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A bibliometric analysis of productivity patterns
of biomedical authors of Nigeria during 1967–2002
WILLIAMS NWAGWU
Africa Regional Centre for Information Science (ARCIS), University of Ibadan, Oyo State (Nigeria)

Bibliographic data on biomedical literature of Nigeria drawn from articles listed in Medline
covering the period 1967–2002, and numbering 6820 were analysed to study the pattern of
productivity of various author categories using Lotka’s law. The total of 2184 authors who wrote
the papers was divided into four different files, namely all authors, first authors, non-collaborative
authors and co-authors. We hypothesized that the productivity patterns of each of the categories of
authors differed from Lotka’s inverse power law. The results showed that only the co-author
category differed from the inverse power version of the law, while the other categories did not,
although they yielded various exponents.

Introduction
The distribution patterns of scientific publications1 and their sources such as
journals2 and words in a text3 have been observed to reflect certain stable regularities.
These distributions are often characterized by reverse J-shape, positive skewness and
straggling long tails; and are often similar to each other. Generally, these distributions
represent some major social regularities often referred to as bibliometric or informetric
distributions, and which have also been extensively studied.4 Bookstein5 has described
these bibliometric regularities succinctly, and showed why they conform to general
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inverse power law. According to him, the regularities often start with a population of
discrete entities such as articles, journals or any other social observations. Each of these
observations produces something over a time-like variable such as citations received, or
number of articles published, as the case may be. These regularities abound in the social
and biomedical sciences where there often exist some difficulty in conceptualising and
defining precisely what variables would be considered as components of a regularity.
The bibliometric distributions actually originated in 1926, when A.J Lotka, a
biomathematician, investigated the literature output of a sample of chemists, and found
that the number of authors who had published a specific number of papers was
approximately equal to the inverse square of that number multiplied by the number of
authors who had published one paper only. Lotka based his analysis on the power
relation,
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This is very true of Nigeria, despite an early history of attempts in this regard. Right
early in the history of bibliometrics, Aiyepeku14 flagged off bibliometric research on
local literature when he carried out a bibliometric and documentation analysis of
geographical literature of Nigeria. In some of his studies that followed, Aiyepeku15
studied the productivity of geographical authors in Nigeria, and also tested the validity
of Brooke’s probability theory on geographical literature regarding applications of
Bradford’s law.16
More related to this study are Toye’s17 construction of a bibliography on Nigerian
entomological literature, and a study of the characteristics of Nigerian entomological
literature in 1975 based on that bibliography.18 Based on Toye’s bibliography, Alabi19
analysed the productivity of entomological scientists and journals by applying
Bradford’s law. Also, Gupta6 tested the validity of Lotka’s law on four author
categories of the entomological research in Nigeria for the period 1900–1974, namely
all authors, first authors, non-collaborative authors and co-authors. He established that
the inverse square law of Lotka did not apply to any of the categories, although the
inverse power version of the law applied with various exponent values. In another study
on biochemical literature in Nigeria, Gupta20 reported that the inverse square law of
Lotka only applied in two situations: when each author was given full credit for full
authorship and when only first authors were counted. Gupta also showed that a general
inverse power relation with the exponents of 2.3 and 2.9 applied to the data set on noncollaborative authors and co-authors only. Apart from these studies, which focused on
subject areas, some of which are however, related to biomedicine, there is no identified
effort aimed at fitting the general biomedical literature of Nigeria to Lotka’s
distribution.
Methodology
Although some institutions in Nigeria maintain lists of publications of their
scientists, there is no national scientific database in Nigeria that indexes Nigeria’s
biomedical literature of Nigeria. We therefore resorted to Medline of the National
Library of Medicine (NLM), USA, covering a period of 36 years (1967–2002). In this
long period of coverage, Medline indexed only eight of Nigeria’s 121 journals, and this
has implications that the data used in this article covered only publications in those
eight journals, in addition to those published in journals/sources outside Nigeria. This
implies that publications in local and other journals that are not indexed in Medline are
automatically excluded from the data used in this article, and this constitutes a source of
weakness to our result. The data was sourced from Ovid CD-ROM version of Medline
available at the Odeku Library, the medical library of the University College Hospital of
the University of Ibadan, Nigeria.
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Pao10,11 among others, have estimated the parameters α and k, using the least
squares method, a procedure that has been shown to have several drawbacks. The major
setback is that the linear least squares method gives only acceptable results when data
are truncated. But Nicholls21 has shown that the maximum likelihood method is the best
for estimating α. Using this method, Rousseau and Rousseau22 have provided a free
online software, LOTKA, which is capable of isolating all the values of α and k, as well
as testing these parameters for goodness of fit at one, five and ten percent levels of
significance respectively. Rousseau and Rousseau’s programme follows Nicholls’
methodology namely specification of the model (Lotka’s power law), organization of
the data (in a size-frequency form, using all data, i.e. no truncation has been performed),
estimation (using the maximum likelihood approach) and testing (using KolmogorovSmirnov). LOTKA seeks the goodness of fit by comparing Kolmorgorov-Smirnov (K-S)
maximum difference test statistic (|D-Max|) with the K-S table values at 0.01, 0.05 and
0.1 significance levels and given degrees of freedom.
The central characteristic and use of Lotka’s law is that the exponent, α, of the
distribution and the constant, k, are indicators of inequality in the production of
scientists in a bibliography. We will be testing the hypotheses that the productivity
pattern of each of the different author categories in the biomedical literature of Nigeria
differs significantly from the values of the inverse power relationship. This
understanding is very useful for the government, research institutions and other
agencies, which may want to design resource allocation programs based on an informed
of the knowledge of the productivity of the various author categories.
We categorised the authors into four categories namely:
(i) ‘All authors’, in which all authors were counted. This conforms to complete
author counting method in which each of the authors receives a credit equal to one each
time his or her name appears on the byline of an article in the bibliography.
(ii) ‘First authors’ or straight author counting in which only the first authors
received a credit equal to one, neglecting the co-authors.
(iii) ‘Co-authors’ in which only authors who appeared as co-authors were
considered.
(iv) Sole or non-collaborative authors, regarding those authors who appeared as
single authors only.
Data presentation, analysis and discussion
Figure 1 shows the distribution of the articles according to the author categories we
have specified. First authors only contributed 63.06% of the articles; co-authors
contributed 16.48% while sole authors contributed 20.45%. The figure shows that
authors, who published as co-authors only, followed by those who appeared as sole
authors only, contributed the least number of articles all through the period, except
262
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during 2001, while authors who wrote articles as multiple authors appeared to have
contributed the most. When all the authors are aggregated together, their contribution is
obviously higher than both those of the first authors as well as other categories of
authors, and this accounts for the large proportion of authors in the ‘all authors’
category.
To meet with the requirement for using Lotka’s law, we organized the data as a
distribution of articles over authors for each of the categories of authors, as shown in
Table 1.
Table 1 shows that over 59.6% of the authors appeared as ‘first authors only’, and
19.6% appeared as ‘non-collaborative authors only’, while 20.6% appeared as ‘coauthors only’. Hence, the number of scientists appearing as ’first authors only’ was
more than those appearing as either non-collaborative or co-authors. Given the
prevalence of co-authorship in biomedicine, non-collaborative publications could
signify the outputs of authors who either choose to work alone or are from disciplines
where collaboration is not heavy, although such publications are published in
biomedical journals. On the other hand, more scientists appeared as ‘co-authors only’
than those who appeared as ‘non-collaborative authors only’. This might be indicative
of a large number of authors who made opportunistic contributions to formal
biomedical science in Nigeria during the period. These authors either participated in
research activities in which they made significant contributions, which qualify them to
co-authorship, or submitted degree thesis which are probably co-authored by their
supervisors/advisers.

Figure 1. Distribution of articles by the author categories during the period
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Table 1. Distribution of articles over authors
Number of
contributions
(x)
Total
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

All authors (y)
No. of
% of
authors
total
n = 2184
1027 47.028
345 15.797
7.646
167
5.677
124
4.487
98
3.983
87
2.701
59
2.426
53
1.968
43
1.739
38
1.556
34
0.869
19
0.778
17
0.595
13
0.778
17
0.824
18
0.412
9
0.412
9
0.320
7
0
2
1
6
1
6

First authors
No. of
authors
n = 1302
120
115
98
91
65
53
45
33
29
32
16
10
9
8
5
3
1

% of
total
32.850
10.518
9.146
8.765
7.469
7.088
5.107
4.040
3.430
2.515
2.363
2.439
1.372
0.915
0.686
0.610
0.381
0.229
0.076

Non-collaborative
authors
No. of
% of
authors
total
n = 430
52.942
225
9.882
42
9.412
40
6.588
28
6.353
27
5.412
23
4.000
17
2.118
9
1.882
8
0.471
2
0.706
3
0.235
1

Co-authors
No. of
authors
n = 452
264
38
18
48
6
3
6
5
1
1
1
1

% of
total
67.341
9.692
4.590
12.240
1.533
0.761
1.530
1.272
0.252
0.254
0.251
0.254

Figure 2. Size-frequency distribution of authors making x contributions
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We plotted the frequency distribution of the raw observations of number of authors
against number of contributions for the four categories. Figure 2 shows clearly that the
distribution of the various categories of authors in the biomedical literature of Nigeria
actually observes the general form of the bibliometric distributions. Let us now examine
the distribution of authorships in the various categories of authors, and also isolate their
parameters.
Examination of the various categories
Table 2 shows the parameters of the various categories of authors, the KolmogorovSmirnov statistics and their various D-Max values.
Table 2. Parameters of the various author categories
Author categories
All authors

D Max
0.0840

First authors

0.1703

Non-collaborating
authors
Co-authors

0.0997
0.0166

Parameter
α = 1.88
k = 56.38%
α = 1.64
k = 45.74%
α = 1.97
k = 57.94%
α = 2.34
k = 68.04%

N
2184

Df
24

Kolmogorov-Smirnov statistics
1%
2%
10%
0.0349
0.0291
0.0261

1312

24

0.0450

0.0375

0.0337

430

11

0.0793

0.0662

0.0794

452

11

0.0823

0.0687

0.0616

All authors
The entire set of authors in the category of ‘all authors’ was also considered as a
single group, and this was constituted of the 2184 authors in the dataset. An
examination of the distribution of articles in this category (in Table 1) shows that about
47% of the scientists contributed just one article each in the bibliography while about
16% contributed only two items each, and about 7% contributed three articles each. On
the other hand, only about 8% of the authors in the bibliography contributed at least 10
items each. This result compared Lotka’s original result closely. For instance, Lotka had
estimated that out of all the authors in a given field, 60% will have just one publication
each, and 15% will have just two publications each, while 7% of the authors will have
three publications each, and so on; such that only about 6% of authors in any
bibliography in any field could produce up to 10 items each. LOTKA indicated that
α = 1.88, while the intercept was 56.38%. Hence, α has the form of Lotka’s inverse
power law. Also, the data yielded a relatively low proportion of scientists with just a
single contribution in the bibliography, namely k = 56.38% against Lotka’s own
benchmark in which k = 60.79.
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For the hypothesis, Table 2 shows that LOTKA indicated that the |D-Max| = 0.084,
while K-S = 0.0349, 0.0291, 0.0261 at 1%, 5% and 10% significance levels
respectively. We could then see that the Kolmogorov-Smirnov maximum difference
statistic |D-Max| for the all author category is greater than the equivalent critical values
(K-S) at the three levels of significance. We therefore reject the null hypothesis and
conclude that the category of ‘all authors’ did not differ from the general inverse power
distribution.
Only first authors
In this category, the total number of authors, N, was 1212. About 33% of the
scientists in this category made a single contribution each while about 10% made 2
contributions each, and about 9% made 3 contributions each. More than 31%
contributed between 4 and 9 items while about 8% contributed at least 10 items each.
Again, this information can be compared with Lotka’s original isolates to show that the
producers are close to meeting Lotka’s own result.
We established that α = 1.64, using LOTKA (see Table 2). The distribution of the
‘first-author-only’ category in the bibliography also followed the inverse power type of
relationship. The corresponding value k, the proportion of the scientists that contributed
just one item each is 45.74%, very much lower than Lotka’s result of 60.79. In
comparison with the category of ‘all authors’, ‘first authors only’ category seems to
have better productivity parameters, with k being lower relative to ‘all authors’
category. Although the indices differ, this result conforms to that of Gupta6 on
entomological literature of Nigeria, in which he categorized authors the same way as
done in this article. At 18 d.f and 0.05 significance level, the Kolmogorov-Smirnov
maximum difference statistic ((|D-max|)) = 0.1703) was greater than the equivalent
critical values, KS = 0.045, 0.0375 and 0.0337 at 1%, 5% and 10% levels of
significance respectively. We therefore reject the null hypothesis, and conclude that the
slope of the ‘first authors only’ category did not differ from the inverse power law.
Non-collaborative authors
In Table 1, we saw that about 430 scientists made up this category. About 53% of
the scientists produced one item each while about 10% produced two items each, while
more than 9% produced three items. About 24% produced between 4 and 10 articles
while less than 2% produced at least ten items.
LOTKA showed that slope of the distribution of non-collaborative authors α is 1.97,
and, k = 57.94%. Hence, the primitive form of the Lotka’s inverse square form was not
met (α ≠ 2), although the distribution met the inverse power expectation. The
proportion of scientists with only one unit of entry in the bibliography was relatively
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high k = 57.94% in comparison with either the ‘all author’ category or the ‘first authors
only category’.
We also tested whether the observed value of the slope was different from the values
expected from the inverse power law value by comparing the Kolmogorov-Smirnov
maximum difference statistic (|D-max|) with the equivalent critical values, from
Table 2. We found that (|D-max|) = 0.0997 and that K-S = 0.0793, 0.0662, 0.0794 at
1%, 5% and 10% 0.05 significance levels, respectively. Since the maximum difference
statistic was greater than the theoretical value, the hypothesis that the slope of the noncollaborative authors would not differ from the inverse power law was rejected, so that
we conclude that the category of non-collaborative authors did not differ from the
inverse power law.
Co-authors only
The total number of scientists in this category was 452. In this category, about 32%
produced one item each, while more than 17% produced two items each and three items
each were produced by more than 12%of the scientists. We established that for the coauthors category, α, is 2.34. The number of authors with a single article each in the
bibliography was as high as k = 68.04%.
Table 2 shows that at 11 d.f., the maximum difference of the Kolmogorov-Smirnov
statistic was 0.0166 while the theoretical equivalent critical value at 1%, 5% and 10%
significance level are 0.0823, 0.0687, and 0.0616. The maximum difference statistic is
less than the critical values at the specified significance levels, so that we accept the null
hypothesis, namely that the distribution of co-authors only did differ from the inverse
power relation.
Summary and conclusions
What has been done in this article is to test the prescribed author categories of the
biomedical publications of Nigeria listed in Medline during 1967–2002 for fitting to
Lotka’s law of scientific productivity. We have seen that the categories of ‘all authors’,
‘first authors’, ‘non-collaborative authors’ did fit the Lotka’s inverse power law with
different parameters of α = 1.88, 1.64 and 1.97, respectively. As could be seen, the
productivity coefficient of ‘first authors only’ indicated higher productivity parameter
(α = 1.64) than the other categories.
We can compare this result with that of Gupta6 on the subjects of entomology and
biochemistry. Gupta showed that for Nigerian entomological literature, covering the
period 1900–1973, the data on the four categories of authors fitted Lotka’s type of law
with exponent values ranging between 1.8 and 2.4. Gupta further showed that with
respect to Nigerian biochemical literature during 1970–1984, the inverse power law
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applied to the set of non-collaborating authors with an exponent of 2.3 and co-authors
only with an exponent of 2.6. This later result compares with our result with respect to
all authors and first authors, but differed with respect to non-collaborative authors and
co-authors. It is adequate to observe that some short time period in Gupta’s studies on
entomology during (1900–1973) and biochemistry during (1970–1984) lies outside,
while another short period is subsumed by, the time period in our study (1967–2002).
*
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