.e.) 

?2) 

x = 5.551100 2 x (Computed fo r  (1). d.f. = 17) = 88.65 
02 = 69.782300 x 2 (Computed fo r  (2). d.f. = 20) = 27.16 
o = 8.353600 

p = 0.065218 C r i t i c a l  value : 

q = 0.934782 x 2 (a. = 0.05, d.f. = 17) = 27.6 
2 k = 0.317521 (Using monents) x (a = 10.05, d.f. = 20) = 31.4 

k = 0.446533 (m.1.e.) 
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Table 3 : Truncated d i s t r i b u t i o n  of a r t i c l e s  : observed and expected values 
as computed from Negative Binomial D i s t r i bu t i on  

Nunber o f  
a r t i c l e s  

( x )  

Nunber of 
journals 

f ( x )  

k = 0.693894 (Using mments) 

k = 0.671693 (m.1.e.) 

Expected f reqdencies 
(Using Moments) I (U~ inq~y .1 .e . )  

( 0  

I 

2 x (Computed f o r  ( I ) ,  d.f. = 12) = 13.64 
2 x (Computed f o r  (2). d.f. = 12) = 12.05 

C r i t i c a l  value : 
2 x (a = 0.05, d.f. = 12) = 21.0 

Another way o f  analyzing the data ( instead of t runcat ing the d i s t r i b u t i o n )  i s  
t o  e l iminate the heterogeniety; i.e. t o  study on ly  the homogeneous data as f a r  
as possible. I n  t h i s  study, t o  e l iminate the heterogeniety, frequency 
d i s t r i bu t i ons  o f  a r t i c l e s  i n  various subdivisions of economics were compiled 
(using the same bibl iography) and these are given i n  tables 4-11. 

For each of the homogeneous groups, an attempt has been made t o  fit the 
negative binomial d is t r ibu t ions .  Except for  the three empir ical d i s t r i bu t i ons  
( tables 4(B), 8(J) and l l ( 0 ) )  the negative binomial f i t s  very wel l .  

Data i n  tables 4(8). 8(J) and l l ( 0 )  re fe r  t o  the bibl iography o f  methods, 
money and finance, and in te rna t iona l  economics. These subjects are mostly 
in te rdesc ip l inary  i n  nature and thus data comes from heterogenous population. 
Although Sankhya, Journal of Game theory, etc. i m l u d e  a r t i c l e s  i n  e c o n m t r i c s ,  
mthods i n  economics, these journals are no t  covered i n  the bibliography. This 
fact  i l l u s t r a t e s  tha t  the bibl iography i s  incomplete. 

From these observations, i t  i s  very c lear  t ha t  the negative binomial 
d i s t r i b u t i o n  i s  un l i ke l y  t o  fit the heterogeneous data and also i t  i s  un l i ke l y  
t o  fit the data based on i ncmp le te  bibliography. Considerable research i s  
needed t o  estimate the parameters of the d i s t r i b u t i o n  i n  such circunstances. 
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Table 4 : A frequency d i s t r i b u t i o n  o f  a r t i c l e s  i n  "Prel iminar ies"  and 
"Methods" o f  Economics 

A. Pre l iminar ies I B. Methods 1 

x (Computed) = 14.4 

x ( a  = 0.05, d.f. = 3) = 7.81 I: 

Nunber of 
a r t i c l e s  

X 

1 
2 
3 
9 

Nunber o f  
a r t i c l e s  

X 

1 
2 
3 
4 
6 
9 

19 

Table 5 : A frequency d i s t r i b u t i o n  of a r t i c l e s  i n  "General and Basic Subjects" 
and "History and Econmic Thought" 

Nunber o f  
journals 

f(x) 

9 

13 

i = 1.5833 p = 0.502994 
2 o = 1.1597 q = 0.497006 

k = 0.590361 
2 x (Computed) = 1.1958 
2 x ( a  = 0.05. d.f. = 2) = 5.99) 

Theoretical 
values 

9 

4 

13 

Nunber o f  
journals 

f (x)  

20 
16 
5 
2 \  
2 
2 '  
1 , 

48 

C. General and Basic Subjects 

i = 1.78125 p = 0.345052 

o2 = 2.2641 q = 0.654949 

k = 0.411594 
x2 (Computed) = 2.3476 

2 x ( a  = 0.05, d.f. = 2) = 5.99) 

Theoretical 
values 

27 
7 
5 

9 

48 

Nunber of 
a r t i c l e s  

X 

1 
2 
3 
4 
5 

0. His to ry  o f  Economic Thought 

Number o f  
a r t i c l e s  

X 

I 
2 
3 
4 

10 

Nunber o f  
journals 

f ( x )  

17 
3 

24 

Thoretical 
values 

16 
5 

3 

24 

Nunber o f  
journals 

f (x )  

22 
3 

32 

Theoretical 
values 

21 
6 

5 

32 



Journal Productiuity in Economics 259 

Table 6 : A frequency d i s t r i b u t i o n  of a r t i c l e s  i n  "Economic H is to ry "  and 
"Economic A c t i v i t y "  

I E. Economic History I F. Economic A c t i v i t y  

Number of Nunber of Nmber o f  Number o f  Theoretical Theoretical a r t i c l e s  journals a r t i c l e s  journals values values X f ( x )  X f(x) 

2 = 1.4545 p = 0.339502 2 = 1.6860 p = 0.469283 
2 o = 1.3388 q = 0.660498 o = 1.4618 q = 0.530717 2 

k = 0.233638 k = 0.606583 
2 x (Computed) = 2.2202 
2 x (a - 10.05, d.f. = 5)  = 11.1 
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Table 7 : A frequency d i s t r i b u t i o n  o f  a r t i c l e s  i n  "Organization o f  Production" 
and "Production" 

a r t i c l e s  
Number o f  
journals 

f ( x )  

Theoretical 
values 

i = 2.776 p = 0.179397 
2 o = 7.6790 q = 0.820603 

k = 0.301165 
2 x (Computed) = 3.8286 
2 x ( a  = 0.05, d . f .  = 6 )  = 12.6 

H. Production 

Theoretical 
values 
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Table 8 : A frequency d i s t r i b u t i o n  o f  a r t i c l e s  i n  "Prices and Market" and 
"Money and Finance" 

/ I. Prices and Market I J. Money and Finance 1 

x2 (Computed) = 7.8692 (Computed) = 32.9881 

x (a = 0.05, d . f .  = 3) = 9.35 x (a = 0.05, d . f .  = 4)  = 11.1 I 
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Table 9 : A frequency distribution of articles in "Incomes and Income 
Distribution" and "Demand (Use of incane)" 

K. Income and Income Distribution I L. Demand (Use of Incane) I 
Theoretical ",:?A,": :y:,,a:aP,f Theoretical 

values 
X f(x) values 

2 x (Computed) = 9.4373 
2 x (a = 0.01, d.f. = 3) = 11.3 

2 x (Computed) = 5.8424 
2 x (a = 0.05, d.f. = 2) = 5.95 



Journal Prcductiuity in Economics 263 

Table 10 : A frequency d i s t r i b u t i o n  of a r t i c l e s  i n  "Economics and Pol icy"  
and "Public Economy" 

M. Social Economics and Po l icy  

2 x (Computed) = 6.9694 
2 x ( a  = 0.025, d. f .  = 2) = 7.83 

N. Public Economy 

2 x (Computed) = 14.9886 
2 x ( a  = 0.01, d. f .  = 5)  = 15.1 

Number of 
a r t i c l e s  

X 

1 
2 
3 
1 
5 
6 
7 
8 
9 

12 17 
18 

Theoretical 
values 

63 
29 

12 

104 

Nunber o f  
a r t i c l e s  

X 

1 
2 
3 
4 
6 
7 

Number o f  
journals  

f (x )  

74 
17 

104 

Number of 
journals  

f (x )  

133 
46 
15 
5 

1 )  1 1 
1 

21 5 

Theoretical 
values 

147 
28 
14 
8 
5 

13 

215 
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Table 1 1  : A frequency distribution of articles i n  "International Economy" 

Nmber of articles 
X 

Number of ournals 
f(x j Theoretical values 

k = 0.155856 
2 x (Computed) = 82.8250 
2 x (a = 0.05, d.f .  = 6) = 12.6 



4. THE BRADFORD DISTRIBUTION 

A well-known procedure t o  study journal  p roduc t iv i t y  i s  Bradford's lnethod of 
p l o t t i n g  (on a semi-logarithmic paper) the cunulat ive nunber o f  journals 
against the cumulative nunber o f  papers they contain, where the journals are 
arranged i n  decreasing order of p roduc t iv i t y  1231. Bradford i n  h i s  study 
observed tha t  l i n d a r  increases i n  the cumulative nunber of papers required 
geometric increases i n  the nmber o f  journals. It i s  now known as Bradford's 
law. It i s  expressed i n  the form o f  

F(x) = a + b l o g  x 

where F(x)  i s  the cunulat ive nunber o f  references contained i n  the f i r s t  x 
most productive journals, a and b are constants. 

Vickery [21 I pointed out the d i f ference between the verbal and graphical 
in te rpre ta t ion  o f  law o f  sca t te r ing  and fu r ther  showed tha t  Bradford's law 
implies a J-shape semi logar i thmic curve w i t h  an i n i t i a l  concave segment 
leading t o  a l i n e a r  segment. Since then many have worked i n  t h i s  area and 
suggested several models 11 1.121. 

Groos [ l o ] ,  O 'Ne i l l  1161, Keenan and Atherton [ I 31  and few others have pointed 
out t ha t  for a la rge  se t  of data, shape o f  the curve i s  l i k e l y  t o  be a S-shape 
w i t h  a convex segment i n  the upper por t ion  of the curve. In  fac t ,  the convex 
segment i s  known as 'Groos droop'. The occurrence o f  the d r w p  may be due t o  
incunplete b ib l iographical  data. The droop may also occur i n  case of newly 
emerging subjects ( i n  which case, there i s  hardly any core journals)  and i n  
case o f  i n te r -d i sc i  l i n a r y  subjects ( i n  which case, there are too many leas t  
productive journals!. I n  other words, the droop i s  l i k e l y  t o  occur f o r  the 
heterogeneous bib l iographic data. 

I n  order t o  study the journal  p roduc t iv i t y  i n  economics, the ctnnulative number 
of journals i s  thus p lo t t ed  against the cumulative nunber o f  papers they 
contain, when the journals are arranged i n  decreasing order. The relevant data 
( X  and F(x))  are given i n  tab le  12 ( i n  columns 2 and 4 respect ively)  and also 
semi-logarithmic curve i s  drawn and i t  i s  shown i n  f igure 3. 

Figure 3 suggests t h a t  the curve i s  not a perfect Bradford curve. It i s  a S- 
shape curve and i t  has Groos droop. I t  i s  l i k e l y  t h a t  the data i s  incomplete 
and comes frun heterogeneous population. It i s  a lso l i k e l y  t ha t  t he  empir ical 
d i s t r i bu t i on  i s  a mixture o f  Bradford populations. I n  fact ,  t he  semi-logarithmic 
curves ( f igures  4-6) f o r  each o f  the hmgeneous d i s t r i bu t i ons  (given i n  tables 
4-11) suggest t ha t  the data come from a mixture o f  Bradford populations. How- 
ever as such i t  i s  d i f f i c u l t  t o  express the d i s t r i b u t i o n  funct ion for the 
mixture o f  Bradford d is t r ibu t ions .  
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Table 12 : Rank distr ibut ion of journals i n  economics 

Nunber o f  
journals 

( x )  

Cmulative 
nunber of  

EX 

Number o f  
ar t ic les  

(Y)  

Cunulative nunber 
of  ar t ic les  
~ c . y  = F(x)  

NOTE : I n  colmn 3, the figures within the brackets re fer  t o  x.y. 
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X : P a r t i a l  sum of journals ( log  scale) 

Y : F ( x ) ,  p a r t i a l  sum o f  a r t i c l e s  

H : Production 

K : Income and Income-Distribution 

M : Social Economics 8 Pol icy 

N : Public Economy 

Fig.5 : A Bradford curve 



x : p a r t i a l  sum o f  journals ( log  scale) 

Y : F ( x ) ,  p a r t i a l  sum of a r t i c l e s  

A : Prel iminar ies 
C : General and Basic Subjects 
D : History o f  Economic Thought 
E : Economic History 
F : Economic A c t i v i t y  
G : Organisation o f  Production 
I : Prices and Market 
L : Demand (use o f  income) 

Fig.6 : A Bradford curve 
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5. LEIMKUHLER'S MODEL 

Based on Bradford's law, Leimkuhler i n  1967 derived a p robab i l i t y  d i s t r i b u t i o n  
function. It i s  given by : 

where '3 > 0 and F(x) i s  the r e l a t i v e  cmu la t i ve  frequency o f  a r t i c l e s  contained 
i n  x proport ion of top most productive journals. B can be canputed using the 
f i r s t  moment (about zero). It i s  given by : 

1 1 
u =  109(1+8)-8 (4) 

This function i s  l i k e l y  t o  fit on ly  f o r  those data which comes from "perfect 
Bradford population" ( the  populat ion which confirms t o  F(x)  = a + b log  x). 
An attempt has also been made here t o  compute F(x l ,  t o  see how for  Leimkuhler's 
model i s  adequate enough t o  study F(x). Table 13 gives x, F(x) (observed value), 
F l ( x )  (computed value) and D(x) (d i f ference between the computed and observed 
values. D(x) i s  canputed as : 

D(x) = IF(x) - F,(x)[/Total nmber o f  a r t i c l e s  

The maximm of value o f  D(x) i s  0.0399516. The Kolmogorov-Smirnov t e s t  there- 
fo re  suggests us t o  re j ec t  the hypothesis t ha t  the Bradford d i s t r i b u t i o n  as 
suggested by Leimkuhler f i t s  the empir ical data; the D,(x) ( f o r  a = 0.01) i s  
given by 0.0253636. The value o f  B i s  58.75. 

Further, if we ca re fu l l y  observe the d i f ferent  values of D(x), we may notice 
tha t  i n  14 cases (out  o f  41) the values o f  D(x) goes beyond 0.0253636. These 
fourteen values r e f e r  t o  the concave and convex port ions o f  the curve. 

So, we must have d i f f e ren t  approach t o  compute the parameter of Leimkuhler's 
model. Egghe has suggested a method. This i s  discussed i n  the next section. 

6. EGGHE'S METHOD 

Egghe [91 suggested a theory and an a lgo r i t hn  t o  compute the parameters o f  
Leimkuhler's model which may be used even for  the data based on incomplete 
bibliography. Leirnkuhler's model may be defined as : 

F(x) = a * l o g  (1  + bx) (5 )  

where F(x) i s  the nmber o f  a r t i c l e s  contained i n  x top  most journals, a and b 
are constants. 

An attempt has been made here t o  study whether Egghe's a lgor i thm i s  good enough 
t o  estimate the parameters of the rank d i s t r i b u t i o n  of journals i n  economics. 

I n  h i s  method, Egghe bas ica l l y  suggests t o  choose a cu t -o f f  rank (PO) a t  which 
Groos droop becomes apparent and t o  determine the number of a r t i c l e s  per 
journal, a t  the cut-off point, say n. Next step i s  t o  f i x  p ( the  number of 
zones f o r  the complete bibl iography), p must be s u f f i c i e n t l y  large. E ghe then 
suggests the fo l lowing f o m l a e  t o  compute the number o f  a r t i c l e s  (y,$ contained 
i n  rO "st productive journals ( f o r  the complete bibl iography). 
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Table 13 : Computed values of F(x) for Leimkuhler's rode1 

Nunber of 
journals 

X 

1 
2 
3 
4 

Nunber of 
articles 

F(x) 

Computed 
values 
F,(x) 



where : T i s  the nunber of journals i n  the truncated bibl iography ( i n  p -  [ q l  - 2  
zones), 

X i s  the nunber o f  a r t i c l e s  i n  T, 
[ q l  i s  the l a r  es t  whole nunber smaller than o r  equal t o  q ( the  l a s t  
Bradford groupg, 
k i s  the Bradford m u l t i p l i e r  and i t  i s  given by : 

k = (1.781 Y,)"~, ym i s  the nunber o f  a r t i c l e s  i n  the most 
productive journal. 

The parameters (a and b) i n  equation (3) can now be computed using the 
fol lowing functions : 

For the data shown i n  tab le  12, these parameters are computed and given 
below : 

y,= 77, p = 10 and k =  1.6357 

I n  f igure  3, we may observe t ha t  the droop begins a t  x = 480 and the 
corresponding value o f  n i s  2 ( the i ? ~ b e r  o f  a r t i c l e s  per journal  a t  cut-off 
point).  Thus, 

where E i s  the Euler 's constant (= 0.5772). Hence [ q l  = 2 and q '  = 3. The 
modif ied value o f  n i s  thus given by 

So the f i n a l  cu t -o f f  rank i s  9 a r t i c l e s  2 being between the ranks 378 and 515) 

r '  = 515 - 0.457237 x (515-377) 

= 452.36 - 452 

Thus, the t o t a l  nunber o f  journals (T) i s  452 and they contain 3779 a r t i c l e s  
(XI. Subst i tu t ing  the values o f  T, X, k, p and [ q l  i n  (6) and (71, we have : 

rO = 9.474455 and yo = 539 

On subs t i tu t ing  the values o f  ro and yo, i n  (8) and (9). we have 

a = 1095.371 and b = 0.0670962 

By subs t i tu t ing  the values o f  a and b i n  equation (3). the theoret ical  values 
o f  F(x)  f o r  d i f f e ren t  values o f  x are computed and iven i n  tab le  13 (column 3, 
Fl(x)). I n  tab le  14, colunn 4 gives the d i f ference ?Dl(x)) between the r e l a t i v e  
frequencies of observed (F(x)) and theore t ica l  frequencies (Fl(x)). It c l e a r l y  
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Table 14 : Theoretical and observed values 

NOTE : (1 )  x i s  the  nunber of journals; F(x)  i s  the  nunber of a r t i c l e s  contained 
i n  x journals; Fl(x) i s  computed using Leimkuhler's m d e l ,  where i n  

parameters are computed based on Egghe's algorithm. Dl(x) = IF (x )  - Fl(x) / /  

F(x = 744). F2(x) i s  computed using Leimkuhler's rodel ,  where i n  para- 

meters are computed f o r  ro = 1 and yo = 77. D2(x) = IF(x) - F2(x)I/F(x=744) 
(*) computed such t h a t  t o t a l  nmber o f  a r t i c l e s  i n  4130. 
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suggests t ha t  Leimkuhler's model f i t s  the  data extremely wel l .  It of course 
impl ies t ha t  Egghe's a lgor i thm gives r i s e  t o  a good estimate o f  the parameters. 
Also Kolmogorov-Smirnov t e s t  leads us t o  accept the  hypothesis t h a t  Leimkuhler's 
model f i t s  the  data a t  0.01 level .  Computed value o f  Kolmogorov-Smirnov 
s t a t i s t i c  i s  0.02421310; the c r i t i c a l  value D(u= .Ol ) i s  0.0253636. 

We may note t h a t  i n  Egghe's method, k ( the  Bradford m u l t i p l i e r )  i s  a funct ion 
o f  p ( the  nunber o f  zones) and thus i t  i s  l i k e l y  t o  g ive r i s e  t o  a good 
estimate. However, i t  i s  necessary f o r  us t o  draw the  semi-logarittunic curve 
and observe care fu l l y  t o  determine the  cut-off po in t  (po)  a t  which Groos droop 
becomes apparent. 

The question i s  thus t h a t  i s  i t  possible t o  compute wi thout  looking a t  the  
semi-logarithmic curve? The author suggests the fo l low ing  procedure t o  compute 
k :  

i) assune ro = 1 ( the  nunber o f  journal  i n  the nucleus zone). 

i i )  se lec t  the  corresponding value of yo ( the number o f  a r t i c l e s  f o r  ro = 11, 

i i i )  frm these two values o f  ro and yo, and using the Newton-Xaphson method, 

k can be computed from the fo l low ing  equation 

2 i + k + k + ... + = T , 

where p i s  the  number o f  zones and T i s  the  t o t a l  number o f  journals. 

For instance, f o r  the data given i n  t ab le  12, f o r  ro = 1, yo = 77; since T = 744, 

f o r  yo = 77, p i s  55. The value o f  k i s  thus 1.0766334. Subs t i tu t ing  the  values 

of k, ro and y o  i n  (8) and (g) ,  we have a = 1042.808 and b = 0.0766335. By 

subs t i t u t i ng  the  values o f  a and b i n  equation (3), F(x)  has been computed the 
resu l t s  are given i n  t ab le  12 (column 6). D2(x) ( i n  colunn 6 of t ab le  14) 

suggests t h a t  f o r  ro = 1 and yo = 77 give r i s e  t o  an equal ly  good approximation 

f o r  k and thus the model f i t s  f a i r l y  we l l  t o  the  data. Moreover, the  procedures 
t o  compute a and b are very simple and straightforward. 

We may also observe t h a t  values o f  the parameters computed based on Egghe's 
algori thm give r i s e  t o  a good approximation for, the  convex and concave por t ions 
o f  the curve. The author has a lso observed f u r t he r  t h a t  f o r  increased value of 
r, and smaller value of p, the resu l t s  are, f a i r l y  accurate, but fo r  the  lower 
" 

por t ions o f  the semi-logarithmic curve. 

Unless one i s  able t o  cmpute the  standard e r ro r  f o r  k, any est imate of 
parameters i s  incomplete t o  a great extent. I n  order t o  compute the  standard 
error ,  we must have a fool -proof  mathematical expression. So, research i s  
needed i n  t h i s  d i rec t ion .  

As a p a r t  of t h i s  study, a l i s t  o f  core journals (consist ing o f  60 journals)  
i s  prepared and i s  given i n  Appendix. 

7. APPLICATIONS OF BIBLIOMETRICS 

I n  the  f i r s t  Conference on Bib l iometr ics held a t  Diepenbeek i n  1987, Tague [201 
has a l read discussed two app l i ca t ion  areas ( f i l e  design and co l l ec t i on  
management{. I n  her paper, she emphasized the  procedures fo r  est imat ing the  
parameters of the  Zipf/Lotka and Bradford d i s t r i b u t i o n  from samples. I n  the  
same conference Bookstein [lI suggested t ha t  one way t o  defend the  r e a l i t y  o f  
b ib l iomet r i c  d i s t r i bu t i ons  i s  t o  demonstrate t h a t  one can make 
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reasonable decisions i n  p rac t ica l  s i tua t ions  by using them. I n  fact, he 
suggested a micro-economic approach t o  a l loca te  resources appropriately, 
especia l ly  for the book co l lec t ion .  

I n  t h i s  conference, I would l i k e  t o  ra i se  again the question of "why b i b l i o -  
metrics?" and t r y  t o  answer i t  purely from a view po in t  o f  my experience i n  
India. I n  the l a s t  f i f t e e n  years o f  my teaching experience, I f ind  students 
are mostly in te res ted  i n  the d i r e c t  appl icat ions of b ib l iomet r ics  ra ther  than 
i n  the theory i t s e l f .  Often they ra ise  questions l i k e  : 
I s  i t  r e a l l y  required t o  use most cmpl ica ted  o r  p robab i l i t y  o r  s t a t i s t i c a l  
models? I s  i t  not possible for  us t o  get the resu l ts  w i t h  desired precis ion 
from simple quant i ta t i ve  analysis of b ib l iomet r ic  data? 

I n  the absence of "quant i tat ive cu l tu re"  among l ib rar ians ,  i t  i s  very d i f f i c u l t  
t o  introduce any k ind o f  b ib l iomet r ic  techniques i n  the day-to-day administra- 
t i o n  o f  l i b ra r i es .  I n  these circunstances, we must perhaps approach the problem 
w i t h  simplest possible toolsltechniques, no matter how simple i t  may be. 

With t h i s  opinion, l e t  me now b r i e f l y  discuss a few areas where b ib l iomet r ic  
analysis are most useful. Among the many b ib l iomet r ic  techniques/tools, 
Bradford's law i s  perhaps the best known b ib l iomet r ic  concepts. Bradford's law 
has found a wide-ranging app l ica t ion  i n  several areas, no t  only r e s t r i c t e d  t o  
journal  product iv i ty ,  bu t  a lso t o  study journal  use patterns i n  special 
l i b ra r i es .  This law can appropriately be applied : 
a) t o  determine the core journals i n  a subject, 

b )  t o  determine the nunber of journals required t o  cover a speci f ied f r ac t i on  
of the t o t a l  per iodical  l i t e ra tu re ,  

C )  t o  determine the completeness o f  the bibliography. 

Bradford's law can u l t ima te l y  help us i n  i den t i f y i ng  core, less-productive 
and leas t  productive journals; i t  may also help us i n  i d e n t i f y i n g  f requent ly  
and in f requent ly  used journals. Such studies are very useful i n  special 
l i b ra r i es ,  especia l ly  i n  countr ies l i k e  India. 

We f i n d  i n  Ind ia  t ha t  receiv ing journals on time i s  a ra re  event, especia l ly  
when most of the l i b r a r i e s  get most o f  t h e i r  journals by surface mail. Because 
o f  the budgetary res t r i c t i ons .  very few l i b r a r i e s  can af ford t o  get the 
journals by a i r -mai l .  I n  such cases, one can get on ly  the core journals by 
a i r -mai l  and the less productive journals may be obtained by surface mai l .  

Also one can subscribe only t o  hard copies of the core journals and t o  
microf iche/microf i lm copies of the less productive journals; a r t i c l e s  
contained i n  the leas t  productive journals may be acquired by way o f  co l l ec t i ng  
i t s  r ep r i n t l p re -p r i n t  and Xerox copies. By adopting such po l i c ies ,  the l im i t ed  
fund may be u t i l i z e d  t o  a maximum extent. 

Special l i b r a r i e s  i n  I nd ia  face ye t  another problem o f  ge t t i ng  required fund 
f o r  binding journals. I n  a l i b r a r y  where 500 t o  2000 journals are subscribed, 
about Rs.25,000 t o  100,000 i s  required t o  b ind the journals. Since hardly 10 
t o  20 1 o f  the journals are used very f requent ly  ( t h a t  too, i n  about 5-6 years 
fran i t s  acquis i t ion) ,  i t  i s  suggested here t h a t  i t  i s  enough t o  bind only 
the freauentlv used iournals.  The l i s t  o f  f reauent lv  used Journals mav be 
obtained by G i n g  the appropriate b i b l i o n e t r i c  techniques.- 

The analysis o f  journal usage data a lso helps us i n  i den t i f y i ng  the optimal 
re ten t ion  period f o r  a journal and the optimal nunber o f  journals t o  be 
maintained i n  the col lect ion.  



J o u m l  Prcductiuity in Economics 277 

As has been discussed by Tague i n  her paper [21 and Ravichandra Rao 1191, 
b ib l iomet r i c  studies, p a r t i c u l a r l y  journal  p roduc t i v i t y  studies, c i r c u l a t i o n  
theory, etc. help us i n  organiz ing records i n  databases very ef fect ive ly .  I n  
such studies, usua l l y  the problem i s  t o  determine the  s ize o f  the  f requent ly  
and in f requent ly  borrowed/used o r  s ize of core co l lec t ion .  Depending on the 
purpose and requirement, the s ize can, however, be determined. 

Other b i b l i ome t r i c  laws, suchas Z ip f ' s  law I221 has i t s  main app l i ca t ion  i n  
information r e t r i e v a l  espec ia l l y  i n  generation o f  automatic/semi-automatic 
indexes t o  a tex t .  Lotka 's  law [151 i s  mainly appl icable t o  determine the s ize 
o f  the e l i t e  sc ien t i s ts .  

B ib l iomet r i c  techniques can a lso be used i n  i d e n t i f i c a t i o n  of trends i n  a 
subject and also i n  the study o f  s c i e n t i f i c  comnunication. 

8. CONCLUSION 

This study indicates t h a t  the  negative binomial d i s t r i b u t i o n  i s  not  r e a l l y  good 
enough t o  describe the d i s t r i b u t i o n  of a r t i c l e s  i n  economics, espec ia l l y  when 
the data i s  heterogeneous i n  nature o r  when the b i b l i og ra  hy i s  incomplete 
(i.e. when the shape o f  semi-logarithmic curve i s  S-shapey. 

However, Leimkuhler's model, when Egghe's a lgor i thm t o  compute the  parameters 
i s  used, f i t s  very we l l  t o  the  empir ical data on rank d i s t r i bu t i ons  o f  
journals i n  economics. Also, i t  i s  observed t h a t  a simple procedure t o  compute 
k ( the Bradford m u l t i p l i e r )  under the assunption r ( the number o f  core 
journals)  = 1 and i t s  corresponding value of yo (tRe nmber of a r t i c l e s  
contained i n  r g )  give r i s e  t o  good approximations f o r  the  parameters of 
Leimkuhler's model (a  and b). 

Further i t  i s  observed t ha t  on ly  15 % o f  the  journals i n  economics contr ibute 
a b u t  10 % of the  t o t a l  per iod ica l  l i t e r a t u r e  i n  economics. 

Research i s  needed i n  the  d i r ec t i on  o f  est imat ing the  parameters of the 
negative binomial d i s t r i b u t i o n  t o  fit the  empir ica l  d i s t r i bu t i ons  o f  a r t i c l e s  
i n  incomplete b ib l iographies and a lso research must be ca r r i ed  ou t  fu r ther  t o  
develop formulae t o  compute the  standard e r r o r  of k ( the  Bradford m u l t i p l i e r ) .  
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APPENDIX : LIST OF CORE JOURNALS IN  ECONOMICS 

( L i s t  prepared based on the quant i ta t i ve  study) 

1. Review o f  Economic Studies 
2. Journal o f  P o l i t i c a l  Economy 
3. Quar te r ly  Journal o f  Econanics 
4. Journal of In te rna t iona l  Econanics 
5. Econometrika 
6. Southern Economic Journal 
7. American Economic Review 
8. Journal o f  Finance 
9. In tegra t ion  Latinoamerican 

10. Journal o f  F inancia l  and Quant i ta t i ve  Analysis 
11. Review o f  Economics and S t a t i s t i c s  
12. Econmic Appliquee 
13. Journal o f  Money, Credi t  and Banking 
14. Planovoe Hozjastvo 
15. Applied Economics 
16. Economic Developnent and Cu l tu ra l  Change 
17. In te rna t iona l  Economic Review 
18. Journal o f  Economic Theory 
19. Journal o f  Publ ic Economy 
20. Revued Economic Pol i t i q u e  
21. Land Economics 
22. Economic Journal 
23. Journal of I ndus t r i a l  Economics 
24. American Journal o f  Agr icu l tu ra l  Economics 
25. Ekonomista 
26. Journal o f  Developnent Economics 
27. Oxford Econanic Papers 
28. Journal o f  Development Studies 
29. Economic I nqu i r y  
30. Journal o f  Economic Issues 
31. Wel twir tschaf t  
32. Wirtschaftwissenchak 
33. Quar te r ly  Review o f  Econanics and Business 
34. Canadian Journal of Economics/Revue Canadienne d'Economie 
35. Development and Change 
36. Economic Record 
37. Planovane Hospodarstvi 
38. Publ ic Finance Quar te r ly  
39. Revue Economique 
40. Acta Occenomica 
41. Econonska Revi ja 
42. Rassegna Econmica (Nawl i ) 
43. Aussenwirtschaft 
44. E k o m i c k y  Casopis 
45. Journal o f  Financial Economics 
46. Maandschrift Econanics 
47. Oxford B u l l e t i n  of Economics and S t a t i s t i c s  
48. American Journal of Economic and Sociology 
49. Revista d i  Econmica Agraria 
50. Trimestre Economics 
51. Finances e t  Developent 
52. Giornale deg l i  Econmnisti Annali d i  Economica 
53. Econonich en Social T i odsch r i f t  
54. Econmica 
55. Review o f  I ncme  and Wealth 
56. Review I n t e n n i t a l l  du T rava i l  
57. Revista In te rna t iona le  d i  Science Econmice Comnerciali 
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58. Revista Internat ionale d i  Science Social i  
59. S t a f f  Papers 
60. Revista Internationale d i  Science and Economiche and Economicile 

Note : I understand from my colleagues who work i n  economics that  the following 
journals are equally important i n  economics and m y  be considered as a 
pa r t  o f  the core journals. However, i n  t h i s  study, we may observe that  
these t i t l e s  do not appear i n  the core l i s t !  

1. World Development 
2. Sankhya 
3. Journal of Econometrics 
4. European Review o f  Agr icul tural  Economics 
5. Journal of Aar icul tural  Economics 
6. Journal o f  ~ i m e  Theory 
7. Journal of Empirical Economics 
8. Be l l  Journal o f  Economics 


