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This work presents the development and testing of a
protocol for identifying long-lasting (L-L) research
papers for which citation data of at least 25 years are
available. In the first step, papers having 100 or more
citations are shortlisted. The time interval from the
year of publication till 2019 is divided into four
approximately equal quarters. The R, parameter is
defined as the ratio of the citations received by a
paper in the most recent quarter to its total citations.
Papers with R, less than a prescribed cut-off value are
eliminated. The trends in the citations of papers in the
most recent five years are assessed next. Papers with
less than a specified value of actual/extrapolated cita-
tions are omitted. For testing purpose, we have ex-
plored the citation patterns of 1,402 shortlisted
papers, out of a total of 123,993 published from India
between 1985 and 1994, resulting into 676 L-L papers.
We find that not all papers published in high-impact
journals as well as those receiving large citations fulfil
the L-L criterion. Subject-wise analysis brings out the
disciplines making lasting contributions to research.

Keywords: Citation analysis, high-impact journals,
impact factor, long-lasting research papers.

CITATION index was designed for effective information
retrieval in which citations are the formal, explicit con-
ceptual linkage between two research articles'. It started
with the purpose of identifying original publication in
which an idea/concept was discussed, and to identify
many deserving but unrecognized scientists. Currently,
the citation data are being used for a variety of purposes.
Based on the number of citations received per paper,
researchers have developed various indicators/metrics.
Moreover, patterns of citations have also been studied to
measure the impact of an individual research paper.

The number of citations received by a research paper
has been used to build-up scores/metrics such as the
impact factor (IF) of a journal, A-index, g-index, il10
index for a researcher, etc. Other citation-based scores
such as Citescore, Simago Journal Ranking (SJR) and
Source Normalized Impact per Paper (SNIP) have also
been proposed’. Comparative studies of these indicators,
analysing their use and limitations for measuring the
research impact have also been reported®>.

Durability of a scientific paper is reflected in its cita-
tion history. A variety of citation patterns of research
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papers are seen, e.g. delayed rise, medium rise, slow
decline, etc. and these patterns may change according to
the field of study®'®. The term ‘sleeping beauty’ was
coined and explained by van Raan'' as an article that
goes unnoticed (sleeps) for a long time and then, almost
suddenly, attracts a lot of attention. The ‘flash in the pan’
is another pattern of citations in which a paper that is
noticed immediately after publication and frequently
cited, but does not seem to have a lasting impact and dies
early in life'”.

Walters'® stated that longitudinal studies are required
for tracking the citation life cycle of scientific articles
from birth. This gives an opportunity to study these
papers in-depth, which is not possible in case of short-
term citation window period. Wang er al.'* discussed the
pros and cons of the time period selected for citation
analysis studies. They found that a short-term window pe-
riod of citations may be good for the field of science and
technology, but may not be suitable for disciplines such
as sociology and mathematics'*.

In a classic study by Abt'’ the impact of long-term
citations in the field of astronomy/astrophysics was
measured. The citation history of 326 papers published in
1961 and cited in 18 subsequent years, encompassing
6070 citations was studied'”. Results indicated that the
average of 19 citations per paper or 1.0 citation per paper
per year was received. These numbers would now appear
to be small, the reason being that journals were in print
format and pertained to pre-information explosion era.
Abt'® mentions that ‘20 years after publication, the cita-
tion rate is half-maximum. It is obvious that the decline
cannot be linear to the end because it would predict no
citations 32 years after publication’, whereas he argues
that recent research papers and the Science Citation Index
list many papers that are more than 32 years old. Nash et
al.'® studied the contributing factors to long-term citation
count in marine and freshwater biology articles. They
found that articles received early citations due to early vi-
sibility (discoverability). Kosteas'’ examined the relative
strength of short-term citations, IF and journal ranking in
terms of predicting long-term citations. The results indi-
cated that short-run citation counts measured through the
year following publication are a better predictor of
long-run citations than IF and journal ranking scores
combined.

Some studies describe the relationship between long-
term citations and journal IF. Stegehuis et al.'® used the
journal IF and number of citations in the first year as pre-
dictors of the long-term citations. Abramo er al."® tested
the hypothesis that good predictions of long-term cita-
tions can be obtained through a combination of early cita-
tions of a paper and the journal IF. More recently, Xiao et
al* proposed a model to predict the long-term impact of
individual publications based on early citations. Accord-
ing to Leydesdorff er al*', short-term citations can be
considered as citation currency whereas long-term
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Table 1.

Number of research papers published from India between 1985 and 1994 along with citations

received up to 2019 and the number of papers receiving 2100 citations up to 2019. See text for details

Year of publication Total no. papers

Total no. of citations

No. of papers with 2100 citations

1985 9795
1986 9641
1987 10,329
1988 11,680
1989 12,913
1990 13,421
1991 13,804
1992 13,673
1993 13,938
1994 14,799
Total 123,993

104,899 71
102,738 84
111,636 94
120,583 110
133,275 109
153,796 143
170,601 178
188,780 198
189,700 184
211,914 225
1,487,922 1,402

citations can contribute to the codification of knowledge
claims into concept symbols.

The aim of the present study is to propose and test a
criterion based on citations received and patterns of cita-
tions by a set of research papers over at least 25 years, to
identify those which have stood the test of time and have
a potential to continue further for the next 10 or more
years. We term such research papers as long-lasting (L-
L). For this purpose, a longitudinal study of citations is
conducted, of the papers authored by at least one re-
searcher from India for the period 1985-1994 (10 years)
and citations received till 2019. The criterion evolved in
this study is a general one and may be applicable, with
minor modifications, to any set of research papers as well
as for measuring research contributions by an individual
researcher as well as by any institution or from any country.

The objectives of this study are:

e To suggest a citation-based criterion for identification
of L-L research papers from the test dataset of papers
published between 1985 and 1994, employing citation
records till 2019.

e To identify the disciplines which have contributed to
L-L research papers reported from India between
1985 and 1994.

e To answer the following questions: (i) Are all the
papers published in high impact journals L-L? (ii) Are
all the papers receiving large citations L-L?

A citation-based method is developed for identifying
potentially L-L papers, from all the papers listed in Sco-
pus with at least one author from India. We report a test
run using the database of research papers for 10 years
(published between 1985 and 1994). Note the following.
(i) The dataset is large enough, and comes from a variety
of institutions, incorporating citation data for 25-35
years. (ii) After developing such a criterion, a subject-
wise classification of L-L papers published from India is
carried out and reported. This method is general and can
be applied to any dataset of publications and citations. It
can also be readily automated.

210

In the first part of the study, we suggest a method for
analysing the entire dataset. Table 1 provides a brief
summary of the entire dataset used. It includes citation
data of over 123,993 research papers authored by at least
one researcher from India. It may be seen that the average
number of citations, for the period 1985-2019, for a
paper published between 1985 and 1994 is approximately
12. This translates to about 0.25 citations per year, on an
average, for a paper published in any standard refereed
journal. This just reconfirms a well-known fact that most
of the published work receives scanty citations.

Since we are interested in identifying potentially L-L
papers based on longitudinal citation records, we need
not look at papers which have received very low number
of citations. We choose a cut-off value of 100 citations
received by a paper from the year of publication to 2019.
The reason for choosing this value is that our study is
based on citation records for 25-35 years, and a cut-off
value of 100 would mean that the average number of cita-
tions per year lies between 3 and 4. For a smaller cut-off,
e.g. 50, the number of citations after 20 years of many
papers would be just 0 or 1, rendering the judgement of
long-lived nature difficult. On the other hand, using a
larger cut-off value of total number of citations, say 500
or 300, will shortlist very few papers (55 or 143 respec-
tively, from the entire dataset of 123, 993 research
papers) for L-L analysis, missing out a large number of
impact-making papers. In view of this, our chosen cut-off
value of 100 for the total number of citations appears to
be optimum. Incidentally, the cut-off value of 100 cita-
tions is a historical one. One may recollect that in the
1970s Garfield” had termed such papers as ‘citation clas-
sics’.

It may be pointed out here that this cut-off value may
be discipline-dependent and an appropriate, somewhat
lower cut-off value may be chosen for disciplines such as
mathematics, social sciences, etc. However, for most of
the subject areas covered by Scopus, this cut-off value
seems to be appropriate. It can be seen from Table 1 that
the number of papers receiving over 100 citations is only
1,402. However, this set of 1,402 papers includes 35
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Table 2. Study protocol employing long-term and short-term citation patterns for identifying long-lasting (L-L) original papers. See text and

Tables 1, 3 and 5 for details

Step 1: Data selection
Collect papers published between the years YS and YE, with at least one author from India as listed in Scopus. Record the citations from the
year of publication (YP) to 2019.
Year of start = 1985; Year of end = 1994 (example years)

Step 2: Data set limitation
Filter out papers with <100 citations and also review articles. The remaining articles are shortlisted and taken up for further analysis.

Step 3: Citation analysis based on quarters
Divide the time interval between YP and 2019 in four approximately quarters. For a given paper in the shortlist, calculate the sum of citations
(N4) for the years in the latest quarter, the total number of citations from YP to 2019 being N. Compute R, = N4/N. Select articles with R4 value
of 0.20, with at least four average citations per year for the latest quarter. (Example year: YP = 1987; latest quarter: 2012-2019.)

Step 4: Analysis of citation patterns during the latest 15 years (2005-2019)
Calculate the number of citations between the three 5-yr intervals: 2005-2009, 2010-2014 and 2015-2019. Omit those receiving less than 20
citations between 2015 and 2019 (five years). Also calculate the estimated number of citations (for 2020-2024) based on the extrapolation of
the number of actual citations in the above-mentioned three intervals. Omit papers with less than 20 estimated citations from the shortlist. Thus

the final list of potentially L-L papers is generated.
Step 5: Classification of L-L papers yearwise and subject-wise

Compile and sort the finally short-listed L-L papers yearwise and subject-wise (according to the broad subject list given by Scopus).

review articles which are not included in the subsequent
analysis of L-L papers.

We have developed a citation-based step-by-step pro-
tocol for identifying the L-L papers (Table 2). We apply
this protocol to the chosen dataset of 1367 shortlisted
research papers and present the results of our analysis.

It may be noted that the protocol does not make use of
the number of ‘gaps’ in the citations received by a res-
earch paper. The logic of elimination of papers in steps 3
and 4 is explained below.

1. Step 3: A value of R;=0.25 would imply that the
paper is receiving steady citations in the recent quar-
ter. In order that potentially L-L papers are not missed
out, we choose a typical R, with a cut-off value of
0.20. We further ensure that at least four average cita-
tions per year are received for the latest quarter. The
rest of the articles are eliminated.

2. Step 4: Papers with less than 20 citations in the most
recent five years (i.e. average of 4 citations per year).
Further, for the papers receiving 30 or less citations
between 2015 and 2019, an extrapolation is carried
out based on the number of citations received in the
three slots of five years, viz. 2015-2019, 2010-2014
and 2005-2009. The papers for which this extrapo-
lated value falls below 20 are also eliminated.

3. It is of interest to carry out subject-wise analysis of
the L-L papers. These papers are grouped according to
the subject classification given in Scopus. Such an
analysis is expected to bring out the strength of re-
search in various disciplines in the given database of
publications.

4. In the last part of our work, we answer the following
queries: Is every paper published in a high-impact
journal L-L? What percentage the L-L papers is pub-
lished in high-impact journals?

Figure 1 shows the typical patterns of citations received
by six research papers from our chosen dataset (papers

CURRENT SCIENCE, VOL. 120, NO. 1, 10 JANUARY 2021

published between 1985 and 1994, receiving =100 cita-
tions). The chosen paper is shown in a colour code given
at the bottom of the curve. The X-axis shows the year of
citation and the corresponding value on the Y-axis shows
the number of citations received by that paper in that par-
ticular year. We briefly discuss these case studies below.

I. Papers not belonging to L-L category

(i) Paper shown in black colour (published in 1986):
This exhibits a typical pattern of citations. It
shows an overall steady growth with some ups
and downs in citations, reaching over 10 cita-
tions after 15 years. After this, the number of ci-
tations shows an overall decline even after 20
years (2 or 3 citations per year).

(i1) Paper shown in maroon colour (published in
1987): In the first two years, it shows high cita-
tions, 31 and 39 respectively, followed by a
sharp decline to 9 in the next year and has never
received more than 4 citations afterwards. This
paper clearly belongs to ‘flash-in-the-pan’ type.

(iii)) Paper shown in grey colour (published in 1988):
This exhibits a general steady growth in the first
20 years and a decline thereafter, with less than 5
average citations per year in the last five years.

II. Papers belonging to L-L category

(i) Paper shown in orange colour (published in
1989): This exhibits a general steady increase in
citations for the first few years, with maximum
citations (27) after 15 years followed by around
20 citations per year up to 2019.

(i1) Paper shown in blue colour (published in 1990):
The depicts the case of ‘sleeping beauty’, with 0
or very few citations in the first 13 years, reach-
ing a first peak of 26 citations after 17 years.
After this point, it shows large peaks, with cita-
tions in the range 50-60 per year continuing till
20109.
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Figure 1. Illustration of the pattern of citations for some research articles (published between 1985 and 1994, colour-coded year of publication
given in the bottom) studied. The Y-axis denotes number of citations received by a paper in the years shown on the X-axis. See text for details.

Table 3. Yearwise number of L-L papers published from India between 1985 and 1994 (10 years) identified by our protocol in Table 2. See text
for details

Year of publication 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 Total

No. of L-L papers 31 43 42 53 51 70 85 86 96 119 676

(iii) Paper shown in light green colour (published in  tinue receiving citations for another 10 or more years.
1992): The curve is similar in nature to that in However, those published in 1994 have been in existence
(i), showing very scanty citations till 2005, only for 25 years, and some of the 119 L-L papers identi-
touching 10 citations only after 13 years. The- fied by us may show a decay in the number of citations in
reafter it shows generally larger number of cita- another 5-10 years. It will be interesting to do the next

tions, ranging between 10 and 30 per year: a round of citation analysis in 2025.
candidate for L-L category. Thus, we have a criterion for identifying L-L papers
from a given database of papers published in a given time
These qualitative considerations are clearly borne out by  period and their long-term citations. Note that we have
the application of our proposed criterion for L-L research  used citation data up to 2019, i.e. for a rather long period
papers. The cases in I above satisfy the criterion of an L-  (a minimum of 25 years and a maximum of 35 years) for
L paper described in our protocol (Table 2) and those in  this purpose. It would be worthwhile to get some further
II do not. insights from the results of this analysis. Next we present
Applying the protocol in Table 2, we have scrutinized subject-wise analysis of the L-L papers identified by us.
all the 1367 non-review-type articles in the dataset of The selected L-L papers published between 1985 and
1402 original research articles, which have received 100 1994 fall into 20 subject areas according to Scopus
or more citations. Table 3 displays the results, showing a  (Table 4). Such an analysis is helpful to identify the
total of 676 L-L papers. The number of L-L papers shows  fields in which significant L-L contributions to science
a steady increase from 1985 (31 papers) to 1994 (119 from India have been made on a global scale. A large
papers), as may be intuitively expected. The number of number of L-L contributions are in Chemistry, Physics
papers meeting the shortlisting criterion, viz. 100 or more  (including Astronomy), Medicine, Engineering (including
total citations also shows an increase in this period (85 in  Chemical Engineering), Agricultural and Biological
1985 to 225 in 1994). The papers published in 1985 have  Sciences, including Biochemistry. Computer Science,
been receiving citations for 35 years, and the 31 L-L  Materials Science, Environmental Science, Business
papers identified by us in 2020 have the potential to con- Management and Mathematics follow. Social Sciences
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Table 4. Subject-wise number of L-L papers published from India between 1985 and 1994 (10 years) using Scopus. See text for details
Subject 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994  Total
Agricultural and Biological Sciences 1 1 4 3 3 9 8 5 4 12 50
Biochemistry 2 1 1 4 2 5 2 12 13 9 51
Business, Management and Accounting 0 2 1 0 2 2 1 0 4 2 14
Chemical Engineering 0 0 1 0 0 1 1 0 3 1 7
Chemistry 6 8 5 5 9 8 18 7 14 18 98
Computer Science 1 0 2 1 2 1 4 5 3 10 29
Earth and Planetary Sciences 3 4 6 2 5 5 4 8 6 4 47
Economics 1 0 0 0 0 1 1 1 2 2 8
Energy 0 1 1 2 0 1 1 0 1 2 9
Engineering 5 2 1 9 4 5 7 13 8 19 73
Environmental Science 3 3 0 6 1 3 1 4 8 2 31
Immunology and Microbiology 1 0 0 0 0 0 1 0 0 1 3
Materials Science 0 4 4 4 0 4 1 5 3 1 26
Mathematics 0 1 2 4 2 1 3 1 1 2 17
Medicine 5 9 6 2 10 9 15 11 6 15 88
Multidisciplinary 0 2 0 1 2 3 4 2 4 1 19
Neuroscience 0 0 0 0 0 0 0 1 0 0 1
Physics and Astronomy 3 4 7 11 4 11 14 11 15 17 97
Psychology 0 0 0 0 0 0 0 0 1 0 1
Social Science 0 1 1 0 2 1 1 0 0 1 7
Total 31 43 42 54 48 70 87 86 96 119 676

Table 5. Number of L-L research papers published in 1992, 1993
and 1994 identified by our protocol. The papers published in journals
with impact factor (IF) greater than 5 are also listed. See text for

details
No. of L-L No. of L-L papers in journals
Year papers with IF > 5
1992 86 28
1993 96 26
1994 119 27

Table 6. Number of L-L research papers published in 1992, 1993 and
1994 receiving more than 150 citations till 2019 along with those
identified as L-L by our protocol

No. of papers with No. of L-L papers

Year > 150 citations among them
1992 82 58
1993 83 61
1994 88 68

and Humanities are the fields that do not show major L-L
contributions. As noted above, some of the results may be
partly responsible for the cut-off criterion used in our
protocol and need to be revisited.

Publishing in high IF journals is often over-
emphasized, though not all articles published in such
journals are well-cited. We analyse the number of L-L
research papers published in 1992, 1993 and 1994 and
check the high impact of journals. Table 5 shows that
only about 25-30% of these L-L papers are published
in high-impact journals, the remaining are published in
journals with IF less than 5. The choice of 5 as the cut-off
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value for high-impact journals is somewhat subjective.
We may choose a subject-dependent cut-off value for
identifying high-impact journals in that subject.

It is noticed that many L-L papers are published in
journals with IF < 2. This highlights that there is no clear
relationship between journal IF and L-L papers published
therein.

Are all well-cited papers L-L? We have explored the
answer to this question by taking the test data of citations
for papers published in 1992, 1993 and 1994, which have
received 150 or more citations up to 2019 (Table 6).
About 25% papers from this set do not get sustained cita-
tions after a period of 20 years and do not belong to the
L-L category.

It will be indeed interesting to revisit the citation data-
base chosen in this study after a period of five years
(2025) and check whether the L-L papers identified by
citations up to 2019 continue to be so using the citation
database up to 2024. Many of the papers in our database
would have reached a ripe age of at least about 40 years
in 2024.

Our protocol (Table 2) for identifying L-L research
papers was developed after a detailed study of the citation
patterns, a few typical examples of which were displayed
in Figure 1. In the first step, we shortlist papers which
have received 100 or more citations. The R, parameter
checks the ratio of citations received by a paper during
the last quarter of its life till 2019, to the total ones since
its publication. We have found that a cut-off value of 0.20
is able to filter-off papers which do not show the poten-
tial to be of L-L type.

The recent trends in citations (during the last five years
(2015-19) out of the total of 15 years) are examined after
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this stage. Papers with less than 20 actual or extrapolated
citations (in agreement with the suggested value of 4
average citations per year) are omitted. Overall, we have
a robust protocol for identifying long-lasting research
papers.

Using this protocol, we have explored citation patterns
of over 1,23,993 original research papers in Scopus pub-
lished from India between 1985 and 1994. Our longitu-
dinal study resulted into 676 (about 0.5% of the total)
potentially L-L papers. Some main observations from our
study are listed below.

e We found that some of the papers in high IF journals
are well-cited, but some are not>.

e Several examples of ‘sleeping beauties’'' as well as
‘flash-in-the-pan’'?> behaviour of citations were
noticed.

e We found that the suggestion to employ the journal IF
and the number of early citations as predictors of
long-term citations may not be of general use'®'**,
Further, the model of Xiao et al?® on predictions
based on short-term citations for long-term ones also
has limitations.

e On the other hand, we found that the statement of
Leydesdorff e al.*' that “a short-term citation is like a
citation currency, whereas the long-term citation may
contribute to the codification of knowledge’ indeed
provides the gist of the citation scenario.

e Our study has also found that some highly cited works
get cited even after 25 years, as suggested by Walters'.
However, there are some exceptions to this trend.

An index based on L-L papers would be useful for
various academic purposes such as for granting recogni-
tions, research projects and awards, for individual senior
researchers.

An appraisal of institutions, based on the norms of
research quality could include a parameter such as L-L
papers from the faculty. This will be more meaningful
than an analysis based on the number of publications,
their citations and IFs of the relevant journals.

After developing a working protocol for the identifica-
tion of L-L research papers, we plan to fine-tune the same
and automate its implementation. Future studies, we will
make our protocol more robust, and test it on more
diverse and larger datasets of published research papers.
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