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Abstract

This paper examines the obsolescence of literature 
produced on Lotka’s law up to 2010, over which time 
no definitive pattern of obsolescence is discernible. 
Cumulative data since then, however, shows a pattern 
of obsolescence at an annual rate of decrease of 9%, 
with a duplication rate of 17.4 years. These statistics in-
dicate a good fit with the exponential model, with an 
R2 of 0.985 at asignificance level of 0.01.
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2 Resumen

Estudio sincrónico de la obsolescencia de la litera-
tura: el caso de la ley de Lotka
Rubén Urbizagástegui Alvarado

Se analiza la obsolescencia de la literatura producida 
sobre la Ley de Lotka hasta 2010. En ese periodo no 
parece haber un patrón de obsolescencia definido. Sin 
embargo, los datos acumulados muestran una compor-
tamiento obsolescente con una tasa de decrecimiento 
anual del 3.9 % y una tasa de duplicación cada 17.4 
años. La estadística indica un buen ajuste al modelo 
exponencial, con un R2 de 0.985 para la literatura a un 
nivel de significancia de 0.01.

Palabras clave: Obsolescencia de la literatura; Ley 
de Lotka; Productividad de autores; Cienciome-
tría; Bibliometría; Informetría.

Introduction

The use of scientific documents decreases with time and age of literature, 
i.e., literature obsolesces; but what does it mean that a document be-

comes obsolete? It is presumed that by never using or citing a particular doc-
ument, the authors, as readers, determine that the document becomes obso-
lete, but if authors continuously cite documents in their works, these keep 
alive and lasting. The citation of a document is influenced by the author’s 
prestige, the recognition he/she has in his/her field and the new discoveries 
described, but the document becomes more and more obsolete if, as time 
passes by, less and less documents cite it. In library and information science, 
this phenomenon is known as “literature obsolescence.” This refers to a de-
crease in its frequency of use or citation, but not to its definite elimination. It 
happens because scientific and technical documents are not always original, 
but based on evidence of previous researches. Such previous evidence can be 
represented in the reference lists published in each new contribution. Thus, 
the evolution of citation frequency according to time allows us to recognize 
the value of the published document. Certainly, past literature is reviewed 
and updated, facts already known about a phenomenon are incorporated 
and merged with new knowledge regarding this phenomenon. Therefore, 
these facts are rewritten and reinterpreted in terms of the new theories, as 
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corrections and refinements of the papers published by scientific journals, 
but it is uncertain when that literature will become “obsolete.” Studies on 
publication obsolescence have become common, encouraged by the work 
of Price (1965: 512), who suggested that “every year about 10% of all arti-
cles ‘dies’ by not being cited again.” Data collected to measure document 
aging gave rise to the general conclusion that the use of literature declines 
with time, according to a negative exponential distribution, although other 
authors postulate a log-normal distribution as the most suitable to measure 
literature obsolescence (Egghe & Ravichandra Rao, 1992b; Gupta, 1998).

There are two methods to study obsolescence: the synchronic method 
and the diachronic method. Synchronic obsolescence analyzes the use in the 
past of a document sample in which half-life would be the statistical medi-
an (the point in which 50% of the frequencies of citations is grouped) con-
sidering the years in reverse chronological order. Diachronic obsolescence 
requires the selection of a point in the past to look into the future. Howev-
er, some authors argue that synchronic and diachronic studies produce the 
same results (Stinson, 1981; Stinson & Lancaster, 1987), suggesting a prefer-
ence for the synchronic method. Both studies can also be performed retro-
spectively (Egghe & Rousseau, 2000).

Although it is possible to know literature’s half-life, it is not yet possible 
to know when it really begins to age and is not cited anymore, or the rea-
sons for this. Is access to the document what is influencing literature obsoles-
cence? Does document language affect obsolescence? Or is the discovery of 
new models or methods for the discipline measurement or evaluation what is 
affecting?

It is not always possible to carry out the obsolescence analysis using the 
printed citation indexes or those available online such as Science Citation In-
dex, Social Science Citation Index, etc. First, because these citation indexes 
favor Anglo-Saxon production in the document compilation process, to the 
detriment of the production of other regions; secondly, because these index-
es emphasize the collection of documents in English, once again at the ex-
pense of other languages. For these reasons, the only option to carry out this 
research was to develop a database of my own to examine, analyze, evaluate 
and communicate the results.

Based on the above, the objective of this work is to analyze the existence or 
non-existence of “literature obsolescence” in a sample of documents published 
from 2007 to 2009 (86 citing documents) dedicated to study Lotka’s law, oppo-
site to a total of 663 citable and available documents published from 1926 un-
til 2006. The theoretical model is explained in a separate chapter. Incidentally, 
the study will analyze the languages of documents included in the sample and 
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2 the most frequent languages cited by documents published in English, Portu-
guese and Spanish from the sample of 86 documents. Bradford’s law will be 
used to identify cited authors in the nucleus and succeeding zone; i.e., those 
more frequently cited and whose articles will have increased possibilities to es-
cape from “obsolescence.”

In general, this type of studies has been performed counting all the cita-
tions included in a sample of documents published during a specific period 
without any type of separation and/or discrimination. In this case, the in-
terest is on the obsolescence of documents dedicated to analyze Lotka’s law, 
which will also cite other previous documents studying and/or applying Lot-
ka’s law.

Theoretical framework

The term “obsolescence” first appeared in Gosnell’s work (1943). Later, 
during the International Conference on Scientific Information held at Wash-
ington, it was stated that: 

[... ] Many studies show that the effective life of a piece of scientific information 
in the different fields of science is vastly different. The true half-life of a particular 
piece of information can be defined as the time after publication up to which half 
the uses (references) or enquiries about the piece of information was made. This 
is extremely difficult to evaluate, though it would be well worth doing. Instead 
we are obliged to use what might be called the back half-life of a group of similar 
pieces of information —paper in a given journal for instance. This can be defined 
as the time counted back from a given date within which half the requests for, or 
references to, information have occurred. This period is about two years for Phys-
ics and fifteen for Biology (Bernal, 1958: 86).
(Modified from: https://books.google.com.mx/books?id=BksrAAAAYAA-
J&pg=PA77&lpg=PA77&dq=Bernal,+J.+D.+(1958),+%E2%80%9CThe+-
transmission+of+scientific+information%E2%80%9D,&source=bl&ots= 
y-Y77FavZ_&sig=kOmJ_DL7aEGYI4Jymm8034aoNu4&hl=es&sa=X-
&ved=0CCYQ6AEwAWoVChMI3Pvb35CNxgIVgRiSCh1UcAge#v=one-
page&q&f=false (Consulted: June 13, 2015))

Following this same idea of half-life, Burton & Kebler (1960) postulated 
that literature becomes obsolete instead of disintegrating and half-life means 
“half of the active life” or the time during which half of the literature was pub-
lished. Researches seem to indicate different results, so much so that Bourne 
(1965) stated that most of the reported “half-lives” was valid only for the stud-
ied samples, and could not be generalized for all scientific and technical activ-
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ities. Shortly after, Ewing (1966) carried out a diachronic study of papers pub-
lished in a Physics journal and found that the number of citations decreased as 
the year of publication was closer to the current year. This aging rate was more 
dramatic when adjusted, based on the growing of literature published in that 
journal. The “intensity of citations” was seven times higher in 1955 than in 
1964, and showed a half-life of 3.5 years and an obsolescence rate of 8.0 years.

The interest to understand literature obsolescence continued growing 
and Line (1970a) tried to specify the meaning of the term “half-life”, since 
in his opinion, the commonly used sense was inadequate and with a limited 
value. If the collection growth rate is faster or lower than the growth rate of 
literature produced in the study area, half-life can be in some cases too big 
or too small. Therefore, literature half-life would be composed by the obso-
lescence rate and literature growth rate. However, these statements are not 
free from criticisms, so much so that Brookes (1970a) discusses Line’s text 
and states that “[…] a recent theoretical analysis of the relationship between 
growth rate and obsolescence rate of periodic scientific literature carried out 
by Line is based on certain implicit assumptions that have to become explic-
it, to be questioned later. The theoretical problem of measuring obsolescence 
rates when literature is growing is more complex that the analysis suggested 
by Line and, thus, to clarify this issue, the concept of ‘utility’ in periodic lit-
erature will be introduced and applied. The practical problem of measuring 
an obsolescence rate, which actually depends on the sample of a geometric 
distribution, should be discussed also, because it can be demonstrated that 
the technique proposed by Line requires an accuracy that is impossible to 
reach in the library context.”

Next year, Sandison (1971a) stated that there was no apparent reason 
by which older literature would always have a declining interest. Seymour 
(1972a, b) carried out two reviews of state-of-the-art researches on literature 
obsolescence publishing these in two parts, one referred to monographs and 
the other to periodic publications, in which she affirmed that obsolescence 
studies were the result of two factors: the explosion of publications and the 
lack of available space in libraries. In that same year, Chen (1972) observed 
a rapid decline in the use of journals as these were older. Sandison (1974) 
analyzed again Chen’s data (1972) and found that most journals showed 
an increase in the density rate according to age. These observations were 
enough for Line & Sandison (1974) to define obsolescence as the decrease or 
fall into time of the validity or utility of information. However, studies and 
discussions on this matter continued with Bulick et al. (1976); Taylor (1976-
1977); Longyear (1977); Bronmo (1978); Abramescu (1979); Gapen & Milner 
(1981); Wallace (1986); McCain (1987); Heisey (1988) and other authors.
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2 By that time, the way to carry out studies on literature obsolescence was 
clear. For example, Gupta (1990) observed that, in Physics, both the num-
ber of citations and density rate decreased with age, showing a half-life of 
4.9 years and both fitted to an exponential model. Literature obsolescence 
can also be influenced by unknown factors; thus, Ravichandra Rao & Meera 
(1992) investigated the influence of literature growth rate on the obsoles-
cence rate and demonstrated that, in the synchronic case, the faster literature 
grows, the faster it becomes obsolete. Egghe & Ravichandra Rao (1992b) al-
so demonstrated that the obsolescence factor defined by Brookes (1970a) as 
an independent constant of time is not actually a constant, but a statistical 
function of time, since generally, citation data is not exponentially distrib-
uted, as Brookes stated (1970a). In practice, obsolescence presents an initial 
growth followed by a form of exponential decline, so, no obsolescence factor 
is independent from time, since this factor is independent from time only in 
the case of an exponential distribution. Egghe & Ravichandra Rao (1992b) 
stated that log-normal distribution is the model that best describes both the 
initial growth of citations and the subsequent decline.

Egghe (1994) studied the combination of growth with obsolescence 
stating that both phenomena can be studied with the same mathematic 
techniques. In the synchronic case, obsolescence increases with literature 
growth; in the diachronic case, the effect is opposite. Van Raan (2000) states 
that, without any doubt, the aging of the oldest published literature is part 
of reality, but the other part of reality is that in the initial phases of any disci-
pline much less published documents exist than in more recent years; there-
fore, reference distribution according to years always has a combination of 
aging and scientific literature growth phenomena. With this vision in mind, 
Van Raan (2000) carried out a synchronic study of the references of all arti-
cles published in 1998 and included in the Science Citation Index. Results 
revealed that citations ranged from 1500 to 1998, but the period from 1500 
to 1800 was characterized by much more “noise”; i.e., citations with very low 
frequency in published literature, so citations from 1800 to 1998 were paid 
more attention, showing a literature age-dependent nonlinear growth.

Egghe & Ravichandra Rao (2002b) analyzed the age of the first references 
of articles published in the Journal of the American Society for Information 
Science (JASIS) between 1985 and 1986. These first citations can be consid-
ered as a diachronic analysis of citations, since these are important in the life 
of an article. If the article is first used in a specific period, its status changes 
from “not used” to “used”, reason why this is also a measure of its use “imme-
diacy”. Results revealed that log-normal distribution describes and fits very 
well to the age of the first references. Burrell (2002b) did not use formal sta-
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tistical methods to evaluate the goodness of fit of log-normal, Weibull and 
log-logistic distributions, but instead used graphical methods to carry out a 
retrospective study (synchronic) of citations in a document. Paraphrasing the 
technical reliability studies in “life time” of mechanical objects, suggested 
that citations’ age is not a continuous variable but a discrete variable. In or-
der to illustrate this graphic method, he used five sets of data from surveys 
carried out by Egghe & Ravichandra Rao (1992b) and Gupta (1998). The 
author concluded that the log-normal distribution model shows more suc-
cess describing the fitting of the distribution of retrospective citations (syn-
chronic) of documents, confirming previous studies such as that of Egghe & 
Ravichandra Rao (1992b). He emphasized this subject again in subsequent 
articles (Burrell, 2002b, 2003a, b), stating that it seemed reasonable to think 
that when citing articles, it is not always possible to cite the newest articles, 
because these are not very well known or they are not already incorporated 
into the knowledge of researchers. Thus, most citations would be of median 
age articles, which constitute the majority of references and have more prob-
ability to be cited. Then, older articles would be selectively cited to provide a 
historical perspective in performed researches.

Ahmed, Johnson, Oppenheim & Peck (2004) carried out a diachronic 
study of the paper on the DNA double helix structure, published in 1953 by 
Watson and Crick (1953). They used the printed volumes of the Science Ci-
tation Index from 1961 to 1980, and the Web of Science, for the period from 
1981 to 2002. They observed 2,061 citations, with a mean of 49 citations per 
year. The authors concluded that this article is continuously being cited 50 
years after its publication and found no explanation about why it is still cited. 
Glänzel (2004) offered a panoramic view of aging from the perspective of 
the reliability theory, representing different aspects that can be analyzed by 
both methods, synchronic and diachronic. If document citations are consid-
ered as a way to use information in the scientific communication process, the 
“technical reliability” of a scientific article expresses the realization of the 
intended function; i.e., to be read, to have some impact on scientific research 
and that its reliability can be measured by citations. As with any other tech-
nology that does not function correctly, it can be considered that an article 
never cited only performed its intended function satisfactorily at the time of 
its publication. Therefore, the concept of “technical reliability” implies a dia-
chronic perspective (prospective).

More recently, Zafrunnisha & Reddy (2010) studied the obsolescence of 
Ph.D. theses in Psychology from 1963 to 2005 in four universities in India. 
They found the half-life for this literature is 14 years for articles and 19 years 
for books.
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2 Theoretical model

Literature obsolescence is measured through the citation analysis technique. 
This technique presumes an association relationship between the cited docu-
ment and the citing document. Authors persistently and constantly cite more 
current documents to the detriment of older documents, which are set aside 
in their frequency of use (citations), and are condemned to obsolescence, be-
cause few people or nobody uses them (cite). This idea of a relationship be-
tween citing documents and cited documents makes up the theoretical model 
of this research and is presented in Figure 1. This article will be based on 
literature published on “Lotka’s law” from 1926 to 2010. Until 2010, 663 doc-
uments were published in different languages, from which only the citations 
of 86 documents published between 2007 and 2010 were considered.

The elaboration logic of new research documents suggests that any au-
thor having written an article in 2008 on Lotka’s law had 605 documents 
available, produced up to the previous year (2007), to be retrieved, reviewed 
and cited. Likewise, any author having written in 2009 an article on Lotka’s 
law had available the 605 documents produced until 2007 plus 27 docu-
ments published in 2008; i.e., a total of 632 publications to be retrieved, re-
viewed and cited. Similarly, an author having written in 2010 an article on 
Lotka’s law had available the documents produced until 2007 (605 docu-
ments), plus those produced in 2008 (27 documents), plus those produced in 
2009 (28 documents) for a total of 663 documents to be retrieved, reviewed 
and cited. In this potentially citable literature is where literature obsoles-
cence is intended to be measured. It is expected that citations to previous 
documents, if information obsolescence exists, be exponential as those ob-
served in other researches and listed in the literature review. The absence of 
this scatter plot dispersion in the observed data would indicate that obsoles-
cence does not exist and the cause of this form of dispersion of the cited liter-
ature would have other unknown causal variables not analyzed in this work.

Figure 1. Theoretical model of the research.

Documentos citables
2007 = 605
2008 = 632
2009 = 663

Documentos citados
(Obsolecencia)

86 documentos
citantes

(2007-2010)

Documentos citables = Citable documents
Documentos citantes = Citing documents
Documentos citados = Cited documents
Obsolescencia = Obsolescence
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Methodology

In order to identify published documents, a search in all databases of DIA-
LOG was performed with the terms Lotka?(5n)Law?. This search strategy 
resulted in a total of 515 records, which after depuration of duplicates and 
false retrievals the total was 457 bibliographic references. These 457 referenc-
es were transferred to Pro-Cite 5.0 for the elaboration of a specific database 
for this subject. In addition, searches were performed in the Information Sci-
ence Abstract (ISA), Library Literature (LL) and Library and Information 
Science Abstract (LISA), Web of Knowledge, Scopus and Latin-American 
databases such as Infobila of Mexico and LICI from the Instituto Brasileiro 
de Informação em Ciência e Tecnologia (IBICT). Likewise, Chinese databases 
were consulted with China Academic Journals via EastView Online Services 
and Japanese databases via CiNii: Citation Information by National Institute 
of Informatics, Japanese Scholarly & Academic Information. Thus, an analyt-
ic bibliography on Lotka’s law was gathered listing a total of 691 bibliograph-
ic references, including journal articles, book chapters, papers presented in 
congresses, brochures and letters to editors of specialized journals in Library 
and Information Science, produced and published from 1926 until December 
2011.1 From these 691 documents included in the database in Pro-Cite 5.0, 
only documents published in 2008 (27 documents), 2009 (31 documents) and 
2010 (28 documents) were used as base documents, for a total of 86 docu-
ments, from which citations refering to the 663 documents published be-
tween 1926 and 2007 were isolated.

The exponential model was considered to measure data of retrieved cita-
tions, a model that published literature suggests to better describe the observed 
distribution of citations. The exponential decrease represents a reduction of 
the population in a fixed ratio in each time unit. It also considers a constant 
decrease rate with an undefined decrease limit. The model not only offers a 
mean decrease rate, but provides a duplication rate of that decrease; i.e., a rate 
in which the population size is reduced to a half. According to Egghe & Ravi-
chandra Rao (1992b: 201), only “the obsolescence factor a must be determined, 
since both half-life and the utility factor are simple functions of a”. Mathemati-
cally, this function is represented as:

     (1)

for t ≥ 0 and when parameter θ > 0.

1 The author keeps a bibliographic database in Pro-Cite 5.0 on this subject, which he conti-
nuously updates as years go by, adding new records permanently.
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2 Based on this proposal, obsolescence factor a is defined as

     (2)

In the case of equation (2), a(t) is independent from t, so

that Egghe & Ravichandra Rao (1992a) define as the aging factor

     (3)

However, in practice many fluctuations occur in the values of citations 
with zero years of obsolescence or with the first five years of obsolescence. 
The best way to overcome this issue was proposed by Brookes (1973). Then, 
presuming equations (1) and (2) are true, it can be stated that

     (4)

If m indicates the total number of citations to publications with t years 
old,

where T indicates the total number of citations. Therefore,

     (5)

However, in general, data of citations do not fit to equation (1) and show a 
different outline. Outlines of data most frequently found in researches show 
an initial growth of citations followed by an exponential decrease. Then, 
“there is no way to find an aging factor a independent from t: a is only inde-
pendent from t in the case of exponential distribution” (Egghe & Ravichan-
dra Rao, 1992b: 203). For this reason, these authors recommend the use of 
the half-life and state that total utility factor U is directly related to the aging 
factor through the formula:
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(6)

for t ≥ 0.

Certainly, frequency of citations in literature published in any knowl-
edge area decreases in time, so the older the document, the lower its possi-
bilities to be cited, but how this decrease happens is unknown. Therefore, 
by studying literature obsolescence, a relationship is suggested between the 
age of literature (independent variable), measured in years, and the number 
of citations (dependent variable), measured in volume of produced citations. 
This relationship can be statistically modelable, in such a way that a disper-
sion graph (scatter plot) is built to evaluate the fit of the model based on the 
observed data. This allows us to evaluate if certain regularity exists in the 
distribution of the observed frequencies, and when that regularity is similar 
to the curve shown in the scatter plot, this curve is fitted through a nonlin-
ear regression. The exponential distribution will evaluate if the frequency of 
citations in documents according to the years (t) derives from a nonlinear 
distribution. That is, the probability that the frequency of citations in the 
sample is equally probable for all citations in the same situation. As a high 
correlation between dependent and independent variables is expected, that 
correlation will be explored through Pearson’s correlation coefficient. The 
analysis of variance and the calculation of the slope and the intercept of the 
exponential distribution were carried out using the estimation method of 
nonlinear regression curve with the statistical software SPSS 17.0 and Math-
ematica 5.0 for Windows.

Results

In spite of those affirming that researches in this area “have been exhaustive-
ly analyzed and demonstrated since 1926, so currently it can be considered 
these conform part of the bibliometrics knowledge and little new informa-
tion can be contributed [...] and these are no longer beneficial or no more 
works are published on this subject” (Referee of the Revista Española de 
Documentación Científica, 2011), the interest to investigate this field still is in 
permanent growth, so much so that in these three years (2008-2010) 15% of 
the total documents existing until 2007 were incorporated into this subject. 
Not for nothing Urbizagástegui (2009: 120) affirms that this area grows with 
an annual rate of 7% and duplicates its volume every 10.2 years. However, 
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2 obsolescence of this published literature, languages in which it is written, or 
citations of these documents have not been studied. Naturally, the language 
of the published document and the language of citations referenced in publi-
cations have obvious implications in literature obsolescence. Table 1 depicts 
the languages of the 86 documents studied by year of publication.

Table 1. Languages of documents published by years.

Years English Portuguese Chinese Spanish Turkish German Total

2008 16 5 3 2 1 - 27

(59.3) (18.2) (11.1) (7.4) (3.7) - (100.0)
2009 21 4 3 2 - 1 31

(67.7) (12.9) (9.7) (6.5) - (3.2) (100.0)
2010 26 1 - 1 - - 28

(92.9) (3.4) - (3.4) - - (100.0)
Total 63 10 6 5 1 1 86

(73.3) (11.6) (7.0) (5.8) (1.2) (1.2) (100.0)

* Numbers in parenthesis indicate percentages.

English language (73%) dominates the production of documents, fol-
lowed by publications in Portuguese (12%), Chinese (7%) and Spanish 
(6%). Publications in Turkish and German are less significant and represent 
just 1% of the total documents published in the studied period. Consistently 
over the years, three times more documents are published in English than in 
the other languages about Lotka’s law.

Table 2 shows the languages cited by the 63 documents published in 
English in the study period (2008-2010). Consistently over the years, those 
publishing in English only cite documents in English. For example, 16 doc-
uments were published in English in 2008 and these documents cited 358 
times other documents also published in English, representing 98% of the 
total number of documents cited that year. Likewise, in 2009, documents 
written and published in English were cited 662 times, representing 94.4% 
of the total number of documents cited that year. From the 26 documents 
published in English in 2010, all (100%) only cited other documents pub-
lished also in English. In general, in the 3-year period analyzed, 97% of cita-
tions are from documents published in English.

Table 2. Citations of documents published in English.

Years No. docs. Citations 
in English

Citations 
in French

Citations 
in German

Citations 
in Dutch

Citations 
in Spanish

Citations 
in Portu-

guese

Citations 
in Catalan

Total 
citations
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2008 16 358 3 1 1 1 1 - 365

(98.0) (0.82) (0.3) (0.3) (0.3) (0.3) - (100.0)

2009 21 625 1 - - 30 3 3 662

(94.4) (0.15) - - (4.5) (0.45) (0.45) (100.0)

2010 26 491 - - - - - - 491

(100.0) - - - - - - (100.0)

Total 63 1474 4 1 1 31 4 3 1518

(97.0) (0.3) (0.07) (0.07) (2.0) (0.3) (0.2) (100.0)

* Numbers between parenthesis are percentages.

Table 2 also shows an anomalous behavior in 2009. In that year, 30 ci-
tations were generated in Spanish, but these citations derived from a single 
document published in English whose author lives and work in a Span-
ish-speaking region, but is forced to publish in English because it seems this 
way the document will be more visible and ensure a broad international dis-
semination; in other words, the author is seeking the way “to reach a fair-
er visibility of our scientific production in information sciences” (Miranda, 
1981; 1982).

Three variables could be involved here: one can be the endogamy of 
those publishing in English claiming that “the language of science is En-
glish” (Price, 1971; Baldauf, 1986) and are not concerned in consulting 
documents in languages other than English because they underestimate 
documents published in other languages. Another variable can be the lack 
of familiarity or ignorance of foreign languages, it would seem that those 
whose native language is English do not know other language and this rein-
forces the endogamic behavior. The last variable can be the accessibility to 
documents produced in languages other than English, but since this subject 
is mostly published by specialists in Library and Information Science, who 
know all mechanisms to retrieve required information, there is no appar-
ent reason to explain this variable of document access. It is hard to believe 
that accessibility may be one of the factors driving the lack of concern to cite 
documents published in languages other than English. Maybe it could be ar-
gued cost is involved, but that variable does not seem feasible either. There-
fore, the thesis of endogamy is reinforced.

This does not seem to occur with those publishing documents in other lan-
guages. Table 3 shows the documents published in Portuguese. The 10 docu-
ments published in the study period included a total of 353 citations to other 
documents published from 1926 to 2007. From these 353 citations, 44% were 
to documents published in Portuguese and 52% to documents published in 
English. Only in 2010, a high concentration of citations to documents in Por-
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2 tuguese (86%) was observed. Citation to publications in English seems to be 
permanent, consistent and similar to publications in Portuguese. Citation of 
publications in other languages is less significant, i.e., the follow-up of publi-
cations in Spanish, French and German is almost nonexistent. Clearly, authors 
publishing in Portuguese cite the production of those publishing in English, 
along with that published in their domestic cultural context.

Table 3. Citations of documents published in Portuguese.

Years No. docs. Citations in 
Portuguese

Citations in 
English

Citations in 
Spanish

Citations in 
French

Citations in 
German

Total cita-
tions

2008 5 85 62 4 - - 151

(56.3) (41.0) (2.6) - - (100.0)

2009 4 39 118 7 2 - 166

(23.5) (71.0) (4.2) (1.2) - (100.0)

2010 1 31 3 - - 2 36

(86.1) (8.3) - - (5.5) (100.0)

Total 10 155 183 11 2 2 353

(44.0) (51.9) (3.1) (0.56) (0.56) (100.0)

* Numbers between parenthesis are percentages.

This behavior is similar among those publishing in Spanish. From the 
five documents published in this language in the study period (see Table 4), 
37% are citations to documents of the same language; 58% to documents 
published in English; 3% to documents in French and 2% to documents in 
Portuguese. In this case, endogamic behavior does not seem to have a pre-
dominant role. With the exception of 2009, one fifth of citations is directed 
to documents published in English. Therefore, those publishing in Spanish 
are also aware of documents published in their own language and docu-
ments published in English. 

Table 4. . Citations of documents published in Spanish.

Years No. docs. Citations in 
Spanish

Citations in 
English

Citations in 
French

Citations in 
Portuguese

Total citations

2008 2 18 6 4 - 28

(64.3) (21.4) (14.3) - (100.0)

2009 2 9 59 - 2 70

(13.0) (84.0) - (3.0) (100.0)

2010 1 18 5 - - 23
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(78.3) (21.7) - - (100.0)

Total 5 45 70 4 2 121

(37.2) (57.9) (3.3) (1.7) (100.0)

* Numbers between parenthesis indicate percentages.

This confirmation brings disastrous consequences for authors publishing 
in languages other than English. Since literature obsolescence is measured 
through citations of documents, who publishes in English only cites docu-
ments published in English, and documents published in English are more 
numerous (73%), the documents published in other languages come to life 
with no possibility of being read by that “international community” to which 
a “fairer visibility” is demanded (Miranda, 1981; 1982). That is, those not 
publishing in English write for a public that is not going to read or cite these 
documents because they do not cite documents in languages other than En-
glish, either because they are not familiarized with other languages, or due to 
the endogamy that characterizes them. So, if obsolescence exists, it will only 
occur among documents published in English, since documents published 
in other languages come to life obsolete even before being written. There-
fore, the consumption of information produced in languages other than En-
glish will be restricted to the region where it is produced, that is, to a local 
consumption among those who know the author’s language.

The 86 documents of the sample were produced by 95 authors, who in the 
study period received a total of 416 citations. Bradford’s law was used to identify 
the most cited authors resulting in three consistent zones.2 The zonal division is 
included in Table 5. The central nucleus is formed by 6 authors cited on average 
24 times; the succeeding zone includes 16 authors, cited on average 8.5 times, 
and a dispersion zone formed by 73 authors cited on average 2 times in the three 

2  One of the reviewers of this article states that “There are serious doubts about the use of 
Bradford’s law to qualify the distribution of citations of the authors in this area: it is not de-
monstrated in the text or supported in the compared literature, that citations follow a similar 
model to that of literature distribution in the sources in which these are published. The fact 
that the law can be applied does not imply it makes sense to apply it. Alternative methods to 
describe such distributions exist, such as the use of quartiles, deciles or graphical representa-
tions like Box-plot diagrams” (Reviewer No. 1). Without engaging in any unnecessary contro-
versy, is common sense not to use “quartiles, deciles or graphical representations like Box-plot 
diagrams” to identify the most cited authors. And since this reviewer demands “hired litera-
ture” I only mention Hubert (1978) and Yablonsky (1980), who discussed the equivalence of 
Bradford’s law, Lotka’s law and Zipf’s law. However, Chen & Leimhkuler (1986) derived a 
functional relationship common between these three bibliometric laws. Therefore, it is legi-
timate to apply one law or another to citations, it only requires creativity. This same assessor 
demands the inclusion of citations data, but since these cover from 1926 to 2010 they require 
three pages, making this article longer than the extension allowed by the journal, which is 
already requesting a smaller extension. Thus, those interested in these data can request them 
directly from the author, who will gladly provide them.
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2 years studied. Until 2010, a total of 728 authors had participated in the publica-
tion of at least one article, but only 13% of the authors active in this discipline 
were cited. In other words, 87% of the authors producing literature on this sub-
ject are not read or cited. This means that barely 0.8% of the authors active in 
this field has been cited 19 times or more in the studied period and most of these 
authors write and publish in English.

Table 5. Authors according to Bradford’s zonal division.

Zones No. of authors No. of citations Citation average

1 6 144 24.0

(6.3) (34.6)

2 16 136 8.5

(16.8) (32.6)

3 73 136 1.9

(76.8) (32.6)

Total 95 416 4.4

* Numbers between parenthesis indicate percentages.

If authors who have been cited one or more times are considered, hardly 
6% of them are cited continuously in one third of the documents, and two 
thirds of the documents cite only 23% of the observed authors. That is, in this 
discipline, barely 23% of the observed authors have possibilities to survive, 
escape from obsolescence and be visible to a community called “internation-
al”. From the 728 authors active in this subject only 95 of them were cited one 
or more times between 2007 and 2010. Additionally, only 22 of them were 
cited more than 4 times. These 22 authors are the ones who have the greatest 
possibilities of establishing in the discipline, survive and escape of obsoles-
cence. Figure 2 shows the outline in semilogarithmic scale of the observed da-
ta. The outline clearly shows a Bradfordian behavior with an initial concave 
portion subsequently transforming into a straight line indicating the authors’ 
dispersion. The nucleus is formed by the 6 first authors listed in Table 6.

Figure 2. Outline of authors according to citations.

No. de autores = No. of authors
No. de citas = No. of citations
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Although it was already demonstrated that the inverse square model 
proposed by Lotka (1926) does not support a statistical test and that other 
alternative models have been proposed to better predict authors’ produc-
tivity, like the generalized inverse power model, generalized inverse Gauss-
ian-Poisson model, and Poisson log-normal, among others, this author is still 
very cited. The mechanism of obliteration by incorporation seems to be in-
applicable in the case of Alfred J. Lotka. The same can be said about Price’s 
text, since the chapter “Galton revisited” in his book Little Science, Big Sci-
ence (Price, 1963) is the third most cited (17 times) followed by Price’s article 
(1976), which is cited 5 times.

Table 6. Most cited authors.

Authors in the nucleus No. of citations

Lotka, Alfred J 39

Pao, Miranda Lee 24

Price, John Derek de Solla 22

Rousseau, Ronald 20

Nicholls, Paul Travis 20

Egghe, Leo 19

Authors in the succeeding zone No. of citations

Potter, William Gray 16

Vlachý, Jan 14

Urbizagástegui Alvarado, Rubén 12

Chung, Kee H. 11

Patra, Swapan Kumar 10

Kretschmer, Hildrum 10

Bookstein, Abraham 8

Newby, Gregory B. 7

Rowlands, Ian 6

Gupta, B. M. 6

Schorr, Alan Edward 5

Nath, Ravinder 5

Sen, B. K., Che 4

Radhakrishnan, T. 4

Kuperman, Victor 4

Huber, John C. 4

The second most cited is Miranda Lee Pao, but citations to this author 
include 4 different documents. The most cited document is Pao (1985) which 
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2 is cited 14 times followed by Pao (1986) which is cited 8 times and other two 
documents with one citation each. From Ronald Rousseau 5 different docu-
ments are cited, being the Rousseau & Rousseau document (2000) the most 
cited (13 times), Rousseau (1992) 2 times, Rousseau (1993) 2 times and other 
two documents with one citation each. From Paul Travis Nicholls 4 different 
articles are cited, Nicholls (1989) 9 times, Nicholls (1986) 9 times and Nicholls 
(1987, 1988) 2 times each one. From Leo Egghe 14 different documents are 
cited, one 4 times (Egghe, 2005a), another 2 times (Egghe, 2005b) and the 
remaining one citation each. In general, authors in the nucleus have diverse 
amounts of publications with different frequencies of citation. This same be-
havior pattern is repeated with authors in zone 2 located in the succeeding 
zone. In other words, the more published documents, the more possibilities 
of being cited.

Figure 3 shows the distribution of citations ordered from the newest to 
the oldest. Although a growth in citations can be observed for the first 5 
years, no defined obsolescence pattern is observed, since the oscillation of ci-
tations represented in the bar graph is notorious. For example, the most ele-
vated bars represent, respectively, the most cited publications of authors like 
Alfred Lotka, Miranda Lee Pao, John Derek de Solla Price, Ronald Rous-
seau, Paul Travis Nicholls and Leo Egghe. If it had not been for these au-
thors, citations would be grouped in four well-differentiated sections, three 
of these groups very integrated and the last very dispersed. 

Figure 3. Distribution of citations according to the age of the literature.

No defined obsolescence pattern exists. An exponential pattern of obso-
lescence would show a decrease from the initial point constantly descending 
up to the end of the distribution. This decrease is not clearly observed in the 
bar graph in Figure 3. That decrease should be very similar to the outline in 
Figure 4.
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Figure 4. Exponential model of obsolescence.

A log-normal pattern of obsolescence would show a very slow initial in-
crease, reaching a maximum level in the first four or five years. From that 
maximum inflection point, it would begin to descend up to the end of the 
distribution. That initial growth, despite it seems to appear in the first five 
years, is very irregular and does not represent an actual and consistent 
log-normal process of obsolescence (Figure 3). A log-normal decrease model 
is shown in Figure 5.

Figure 5. Log-normal model of obsolescence.

Figure 6. Distribution of observed accumulated citations according to age.

The distribution of accumulated citations by age seems to produce an 
exponential distribution of obsolescence (Figure 6). An exponential de-
crease can be seen as cited literature ages; also, a trend is evident, high val-
ues of frequencies of citations are associated with the age of most recent lit-
erature. Lower values of frequencies of references are associated with older 
literature cited. 

is cited 14 times followed by Pao (1986) which is cited 8 times and other two 
documents with one citation each. From Ronald Rousseau 5 different docu-
ments are cited, being the Rousseau & Rousseau document (2000) the most 
cited (13 times), Rousseau (1992) 2 times, Rousseau (1993) 2 times and other 
two documents with one citation each. From Paul Travis Nicholls 4 different 
articles are cited, Nicholls (1989) 9 times, Nicholls (1986) 9 times and Nicholls 
(1987, 1988) 2 times each one. From Leo Egghe 14 different documents are 
cited, one 4 times (Egghe, 2005a), another 2 times (Egghe, 2005b) and the 
remaining one citation each. In general, authors in the nucleus have diverse 
amounts of publications with different frequencies of citation. This same be-
havior pattern is repeated with authors in zone 2 located in the succeeding 
zone. In other words, the more published documents, the more possibilities 
of being cited.

Figure 3 shows the distribution of citations ordered from the newest to 
the oldest. Although a growth in citations can be observed for the first 5 
years, no defined obsolescence pattern is observed, since the oscillation of ci-
tations represented in the bar graph is notorious. For example, the most ele-
vated bars represent, respectively, the most cited publications of authors like 
Alfred Lotka, Miranda Lee Pao, John Derek de Solla Price, Ronald Rous-
seau, Paul Travis Nicholls and Leo Egghe. If it had not been for these au-
thors, citations would be grouped in four well-differentiated sections, three 
of these groups very integrated and the last very dispersed. 

Figure 3. Distribution of citations according to the age of the literature.

No defined obsolescence pattern exists. An exponential pattern of obso-
lescence would show a decrease from the initial point constantly descending 
up to the end of the distribution. This decrease is not clearly observed in the 
bar graph in Figure 3. That decrease should be very similar to the outline in 
Figure 4.
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2 The nonlinear exponential function proposed by Egghe & Ravichandra 
Rao (1992b) was estimated using the statistical software SPSS 17.0 for Win-
dows. A nonlinear regression resulted in an adjusted r2 estimate of 0.985, 
which indicates that more or less 98% of variations in the frequency of cita-
tions are due or dependent on variations from the age of literature. The esti-
mated value of C was equal to 407.069 and the value of g was equal to -0.961. 
These values produced an asymptotic standard error of 5.098 for g and 0.001 
for C. The obsolescence equation estimated with the nonlinear maximum 
likelihood method with 86 degrees of freedom is

C(t) = 407.069 (– 0.961)t

indicating that literature declines at a rate of 3.9% per year and reaches a 
mean aging rate at the age of 17.4 years.

Figure 7 shows the observed and estimated values of accumulated fre-
quency versus age of citations. This figure provides a visual indication of the 
way in which frequency of citations and age of literature covaries negatively 
with a vertical decrease in the first 40 years. An exponential decrease can 
be observed as cited literature ages; also, a trend is evident, high values of 
frequencies of citations are associated with the age of most recent literature, 
and lower values of frequencies of references are associated with older litera-
ture cited.

Figure 7. Observed and calculated values of citations according to age.

Edad de las citas = Age of citations
No. de citas = No. of citations
Observado = Observed
Estimado = Estimated
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Conclusions

Reviewed literature establishes that a document is obsolete when it is 
no longer cited, i.e., when it is no longer used by an academic communi-
ty as a source of information to justify, argue or contradict the statements 
or findings reported by other authors. The results of this study show that 
other variables can be influencing obsolescence and that, in general, these 
variables are not mentioned in the literature dedicated to analyze the phe-
nomenon known as “literature obsolescence”. In the case of literature on 
Lotka’s law, one of these factors is the mother tongue of the document’s au-
thor. Language of publication is a factor with a high impact on a document’s 
obsolescence. In the literature published on Lotka’s law, a high percentage 
of documents is published in English, but these documents only cite oth-
er documents also published in English, showing an endogamic behavior, 
if not ethnocentric, of authors publishing in English. This confirmation is 
extremely unfavorable for those publishing in other languages since their 
publications will not be cited by that community called “international”. 
An “international” community should be capable to read, understand and 
cite research production in at least two or three languages other than the 
language of the author’s cultural context. Not doing it implies an endogam-
ic and ethnocentric behavior. That endogamic behavior is not produced 
among authors publishing in languages other than English. These authors 
attentively follow not only what is being produced in their own languages, 
but also what is being produced in English. The cases of authors publishing 
in Portuguese and Spanish illustrate this type of behavior.

The outline of the scatter plot distribution of nonaccumulated literature 
on Lotka’s law published from 1926 until 2010 does not show a defined ob-
solescence pattern, but a group of data in three random groups, indicating 
the absence of the “obsolescence” phenomenon. However, the distribu-
tion of synchronically accumulated citations according to the age of cited 
literature produces an exponential decrease. This exponential form shows 
an aging rate of 3.9% per year, relating a mean aging rate to an age of 17.4 
years. But these results seem to be more an artifice of data accumulation 
than actual literature obsolescence. This is demonstrated by nongrouped 
data which do not show an obsolescent decrease according to the age of cit-
ed literature.
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