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Abstract

There are different citation habits in the research fields that influence the obsolescence of
the research literature. We analyze the distinctive obsolescence of research literature in
disciplinary journals in eight scientific subfields based on cited references distribution, as
a synchronous approach. We use both negative binomial (NB) and Poisson distributions
to capture this obsolescence. The corpus being examined is published in 2019 and covers
22,559 papers citing 872,442 references. Moreover, three measures to analyze the tail of
the distribution are proposed: (i) cited reference survival rate, (ii) cited reference mortality
rate, and (iii) cited reference percentile. These measures are interesting because the tail of
the distribution collects the behavior of the citations at the time when the document starts
to get obsolete in the sense that it is little cited (used). As main conclusion, the differences
observed in obsolescence are so important even between disciplinary journals in the same
subfield, that it would be necessary to use some measure for the tail of the citation distribu-
tion, such as those proposed in this paper, when analyzing in an appropriate way the long
time impact of a journal.
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Introduction

The use of research publications decreases with time and age of literature. In library
and information science, this phenomenon is known as literature obsolescence. This
refers to a decrease in its frequency of use or citation, but not to its value as a source of
knowledge.

The obsolescence in the research literature can be measure through the citation
analysis technique. This methodology supposes a relationship between the cited docu-
ment and the citing one. Authors increasingly cite current documents in detriment of
older, which can be consider obsolete because they stop being cited (used).

Studies on modelling literature obsolescence go back to the sixties of last century.
De Solla Price (1965) postulated that the use of literature declines with time according
to a negative exponential distribution, although other authors suggested a lognormal
distribution as the most suitable to measure literature obsolescence (Egghe & Ravi-
chandra Rao, 1992; Gupta, 1998).

There are two methods to study obsolescence: synchronic (retrospective) and dia-
chronic (prospective). Synchronic analysis is based on references made, while dia-
chronic analysis is based on citations received. In synchronic obsolescence analysis
the half-life is the statistical median considering the years of the references in reverse
chronological order. Diachronic obsolescence requires setting a period of time in the
past to look into the future. Both methods can also be conducted retrospectively (Egghe
& Rousseau, 2000). However, some authors argue that synchronic and diachronic stud-
ies produce similar results (Stinson & Lancaster, 1987), suggesting a preference for the
synchronic method.

Although it is possible to estimate literature’s half-life and even the time when the
literature is not cited anymore, it is not possible to know the reasons for this. The main
factor pointed out in the literature to justify the different obsolescence patterns is the
diffusion process of knowledge in the different fields. Two main types of obsolescence
occur related to the diffusion process. Both types are related to the rate at which diffu-
sion occurs. In the first place, initially, there is a high number of citations until a modal
value is reached, followed by a rapid drop in them, a drop that is also very sharp, as
occurs, for example, in the fields of Medicine and Engineering. The second type is due
to a slower diffusion process, associated with a slower rate of decline. Examples of
this behavior in obsolescence are the basic sciences, social sciences, and humanities
(Bouabid & Lariviere, 2013; Cano & Lind, 1991).

The objective of this work is to measure the obsolescence of research literature in
disciplinary journals. We present data and results on the obsolescence of eighty disci-
plinary journals over a long time period.

We analyze the distinctive obsolescence of research literature in disciplinary jour-
nals in eight scientific subfields based on cited references distribution, as a synchro-
nous approach. We use both Negative Binomial (NB) and Poisson distributions to cap-
ture this obsolescence. The corpus being examined is published in 2019 and covers
22,559 papers citing 872,442 references. Moreover, three measures to analyze the tail
of the distribution are proposed: (i) survival rate, (ii) mortality rate, and (iii) percentile.

These measures of the distribution tail collect the behavior of the citations at the
time when the document starts to get obsolete in the sense that it is little cited (used).
The theoretical framework is described in the following section.

@ Springer



Scientometrics

Theoretical framework in obsolescence of the research literature

Since Gross & Gross (1927) introduced the concept of obsolescence, that is, the phenom-
enon that research publications are decreasingly used over time, obsolescence and its law
have become an important topic in bibliometrics and scientometrics.

In library and information sciences, the term half-life first appeared in the work by Bur-
ton & Kebler (1960). These authors postulated that literature becomes obsolete and half-
life means the time during which one-half of the currently active literature was published.

The use of literature declines with time according to a negative exponential distribu-
tion (De Solla Price, 1965). In this respect, Ewing (1966) carried out a diachronic study of
research articles in chemistry and found that the number of citations decreased as the year
of publication was closer to the current year. This author pointed to the growth of the lit-
erature as a factor that influences the measurement of the obsolescence ratio.

Disambiguating the term half-life, Line (1970) asserts that literature half-life should
be composed by the obsolescence rate and the literature growth rate. Line and Sandison
(1974) defined obsolescence as the decrease or fall into time of the validity or utility of
information. However, Brookes (1970) stated that the theoretical problem of measuring
obsolescence rate when literature is growing is more complex that the method proposed by
Line.

Citation density decreases exponentially with age (Gupta, 1990). However, literature
obsolescence can also be influenced by unknown factors. Thus, Egghe and Ravichandra
Rao (1992) demonstrated that the obsolescence factor defined by Brookes (1970) is not
actually a constant, but a statistical function of time. This is because citation data is not
exponentially distributed as Brookes stated. In general, citation distribution presents an ini-
tial growth followed by an exponential decline. These authors stated that lognormal distri-
bution is the model that best describes both the initial growth of citations and the subse-
quent decline.

About the combination of obsolescence and growth, both phenomena can be studied
with the same mathematical function (Egghe & Ravichandra Rao, 1992). In the synchronic
case, obsolescence increases with literature growth; in the diachronic case, the effect is
opposite. In this respect, Van Raan (2000) argues that in the initial moments of any disci-
pline much less published documents exist than in later years. Thus, citation distribution
according to years always has a combination of aging and literature growth phenomena.

Burrell (2002) concluded that the lognormal distribution model shows more success
describing the synchronic citations of documents, confirming previous studies such as that
of Egghe and Ravichandra Rao (1992). These authors also observed that lognormal distri-
bution describes and fits very well to the age of the first references (Egghe & Ravichandra
Rao, 2002).

Some studies compare obsolescence patterns across disciplines (Lariviere & Archam-
bault, 2008; Song et al., 2015; Zhang & Glidnzel, 2017a, b). The main factor pointed out
in the literature to justify the different obsolescence patterns is the diffusion process of
knowledge (Bouabid & Lariviere, 2013; Cano & Lind, 1991; Small & Crane, 1979). Some
authors developed a mathematical model to describe this pattern (Barnett et al., 1989).

An overview of the literature aging is offered by Glidnzel (2004), presenting the different
aspects that can be analyzed by both methods, synchronic and diachronic. More recently,
studies and discussions on this matter continued with aspects as the mathematical model
(Bouabid, 2011; Wallace et al., 2009), obsolescence measures (Bouabid and Lariviére,
2013, Zhang & Glénzel, 2017a, b), and its influencing factors (Wang et al., 2019).
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Empirical data

The Scopus database was used as data source for the empirical application. We consid-
ered the following eight subject categories (subfields) in this database, three of them
from science, two from social science, one from health science, one from engineering,
and one from humanities: Cell Biology, Economics & Econometrics, Electrical & Elec-
tronic Engineering, General Chemistry, General Medicine, General Physics & Astron-
omy, History, and Library & Information Sciences.

We decided a priori to take eight subfields. This number was set so that both figures
and tables could be displayed in the paper. The subfields were selected based on the
previous experience of the authors and trying to cover disciplines as diverse as possible.

For each subfield, ten disciplinary journals were randomly selected from the top 10%
of most cited journals in the subfield measured through the Scopus CiteScore. Note that
there is great variability in the number of journals per subfields (size of the subject
categories). Some of them are very large, with more than 300 journals. For this reason,
only ten journals were randomly selected from the top 10% in relation to the CiteScore.

Then, for each journal, all documents published in 2019 and catalogued in this data-
base as research articles were collected. Finally, for each research article, the years of
publication from all cited references under the age of 150 were downloaded.

All the journals used here and its abbreviated title together with its corresponding
subject category are shown in Table 4 (see the “Appendix”).

Methodology

Most of the studies in aging of cited references are based on the fact that the distribution
of age for the cited references is a continuous distribution. The exponential distribu-
tion is considered the first assumption as a simple case of working. In this case see for
instance (Egghe & Ravichandra Rao, 2002) is considered that the number of citations
received at time 7 is c(f) = 0 exp(—61), t > 0, 0 > 0, for which the obsolescence (aging)
factor a results a = c¢(t + 1)/c(f) = exp(—6) which is independent of 7.

Here, we do not use the concept of obsolescence distribution function and will con-
sider that X, X,,..., X, are independent and identically distributed random variables
with values in X € N. They represent the number of cited references in a journal or a
collection of journals in a subject category in the last ¢ years. That is, for a given sample
of documents, X; represents the number of cited references with an age of i years. Fol-
lowing to Burrell (2002) we are going to assume that X = X initially follows a Poisson
distribution with mean 8 € ® > (. That is,

X
Pr(X =x|0) = %exp(—ﬁ), x=0,1,... (D

In practise the citation of papers empirically seems to decrease with the years and this
behaviour can be modelled by the Poisson distribution. Nevertheless, the Poisson distri-
bution shows equi-dispersion (i.e. the variance is equal to the mean), which would make
it inappropriate for defining the random variable X, an event that empirical studies have
shown presents over-dispersion (i.e. the variance is greater than the mean). See Table 1
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Table 1 Some descriptive CB
statistics of the subject categories
empirical data

E&E E&EE GC GM GP&A H L&IS

Mean  9.63 1272 7.92 898 857 14.10 21.72 11.49

Median 7 9 5 5 6 9 13 8
Mode 2 3 2 2 2 2 3 3
min 0 0 0 0 0 0 0 0
max 147 148 144 150 149 150 150 146
D 829 1239 1198 13.11 8.84 16.00 26.78 13.07

where the index of dispersion (ID = var(X)/E(X)) is shown together with other descrip-
tive statistics of the empirical data used here.

In addition to the above, there is evidence that over-dispersion is related to the heterogene-
ity of the population of subject categories. In this case, the parameter 6 can be considered a
random variable that takes different values between different journals in the subject category,
reflecting uncertainty about this parameter and varying from individual to individual accord-
ing to a probability density function. Here, we assume that this parameter follows a gamma
distribution with shaper parameter a > 0 and rate parameter § > 0, i.e.

ﬁ(l
I'la)

z(6) = 0*~' exp(—p6), 6> 0. 2)
In practise, other mixing distribution beyond the gamma, as the inverse Gaussian dis-
tribution, could be considered here. Thus, after using (1) and (2) we get that the uncon-
ditional distribution Pr(X =x) = f® Pr(X = x|0)7(0)df results a negative binomial
distribution, X, ~ NB(a,1/(f + 1)). In this case, the obsolescence factor is given by
a(t) = p/(f+ DA + (¢ — 1)/(t + 1)). It is well-known that for mixed Poisson distributions
the variance is always greater than the mean.

Cited reference survival rate and cited reference mortality rate

The survival function describes the proportion of cited documents beyond a given value x,
thus the probability that the document will survive beyond x. Survival is understood here in
the sense that the document continues to be cited, if it has been until reaching the number of
citations x. For the negative binomial distribution a closed-form expression for the survival
function is written in terms of the regularized generalized incomplete beta function, I (a, b, ¢)
(see Johnson et al., 2005, p.45) and is given by,

RX) =Pr(X 2 x) = Iy /p41)(1, @, %).

The mortality function (also known as hazard function) is defined as A(x) = Pr(X = x)/R(x).
In our setting, represents the probability, per unit of x, that the document ceases to be cited
just after reaching the number of citations x. Distributions with decreasing mortality rates
have heavy tails. Distributions with increasing mortality rates have light tails.
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Cited reference percentile: VaR and TVaR

VaR ,(X) is the value of x, such that Pr(X > x,) = p, 0 < p < 1, i.e. the probability than the
number of cites will exceed the VaR ,%. Therefore, it is the 100pth percentile of the ran-
dom variable X.

Value at Risk (VaR) has become the standard risk measure used to assess risk exposure
in financial and actuarial issues. From the bibliometric point of view, we can make a simile
considering the risk of the fact that a publication becomes obsolete. A researcher with high
expectations regarding publications will prefer a disciplinary journal that becomes obso-
lete as late as possible. The survival function allows us to calculate the probability that
the number of citations is greater than a specific value, say x,. On the other hand, the VaR
allows calculating the number of citations for which said probability is precise p.

Suppose a decision maker, for example, a possible researcher interested in a certain dis-
ciplinary journal for publishing a paper. In that case, it should opt for the one with a fixed
probability p maximizes the value x,. That is, between two disciplinary journals, say A
and B, that produce the values at risk x]/j and xf for the exact value of p, respectively, the
researcher should opt for the one with the highest value. This option will guarantee less
obsolescence of the corresponding disciplinary journal. The choice of p here is crucial and
will depend on the consideration of each researcher.

The measure VaR is merely a cutoff point and does not describe the tail behavior beyond
the VaR threshold. The Tail-value-at-risk (TVaR) is a measure that is in many ways supe-
rior than VaR by reflecting the shape of the tail beyond VaR threshold. The tail-value-at-
risk at the 100p#h security level, denoted by TVaR ,(X), is the expected number of citations
on the condition that the random variable X exceeds the 100pth percentile of X. That is,

Z)le(x - x,) Pr(X = x)

TVaR,(X) = E(X|X > x,) = x, + RG)

Some computations see (Klugman et al., 2008, Chap. 6) provide the TVaR for the NB dis-
tribution which is given by,
(x, + D F(Lx, +1+a,1+x, f/(f+ 1)

Fi(Lx, +1+a,2+x,/(f+1)

TVaR,,(X) =

Numerical experiments

Parameter estimates for the subject categories and the disciplinary journals by using the
Poisson and negative binomial distributions are illustrated in Tables 5 and 6 (“Appendix”),
respectively. We have used the Akaike’s information criterion (AIC) as a measure of the
model selection. A lower value of this measure of model selection is desirable. It is observ-
able that the negative binomial distribution fits the data well, which is confirmed looking
at the Fig. 1.

The improvement in the fit of the NB model compared to the Poisson model is
remarkable in all subject categories and journals analyzed. In the case of the subject
categories (see Table 5 in the “Appendix”), the reduction in the AIC for the NB model
compared to the Poisson model is greater than 37% for all categories, even reaching
67% in the case of History. Furthermore, the variability in the parameters within each
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Fig. 1 Fitted Poisson (above) and Subject Category. Poisson Model
NB distribution (below) ‘ ‘ ‘ ‘
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model reflects the differences observed both between the different subfields (Table 5)
and between the journals within the same subfield (see Table 6 in the “Appendix”).

The field effect can be seen better in Fig. 1. The upper graph of this Figure shows
the Poisson probability function and the negative binomial probability function in the
lower part. For that, we have used the estimated parameters that appear in Table 5. It
is observed that the latter better captures the pattern followed by the field that appears
in the empirical data. Furthermore, the NB distribution approaches zero much more
slowly, thus showing a much heavier right tail than the Poisson distribution. Within each
model, the differences between the distributions are considerable. According to the NB
model, which offers a better fit to the empirical data, the differences are clearly observed
both in the peak and in the tail of the distribution. The subfield with the heaviest tail,
and therefore with the least obsolescence, is History. On the contrary, the subfields with
the lightest tails, and therefore where the obsolescence is greater, correspond to Electri-
cal & Electronic Engineering, General Chemistry, General Medicine, and Cell Biology.

However, it is sometimes not obvious to compare the citation distribution for two
different fields. This is because the curves often intersect each other on one or more
occasions. It would therefore be convenient to use some measures for the tail of the cita-
tion distribution, which is the part of the curve that best defines the obsolescence of the
literature in a field. Since the accuracy obtained with the NB distribution is much better
than that achieved with the Poisson distribution, from now on, we will limit ourselves to
offering subsequent numerical results only for the first one. The accuracy obtained with
the NB distribution is confirmed looking at the Figs. 2 and 3. The empirical application
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Fig.2 Empirical and fitted distribution using NB model
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Fig.3 Empirical (—) and fitted distributions using NB () model

of the obsolescence measures proposed in this paper is shown in Tables 2 and 3, and 7,
8, and 9 (see “Appendix”).

Cited reference survival rate
As previously stated, the tail of the distribution allows to measure the obsolescence in a

field. As can be seen in Tables 2, and 7 and 8 in “Appendix”, there are very important
differences between subfields in relation to the tail of the distribution. In the case of the
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Table 2 From top to down survival rate and mortality rate for the subject categories

Age
20 30 40 50 60 70 80 90 100
CB 0.1112  0.0273  0.0063 0.0014  0.0003 0.0001 1.4E-5 3.01E-6  6.30E-7
0.1278  0.1341  0.1377 0.1400 0.1416  0.1428  0.1437 0.1445 0.1451
E&E 0.2115 0.0813  0.0302 0.0109  0.0039 0.0013  0.0004 0.0001 6.0E-5
0.0891  0.0931 0.0954 0.0969  0.0980 0.0988  0.0994 0.0999 0.1003
E&EE  0.0826 0.0212  0.0053 0.0013  0.0003 8.2E-5 2.03E-5 S5.00E-6 1.22E-6
0.1259  0.1279  0.1290 0.1297  0.1302 0.1305 0.1308 0.1310 0.1312
GC 0.1153 0.0368 0.0116 0.0036  0.0011  0.0003  0.0001 3.4E-5 1.07E-5
0.1073  0.1084  0.1091 0.1095 0.1097 0.1100 0.1101 0.1103 0.1104
GM 0.0910 0.0222  0.0052 0.0012  0.0002  6.2E-5 1.4E-5 3.13E-6  6.95E-7
0.1292  0.1332  0.13547 0.1369 0.1378 0.1386  0.1391 0.1396 0.1400
GP&A  0.2539  0.1206  0.0566 0.0264  0.0123  0.0056  0.0026 0.0012 0.0005
0.0711  0.0723  0.0731 0.0735  0.0739  0.0741  0.0743 0.0745 0.0746
H 0.4151  0.2595 0.1612 0.0998 0.0616  0.0380 0.0233 0.0143 0.0088
0.0455 0.0462  0.0466 0.0469 0.0471 0.0473 0.0474 0.0475 0.0476
L&IS 0.1793  0.0663  0.0239 0.0085 0.0030 0.0010 0.0003 0.0001 4.3E-5
0.0932  0.0960 0.0976 0.0987  0.0994  0.0999 0.1004 0.1007 0.1010
Table 3 Percentile VaR (above) and TVaR (below) for subject categories
P
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
CB 36 32 29 27 25 24 23 22 21
37.18 33.18 30.18 28.18 26.18 25.18 24.18 23.18 22.18
E&E 50 44 40 37 34 33 31 30 28
51.11 45.11 41.11 38.11 35.11 34.11 32.11 31.11 29.11
E&EE 35 30 27 25 23 22 21 20 19
36.15 31.15 28.15 26.15 24.15 23.15 22.15 21.15 20.15
GC 41 35 31 29 27 25 24 23 22
42.12 36.12 32.12 30.12 28.12 26.12 25.12 24.12 23.12
GM 35 30 27 25 24 22 21 20 20
36.16 31.17 28.17 26.17 25.17 23.17 22.17 21.17 21.17
GP&A 62 53 48 44 41 39 37 35 33
63.08 54.08 49.08 45.08 42.08 40.08 38.08 36.08 34.08
H 97 83 74 68 64 60 57 54 52
98.05 84.05 75.05 69.05 65.05 61.05 58.05 55.05 53.05
L&IS 48 41 37 34 32 30 29 28 26
49.11 42.11 38.11 35.11 33.11 31.11 30.11 29.11 27.11

subject categories (Table 2), the one with the highest survival rate in the cited references
is History. Above 41% of the cited references in the journals of History are over twenty
years, and about 10% are over fifty. The second highest survival rate is achieved in General
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Physics & Astronomy. Above 25% of the cited references in the journals of General Phys-
ics & Astronomy are over twenty years, and about 2.6% are over fifty.

The subject categories with the lowest survival rates are Electrical & Electronic Engi-
neering and General Medicine. Only 8% of the cited references in Electrical & Electronic
Engineering are over twenty years, while 0.1% are over fifty. In the case of General Medi-
cine, only 9% of the cited references in the journals of this category are over twenty years,
and 0.1% are over fifty.

Therefore, the obsolescence in Electrical & Electronic Engineering is the order of five
times higher than the obsolescence in History at medium time period (twenty years) but
the order of eighty times higher at long time period (fifty years). Note that this proportion
increases exponentially over time. Thus, for example, after a hundred years this propor-
tion is 7000-1, that is, the survival rate for Electrical & Electronic Engineering is approxi-
mately 7000 times lower than that of History.

Although two subfields very far in their citation habits (Electrical & Electronic Engi-
neering and History) have been compared, important differences can also be observed
between subject categories of the same branch of knowledge. This is the case, for exam-
ple, in science between General Physics & Astronomy and General Chemistry. In General
Physics & Astronomy, over 25% of the citations are directed to publications over twenty
years. This percentage is reduced to 11% in General Chemistry, which is less than half
that in General Physics & Astronomy. On the other hand, these proportions again increase
exponentially over time. Thus, for example, after fifty years, the relationship is approxi-
mately 7-1, that is, the survival rate in General Chemistry is 7 times lower than in General
Physics & Astronomy. However, at a hundred years this proportion is approximately 50-1,
with a survival rate for General Chemistry being around fifty times lower than for General
Physics & Astronomy.

These differences between subfields, although with lower proportions, can also be
observed between other subfields and even between journals of the same subject cate-
gory (see Tables 7 and 8 in the “Appendix”). Although the subject category is the small-
est disaggregation set in relation to the field in the Scopus database, it is common for the
same subject category to include very different specialties in their referencing habits. As
an example, we can analyze the tail of the distribution for two different specialties within
the Library & Information Sciences category. The journal Scientometrics clearly shows
less obsolescence than Journal of Information Science. While the survival rate after twenty
years for the first journal is around 1.7 times that the second one, the survival rate after
sixty years is around 22 times higher for Scientometrics, and around 300 times higher after
a hundred years.

Something similar happens with journals in other subject categories. In General Medi-
cine, for example, the obsolescence in New England Journal of Medicine is much lower
than that of PLoS Medicine. While the survival rate after twenty years for the first journal
is around 1.5 times that the second one, the survival rate after sixty years is around 5.5
times higher for the first journal, and around 32 times higher after a hundred years.

Cited reference mortality rate

As previously evidenced, the survival rate decreases rapidly as the age of the cited refer-
ence increases. However, the mortality rate (hazard rate) takes on more stable values. It can
be observed in Table 2 that all the analyzed subject categories present increasing mortality
rates, which indicates that their distributions have light tails. The tails will be lighter the
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higher their mortality rates are. On the contrary, they will be less light the lower their mor-
tality rates are. Thus, History has the lowest mortality rates (around 0.04). Although the
mortality rate increases slightly over time, the range of variation is quite narrow (between
0.0455 and 0.0476). With a mortality rate that is also low (around 0.07) is General Physics
& Astronomy. However, the highest mortality rates (greater than 0.12) are reached in Cell
Biology, General Medicine, and Electrical & Electronic Engineering.

Again there are important differences between subject categories. For example, as
extreme cases, the mortality rates in Electrical & Electronic Engineering are about three
times those in History. Within the same branch, the differences are minor, although they
remain remarkable. Thus, the mortality rates in General Chemistry are approximately 50%
higher those in General Physics & Astronomy.

If we again compare the journals Scientometrics and Journal of Information Science
(Table 8 in the “Appendix”), the mortality rates of the cited references in the second jour-
nal are approximately 50% higher than those in Scientometrics. In General Medicine, the
mortality rates of the cited references in PLoS Medicine are between 25% and 29% higher
than those in New England Journal of Medicine.

Cited reference percentile: VaR and TVaR

A lower obsolescence, this is a slower aging, is associated with higher values for a given
percentile (see Tables 3 and 9 in the “Appendix”). Of the subject categories analyzed, the
one that presents a minor obsolescence attending to the percentiles, this is a slower aging
of the literature, is History. Attending TVaR, a 5% of the cited literature in History is more
than 65 years, while 1% is over 98. At a distance is General Physics & Astronomy, where
5% of the cited literature is over 42 years, and 1% is over 63.

On the contrary, a higher obsolescence, that is a faster aging, is associated with lower
values for a given percentile. Of the subject categories analyzed, those that present a major
obsolescence, this is a fast aging of the literature, are Electrical & Electronic Engineering,
General Medicine, Cell Biology, and General Chemistry. Thus, a 5% of the cited literature
in Electrical & Electronic Engineering is over 24 years, while 1% is over 36.

At the level of disciplinary journals (Table 9 in the “Appendix”), in general the dif-
ferences within the same subject category are less than between journals from different
categories. As an example of two different disciplines within the same subject category, we
can analyze the case of the Library & Information Sciences. The journal Scientometrics
clearly shows less obsolescence than Journal of Information Science. Again attending the
TVaR, 5% of the literature cited in Scientometrics is over 31 years, while 1% is over 46.
However, in the Journal of Information Science, 5% of the literature is over 24 years, and
1% is over 34.

Let us now suppose that a researcher with a career in Economics decided to opt for
one of the two journals, Applied Economics or Economics Letters, which are very simi-
lar in the content they disseminate (the second is more practical). If you set a probability
p = 0.01, that is, that the distribution of the number of citations leaves an area to the right
of 1%, you should choose to send the article to the first journal, which has a VaR with a
value of 60 instead of the VaR 49 that the latter has (see Table 9). If the researcher consid-
ers that the value of p that measures journal obsolescence should be 9%, then there is not
much difference between the two VaR values (32 and 29), and it could feel indifferent in
this case.
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Furthermore, the following comparison can also be made. While in Scientometrics there
are 9% of cited references with more than 26 years, in Journal of Information Science with
this same age the percentage is reduced to only 4%. Similarly, while in Scientometrics
there are 6% of cited references with more than 30 years, in the Journal of Information Sci-
ence with this same age the percentage of cited references is reduced to only 2%.

In General Medicine, 5% of the literature cited in New England Journal of Medicine is
over 26 years, and 1% is over 38. However, in PLoS Medicine, 5% of the literature is over
22 years, and 1% is over 32. Moreover, while in New England Journal of Medicine there
are 9% of cited references with more than 21 years, in PLoS Medicine with this same age
the percentage is reduced to only 6%.

In Economics & Econometrics, 5% of the literature cited in American Economic Review
is over 43 years, and 1% is over 65. However, in Applied Economics, 5% of the literature is
over 35 years, and 1% is over 50. Furthermore, while in American Economic Review there
are 6% of cited references with more than 40 years, in Applied Economics with this same
age the percentage is reduced to only 3% of the cited references.

Therefore, a detailed analysis of Table 9 (see the “Appendix”) would allow, although
it is not the purpose of this work, to group journals with similar obsolescence through the
analysis of the tails of their distributions. Similarly, it would also allow subject categories
to be disaggregated into different disciplines by analyzing obsolescence through the behav-
ior of the tails in the distributions.

Conclusions

The literature framework establishes that a document is obsolete when it is no longer cited,
i.e., when it is no longer used by an academic community as a source of information to
argue, justify or contradict the statements or findings reported by other authors.

The results in this study support that the subfield and even the discipline (specialty) are
influencing obsolescence. Thus, there is a field effect in the phenomenon by which publica-
tions are less and less cited over time, known as literature obsolescence.

We used all the cited references in 22,559 research articles published in 2019 from eight
different subfields (subject categories in Scopus): Cell Biology, Economics & Economet-
rics, Electrical & Electronic Engineering, General Chemistry, General Medicine, General
Physics & Astronomy, History, and Library & Information Sciences.

The distribution of synchronically accumulated citations produced an initial growth fol-
lowed by an exponential decrease. We concluded that the negative binomial is preferable to
the Poisson distribution for the datasets considered in all the cases.

However, it is not obvious to compare the citation distribution for two different discipli-
nary journals. This is because the curves often intersect each other on one or more occa-
sions. For this reason, three measures to analyze the tail of the distribution were proposed:
survival rate, mortality rate and percentile.

There are very important differences between subfields and even between disciplines
in relation to the tail of the distribution. The highest survival rate is observed in History.
Above 41% of the cited references are over twenty years, and about 10% are over fifty.
At a certain distance from this last subfield, although with a similarly high survival rate,
is the General Physics & Astronomy field, for which more than 25% of the cited refer-
ences have a survival rate of more than twenty years and close to 2.6% over fifty. On the
contrary, the lowest survival rates are observed in Electrical & Electronic Engineering
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and General Medicine. Only 8% of the cited references in Electrical & Electronic Engi-
neering and 9% in General Medicine are over twenty years, while 0.1% are over fifty.
Therefore, the obsolescence in Electrical & Electronic Engineering is the order of five
times higher than in History at medium time period (twenty years) but the order of
eighty times higher at long time period (fifty years). Note that this proportion increases
exponentially over time.

Important differences are also observed between subfields of the same branch of knowl-
edge. This is the case of General Physics & Astronomy and General Chemistry, for exam-
ple. A 25% of the citations in General Physics & Astronomy are directed to publications
over twenty years, and this percentage is reduced to 11% in General Chemistry (less than
half). Furthermore, this proportion again increase exponentially over time. Thus, after fifty
(a hundred) years, the survival rate in General Chemistry is seven (50) times lower than in
General Physics & Astronomy.

Differences are also observed at journal level. While the survival rate at twenty years in
the journal Scientometrics is around 1.7 times that in Journal of Information Science, after
sixty years it is around 22 times higher for Scientometrics. Something similar happens with
journals in other subfields.

The mortality rate takes on more stable values than the survival rate. All the sub-
fields present increasing mortality rates, which indicates that their distributions have light
tails. History has the lowest mortality rates (around 0.04) followed by General Physics &
Astronomy (around 0.07). The highest mortality rates (greater than 0.12) are reached in
Cell Biology, General Medicine, and Electrical & Electronic Engineering. Again, there are
important differences both between subfields and between disciplines. The mortality rates
in Electrical & Electronic Engineering are about three times those in History, and in Gen-
eral Chemistry are about 50% higher than in General Physics & Astronomy. At disciplinary
journal level, the mortality rates in Journal of Information Science are about 50% higher
than those in Scientometrics, for example.

Actually, this is an expected result if we consider the diffusion process of knowledge in
the different fields. Two main types of obsolescence occur related to the diffusion process.
Both types are related to the rate at which diffusion occurs. In the first place, initially, there
is a high number of citations until a modal value is reached, followed by a rapid drop in
them, a drop that is also very sharp, as occurs, for example, in the fields of Medicine and
Engineering. The second type is due to a slower diffusion process, associated with a slower
rate of decline. Examples of this behavior in obsolescence are the basic sciences, social sci-
ences, and humanities.

Finally, a higher obsolescence, that is a faster aging, is associated with lower values for
a given percentile. The highest obsolescence is again observed in Electrical & Electronic
Engineering, General Medicine, Cell Biology, and General Chemistry. Thus, attending the
TVaR, a 5% of the cited literature in Electrical & Electronic Engineering is over 24 years,
while 1% is over 36. On the contrary, a 5% of the cited literature in History is more than 65
years, while 1% is over 98. At disciplinary journal level, while in Scientometrics there are
6% of cited references with more than 30 years, in Journal of Information Science with this
same age the percentage of cited references is reduced to only 2%, for example.

As has been evidenced, the difference between subfields can also be observed between
disciplinary journals of the same subfield. Although the subject category is the smallest
disaggregation set in relation to the field in the Scopus database, it is common for the same
subject category to include very different disciplines. The differences can be very notice-
able in the use that an academic community makes of bibliographical references to argue,
justify or contradict the statements or findings reported by other authors.
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In this respect, as practical application and future line of research, a detailed analysis of
the measures proposed in this paper would allow to group journals with similar obsoles-
cence through the comparison of the tail in the distributions. Similarly, it would also allow
subject categories to be disaggregated into different disciplines by analyzing obsolescence
through the tail of the distributions.

The journal impact factor focus on measuring the average citations per document in a
short period of time (between two and five years generally). These measures do not collect
the citations received in long time periods. However, as has been evidenced in this paper,
some journals with low obsolescence accumulate a high percentage of citations after many
years. Therefore, it would be necessary to accompany the short-term impact factor with
some measure for the tail of the citation distribution, such as those presented in this paper,
to provide a more accurate idea of the real impact of said journal.

As a final consideration, diachronic analysis is much less common in the literature as it
takes time for citation to accumulate. However, our approach can lead also to diachronic
analysis because it could be applied in the same way. Diachronic analysis is based on cita-
tions received, instead of synchronic analysis which is based on references made. There-
fore, diachronic obsolescence requires setting a period of time in the past to look into the
future. In our approach but for the diachronic analysis, the years of the citations must be
considered in natural chronological order, instead of the reverse chronological order of the
synchronic analysis. However, some authors argue that synchronic and diachronic studies
produce similar results (Stinson & Lancaster, 1987), suggesting a preference for the syn-
chronic method.

Appendix

See Tables 4, 5, 6, 7, 8, and 9.
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Table 5 Estimates of the
parameters and AIC values for
the different subject categories
studied
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Poisson NB

) AIC a g AIC
CB 9.63 967474 1.71 0.18 611010
E&E 12.72 955040 1.48 0.12 500757
E&EE 7.92 1565420 1.21 0.15 863077
GC 8.98 4003250 1.13 0.12 2052140
GM 8.57 860744 1.44 0.17 525562
GP&A 14.10 1610500 1.16 0.08 714828
H 21.73 484209 1.11 0.05 159815
L&IS 11.50 741742 1.33 0.11 378400
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