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Abstract
Assessing and evaluating the academic impact and its results produced by researchers is 
necessary to promote the academic progress. A diverse and varied set of parameters have 
been proposed by the scientific community to find the most influential researchers, includ-
ing citation count, the total number of publications, hybrid approaches, h-index, extensions 
and variants of h-index. Current state-of-the-art depicts that there is no standard bench-
mark available to determine the optimum parameter to find the most influential author of 
a specific domain. Furthermore, it has been observed that such indices are assessed on a 
small dataset and ingenious scenarios. The small dataset can never truly help to analyze the 
nature of these indices and it is very difficult to determine the significance and influence 
of every index over the others. Hence, it’s necessary to assess them on a large dataset. The 
following research would help in scrutinizing the h-index along with its citation intensity 
based variants to rank the authors by using a large dataset of Mathematics domain that con-
sist of 57,533 authors and 62,033 total numbers of publications. These indices make use of 
the total published papers, citation count, along with the h-index and the five of its citation 
intensity based variants. The esteemed awards that are won nationally and internationally 
in the field of mathematics serve as a benchmark. This study would deal and help to recog-
nize the most influential authors by concluding the results gained after evaluation of these 
indices. For this purpose, firstly, we calculated the correlation among different indices. The 
strong correlation was found between the h-index and its five citation intensity based vari-
ants. The occurrence of the award winners is examined according to the rank lists. H-index 
brought around 30.88% awardees in the top 10% of the ranked list. In a bird’s eye view, no 
index could succeed in elevating a 50% of award winners in the top-ranking. Our bench-
mark dataset is composed of 68 awardees. In the ranking lists, the maximum number of 
awardees belongs to American Mathematics Society (AMS) which are 29.
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Introduction

Measuring the scientific production of an individual from the present day scientific society 
is a task that is not only critical but also extremely tedious (Jiang et al. 2013). According 
to Dorta-Gonzalez and Dorta-González (2013) authors, the ranking is very helpful when 
picking up the great scientists from any field and also in identifying the deserving ones 
for getting tenure, some funding or even a project. It can also be very helpful when rating 
academic output etc. Raheel et al. (2018) stated that if authors were ranked in a fair way 
which encapsulated their educational ability, then it would have been very easy for confer-
ence organizers to pick someone for a keynote address. It could also allow students to make 
a calculated and informed decision regarding which professor to choose as a supervisor for 
their research.

In today’s time, the process of assessing any research work greatly depends on the 
standards and merits created by the concerned researchers of the scientific community 
(Wilsdon et al. 2015), Dorta-Gonzalez and Dorta-González (2013) stated that a compre-
hensive ranking system will also answer questions like which author is the most deserv-
ing of scholarship and promotion. It would also help in identifying which researcher has 
the most innovative or impactful work. To acknowledge the contributions of authors in 
the scientific community, different metrics or indices have been proposed (Bornmann et al. 
2008). According to James (2014) the concerned or related content puts forward a variety 
of parameters that may be used as indicators to evaluate the significance of any researcher. 
The pertinent literature benevolences number of parameters as a gauge to evaluate the 
worth of a scientist. Until now, many techniques have been designed on how to rank the 
authors according to their educational abilities. According to Harzing and Van der Wal 
(2008) each technique follows its own criteria on which it judges the authors. No matter 
what the technique, its method can both be qualitative and quantitative.

In the past, some approaches used to consider certain standards including the published 
papers or the articles that cite those published papers (Cameron et al. 2007; Bogers and 
Van den Bosch 2008). Later, the attention transitioned to introducing the indices that would 
calculate the influence of the researcher’s research work or assist to provide a ranking sys-
tem for the authors (Moreira and Wichert 2013). These indicators were designed to calcu-
late and quantify not just the production of researchers but also the impact of the publica-
tions, published by them (Balog et al. 2006).

One of the indicators that gained a lot of success was proposed by Hirsch (2005). 
Hirsch’s index (h-index) which aims to gauge the sustainability and the standard of the 
research work under consideration. The reason behind why the h-index is internationally 
made use of because of its handiness that helps in computing (Alonso et  al. 2009; Bui 
et al. 2014). Hirsh revolutionized the h index and subsidized in making h index the most 
frequently used standard to gauge the competence of the researcher in the scientific com-
munity. His idea and work received a lot of attention and was appreciated by the masses. 
Hirsch (2005) stated that the h-index takes into consideration not only the current produc-
tivity but also the future impact of a piece of research work. It acquires the basis of the 
most commonly quoted research papers and the total citations received by a paper. Origi-
nally that was proposed to serve as a relative marker to judge the quality of any research 
paper published by theoretical physicists. Hirsch expresses that the h-index is extremely 
predictive when it comes to determining whether an author has received Nobel Prize or a 
National Academy Membership. After calculating the h-index for 10 renowned and well-
cited biomedical scientists, he concluded that indeed the most-cited authors have a higher 



189Scientometrics (2019) 119:187–211 

1 3

h-index. According to Dienes (2015), h-index has certain restrictions. Some of its speci-
fications include that h-index doesn’t take into account the citations of top publications. 
Their h-index will always remain constant even if the citation is different for two separate 
authors. This is because h-index never copes with the high-level values of publications and 
citations, so it only shows one measure or citation in such cases. This confirms the lacking 
and inability of h-index since it not only depicts but also treats citation and publication as 
two different dimensions. It represents that in order to address two opposite dimensional 
values there always is an element of conversion variable which balances out the effect of 
those two opposite dimensional values (Dienes 2015). The author asserts that the deline-
ation of h-index doesn’t explain the conversion value. It is also expressed that lacks the 
ability to accommodate the community factor, which is considered as one of the most 
important factors when it comes to the identification of potential experts or the best-ranked 
authors from any area or field (Ayaz and Afzal 2016; Dienes 2015). In order to eradicate 
the specifications put forward by h-index a list of variants and different extensions have to 
be seen, including: g-index (Egghe 2006), a-index (Jin 2006), r-index (Jin et al. 2007), q2-
index (Cabrerizo et al. 2010), and hg-index (Alonso et al. 2010) etc.

According to Wilsdon et al. (2015) publications impact decides the ranking of the schol-
ars. There are different ways that can be adopted for ranking the researchers based on the 
impact of their works. Each way has its own standard for ranking. According to Sidiropou-
los et al. (2007), there are three most used techniques for it. The first technique is to ask 
an expert to rank the authors. Second is by analyzing the citation count. A combination of 
both the methods can also be used, but it would appear more like the second method. First 
technique works by gathering the views of various experts in a specific field. It is more like 
an impromptu method which does not work on preplanning. Also, by adopting this tech-
nique the experts have the leverage to rank the researchers however they like (Sidiropoulos 
et  al. 2007). This method is quite intriguing considering it involves the opinions of the 
authors that they form by examining all the works and that this type of ranking is not based 
on the citation count. But the fact that this method is manual makes it prone to objectivity.

Sidiropoulos et al. (2007) stated that another method that can be used for examining the 
research works is by forming a tool that would compute the scores gained for the objects 
being examined, considering the graphic representation defined by the total number of cita-
tions. Harzing (2010) stated that marking any publication according to its quality and other 
metrics is an arduous task to perform. The common methods that are mostly adopted for 
this purpose are based on the basic arithmetic functions. For example, the total amount of 
the publications authored or the number of citations etc. Sidiropoulos did a comprehensive 
study on them in 2005. Sidiropoulos and Manolopoulos (2006) proposed the idea of com-
bining both the approaches. The rankings acquired from them can be obtained by taking 
out the average of both techniques. No one method between them can be deemed as the 
best but the technique involving the citation count is mostly preferred. This is because it 
is automated and mechanical and is free of the human errors and because it makes use of 
the digital libraries by observing the given information related to citation count. The third 
approach is to assess the researchers by using national and international prestigious awards 
as the standard benchmark.

Raheel et al. (2018) stated that there is no specific standard that exists when it comes to 
ranking the authors. Most of the rankings are based on a certain index. Traditionally, when 
a new technique is put forth, it is developed on an imaginary scenario or on the basis of 
various datasets. Moreover, since these techniques are based and assessed on several types 
of datasets, which makes it arduous to catch and realize the cruciality of each technique 
separately. Hence there is an extreme obligation to measure and assess the h-index along 
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with its variants on an extensive and large dataset. There is no situational benchmark pre-
sent to identify the ultimate standard for ranking the authors. Most such rankings are based 
on single indices which raised a great concern. The concern regarding the current meth-
ods, move the scientific communities to find new ways and it is natural that the research 
on evaluation indices resulting in and a rapid increase of their pros, cons, and limitations 
(Raheel et al. 2018).

In a recent study, Ghani et al. (2019) evaluated H-Index and its extensions on the same 
dataset of Mathematics used in this research. The evaluated indices were M-quotient, hw-
index, hm-Index, hi-index, hc-index, m-quotient, ht-index, fraction-count-on-citation and 
fraction-count-on-paper. The objective of the study was to identify the best performing 
index from these indices on the comprehensive dataset of mathematics (Ghani et al. 2019). 
However, the current study evaluates the citation intensity based variants such as: H-Index, 
g-index, q2-index, Hg-index, R-index, A-index. Furthermore, the current study evaluates 
the ranking obtained by the citation intensity based parameters and its contribution to iden-
tify prestigious award winners in mathematics for following years.

According to Sangwal (2012) in order to know the technique for ranking the authors that 
provides the best result, a detailed evaluation of these techniques should be done based on 
the datasets from one domain. This calls for the high need to evaluate the roles performed 
by these indices including “h-index, g-index, a-index, r-index, q2-index, and hg-index” 
(Raheel et al. 2018). This paper would interrogate the roles that these indices perform. The 
roles performed by these indices are based on a large dataset which has a belonging to the 
mathematics’ domain. The primary objective of this research is to extricate the indices that 
provide the best performance. For the sake of evaluation, the awards provided by the well-
renowned societies in the field of mathematics are observed as a parameter or as a bench-
mark. We have used the most prestigious awards societies in mathematics as a benchmark. 
These societies include AMS (American Mathematical Society), IMU (International Math-
ematical Union), LMS (London Mathematical Society), Norwegian Academy of Science 
and Letters. It is noteworthy that in this research we are not forecasting the awards however 
we are evaluating the performance of the h-index and its citation intensity based variants.

The correlations are ciphered between the h-index and all its citation intensity based 
variants. Moreover, we observe: Are there any variants of h-index that have a weak correla-
tion with the h-index? Then we determine that what level of correlation exists between the 
h-index and its variants. By taking the help of a proposed methodology, we will answer the 
following research questions

1. Find the correlation among h-index and its citation intensity based indices and also 
determine that any citation intensity based variant of h-index exist to extend a non-
repetitive hand to h-index?

2. Are all the esteemed awards won, gained from h-index and its citation intensity based 
variants?

3. Which h-index or h-index citation intensity based variant helps the most in elevating the 
national and international award winners to be ranked among the best 100, 500, 1000 
authors?

4. Does the performance of the h-indices differ between the different awarding societies?
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Literature review

The parameters of ranking the authors have been originally used to help the students look-
ing for the right supervisor to supervise their Ph.D.’s research work (James 2014). Accord-
ing to Liang and Jiang (2016) ranking of researchers is helpful in making judgments about 
certain decisions such as to elevate an individual, to accepts the research opportunities, 
to nominate the different awards won in the scientific community, to allocate the service 
period to skilled persons, to distinguish peer-reviewers, and to allocate the contracts to 
the professionals. According to Jiang et  al. (2013) ranking the researchers has appeared 
as a crucial issue in the whole scientific society. There are different standards that form 
the basis for an individual to be ranked. For example, publication count, citation count, 
co-author, hybrid approaches, h-index, etc. have been used to rank researchers (Liang 
and Jiang 2016; Ayaz and Afzal 2016; Raheel et al. 2018). The common methods that are 
mostly adopted for this purpose are based on the basic arithmetic functions. For example, 
the total amount of the publications authored or the number of citations etc. Sidiropoulos 
did a comprehensive study on them in 2005 (Sidiropoulos and Manolopoulos 2005).

These parameters cannot be globally applied to individuals. Also, the challenge arises 
when it comes to developing a comparison between two types of researchers. One who 
annually published dozens of research papers or the one who obtained a rather selective 
approach and focus on to generate a few big shots (Aoun et al. 2013). The indices that are 
widely recognized include the total published research papers, or how many times they’ve 
been cited matters too (Hirsch 2005). According to Katsaros et al. (2009), the bibliomet-
ric indicators are used to statically and mathematically analyze the quality of publications, 
influence, and productivity of a researcher, connection between universities and organiza-
tions. Bogers and Van den Bosch (2008) stated that these indices have been subjected to 
strong criticism. Each of them carries certain specifications and shows some lacking. How-
ever, Panaretos and Malesios (2009) stated that the number of publications is measured 
by production. It does not depict the significance or the scientific influence of the publica-
tion. It only depicts the quantity of research work. Therefore, according to Cameron et al. 
(2007) researcher with the greater number of publications can be considered as a high-
performance researcher. But, only the publication count is not sufficient for the researcher 
because many researchers publish their paper in low-quality journals and conferences.

On the contrary, a number of citations may not depict a perpetual and an efficacious 
occupation and may be effortlessly oscillated by two or three exceedingly applauded review 
papers or publications (Mingers 2009). However, sometimes authors cite their own paper 
and sometimes the other authors cite the research paper in order to give a criticism. Jin 
et al. (2007) stated that the total number of citation count has been a controversial subject. 
In addition, it has been subjected to an impact of self-citation. Moreover, Depending on the 
type of field citation counts and citation rates are different for different fields. Smolinsky 
and Lercher (2012) examined citation counts of various scholars who hold a great value in 
the field of mathematics and its subcategories or subfield. They reached the conclusion that 
citation counts differ because of the way publications are internally cited or the way they 
are published. There are subcategories of mathematics that can attain better citation count 
because of their bonding with the fields that are highly cited. Behrens and Luksch (2011) 
stated that in the field of mathematics citation count does not pick out all the subfields but 
only a few of them and is most of the times ignorant of the others.

Researchers proposed a new parameter to overcome the weaknesses of publication count 
and citation count called h-Index. Hirsch (2005) proposed h-index. H-index simplicity and 
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handiness attracted a great interest of the scientific world. This index has the ability to 
portray the influence and productivity of a researcher’s publication just through one figure 
or value. It takes into account not just the total publications but also the total citations that 
access the importance of a researcher. Along with the immense advantages, h-index tends 
to have some disadvantages too. Such as, in some cases they blend the number of publica-
tions and citation rate. This can sometimes experience criticism. If a research work gets 
nominated within the core publications of the h-index and experiences an upsurge in its 
citations then that would also affect the value of h-index (Alonso et al. 2009). The h-index 
cannot distinguish between the researchers who share the similar h-index (Panaretos and 
Malesios 2009). The issue arises because of the assumption made by Hirsch that this simi-
larity can be differentiated by self-citing the publication. Gathering the required data for 
determining the h-index is not an easy task. At times, a complete list of the total publica-
tions of an author is essential to create a differentiation between the scientists who share 
a common name. Another thing about h-index is that it doesn’t go in the favor of new 
researchers because not only their publication rate but also the citation rate is compara-
tively less too.

According to Teixeira and Mota (2012) the h-index provides the scientists a breather to 
depend on their previously earned laurels and awards through an increase in the number of 
citations even when they aren’t publishing any new works. It is used to draw a comparison 
between some of the best scientists only. It doesn’t work to compare average scientists. To 
get rid of the various short-comings of h-index many formulas have been proposed to com-
pletely access a person’s scientific productivity (Bornmann et al. 2011).

It is stated by Sidiropoulos et  al. (2007) that, the conventional system followed by 
h-index has numerous inefficiencies. This is the reason why Sidiropoulos et  al. (2007) 
proposed two further extensions of h-index. Hence the researchers have introduced the 
two generalizations of h-index. They purposed three versions of h-index containing the 
standardized version of h-index, commonly regarded as the Standardized h-index, Trend 
h-index, and Contemporary h-index. These versions have the ability to unravel the con-
cealed facts in different citation networks. They also help a great deal when it comes to 
ranking the publications in a journal or even in a conference. Hence, for evaluating the 
success of each conference/journal separately, indices can be used. It is concluded that 
these extensions such as Trend and Contemporary h-index give better performance over the 
h-index that is original (Sidiropoulos et al. 2007).

Bornmann et al. (2011) put forth a discussion regarding h-index and it’s all thirty-seven 
variants. They calculated the connection found between them. All those variants have 
already been talked over. However, h-index has also some limitations as it relies on long-
term observation.

In another study, it was stated by Wu (2010) that an average value of h-index quadru-
ples the total of w-index. We introduced a new index, i.e. w-index. It was proposed as a 
meaningful way to measure or determine the influence of an authors’ research, mainly the 
impressive ones. It is concluded that the papers assessed by using w-index had prominent 
differences when compared with h-index since w-index pays more attention to the well-
cited works. W-index can be used to gauge the researchers, research cells, organizations, 
and scientists etc. (Wu 2010).

Aoun et al. (2013) analyzed and assessed the indices that help to calculate the scientific 
productivity of authors. According to the author, one of the indices that are known for its 
rigidity against the effects of self-citation is h-index. Additionally, an increase in h-index 
is observed which shows that it has been influenced by the time period of an individual’s 
educational life. This is the reason why h-index is known for putting junior researchers at 
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a risk and hence it is an immense hindrance when judging the authors at different levels in 
their profession.

Mazloumian et al. (2013) proposed an index based on a specific network. It assesses and 
measures the scientific productivity that is used to conduct a detailed worldwide dissection 
of erudite knowledge. It also helps in pervasion depending on the geography.

Fukuzawa (2014) analyzes the distributions of research publications and citations that 
have been patented. He also estimated the relationship that existed between them. His work 
was made on the basis of a sample of above 4000 published works. The correspondents of 
this sample were considered among the top authors in Japan. They came across that the 
connection between them is U-shaped.

H-index and it’s some other variants like g-index, and complete-h etc. was measured by 
Ayaz and Afzal (2016), which was based on a set of data gathered by using the mathemati-
cal techniques. In order to draw a comparison between gained from all these indices, award 
winners who have won nationally and internationally are standardized as a merit in the 
field of mathematics. This work states that the index, complete-h completes the h-index. 
It not only completes it, but it also adds an effect of community or community factor to it. 
The performance of Complete-h is better than g-index and h-index when adding the awar-
dees in the top-ranking lists (Ayaz and Afzal 2016).

It has been observed in the literature review that researchers used the same dataset with 
different parameters. For instance, three papers by Schreiber (2008a, b, 2010) and two 
papers by Liu and Rousseau (2007) and Liu et al. (2009) have used the same dataset. While 
in the literature review, the research work has been observed where the dataset is differ-
ent but the parameters are same e.g. the work by Bornmann et  al. (2008, 2009). Above 
mentioned paragraphs state various indices that are used to calculate the productivity of 
publications or to determine the most influential researchers. All the above-mentioned indi-
ces are applied on data sets that are not too comprehensive. Also, no standardized merit 
or benchmark exists when it comes to assessing and applying these indices (Raheel et al. 
2018).

Methodology

Scientific Community has been proposing the variety of approaches to rank researchers’ 
in different domains (James 2014). After the critical analysis of these parameters, it has 
been identified that researchers are mostly ranked using publication based parameters, cita-
tions or h-index (Jiang et al. 2013). In order to make the evaluation perform, the esteemed 
awards that are won nationally and internationally in the field of mathematics serve as a 
benchmark. We have evaluated whether the awardees from traditional ranking indices also 
rank on the top by using h-index and its citation intensity based variants.

The methodology is discussed in this section and the diagram of suggested elucidation 
methodology is given in Fig. 1.

Domain selection

In order to make use of the technique, data from a specific academic department is 
required. So selecting the field by making sure that it’s diverse we chose mathematics 
to evaluate the h-index and its citation intensity based variants. The filed that has been 
selected for the sake of this study is mathematics. There are various reasons behind 
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the selection of this specific domain. The foremost reason that serves is the fact that 
mathematics is a field that is well linked to all the other branches of science i.e. physics, 
computer science or chemistry. Hence, it proves that the domain that has been chosen 
is diversified and ranking the authors according to this would be an immense execution. 
According to Moreira et  al. (2015) it is important to assess the ranking parameters in 
other areas too because by doing so we would be assisting in promoting the academic 
growth and development. It would also assist in examining the h-index and its variants 
which would further help in ranking the researchers.

In order to gather the dataset, Ayaz and Afzal (2016) have devised the crawler. 
Crawler spawned the Google Scholar for the assortment of all the sets of data that have 
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already been published in the field of mathematics. Some main key words were incor-
porated into the crawler by the MSC i.e. Mathematics Subject Classification. According 
to Harzing (2013), Google Scholar serves as a highly effective medium when it comes 
to educational purposes necessarily because of citation and bibliometric statistics. Neu-
haus et al. (2006) stressed that one of the assets that Google Scholar holds is the scien-
tific coverage that it provides. It has been found by Harzing (2010) that in comparison 
to Scopus and ISI, Google Scholar has the best ability to offer the citation count. One 
another perk that Google Scholar offers is the fact that it has the access to everyone 
which makes it way easier and reliable to use. According to De Winter et  al. (2014), 
Google scholar is known for its precision and accuracy and it was found out when it got 
to be compared with the other eleven data sources that were taken into account. Accord-
ing to Harzing (2013) Google Scholar lets an open outlet for the accession of data, 
while other resources aren’t readily available. One other advantage of using Google 
Scholar is that it not only cites the data but also indexes it. According to De Winter 
et al. (2014), many research works are present that agrees on an immense highlight pro-
vided by Google Scholar and they honor Google Scholar more than any other resource 
The inclusiveness and diversity that Google Scholar offers for citation and bibliometric 
analysis make it unique and reliable (Harzing and Alakangas 2016). Hence, we have 
chosen Google Scholar as the source of our data.

Taxonomy building

Mathematics domain is versatile and associated with all other fields of studies. To retrieve 
the dataset, a crawler was designed that makes Google Scholar crawl to retrieve the dataset 
for publication to be applied in mathematics. MSC (Mathematics Subject Classification) 
was used as the basis and some keywords were introduced to be entered in the crawler 
(Ayaz and Afzal 2016). Those key terms were to act as an input for the crawler. Editorial 
departments from two well-renowned foundations i.e. the database of bibliographic records 
invented MSC. The present version of MSC i.e. MSC2010 has 64 sections that have been 
divided into 2 digits and further furnished into more than 5000 three-five-digit divisions. 
Many of these classifications use a certain list of words that provide unrelated and unneces-
sary search results when searched in Google Scholar.

The MSC categories are given to Google scholar to obtain papers related to them. The 
results that appear upon searching for a topic are usually in connection with the term that 
was searched. Or it can either be dependent on the received number of citations. Hence, for 
the sake of this study papers that were ranked on the top or the results that appeared from 
searching were included. The top 600 records that appeared in the results were selected. 
This is because the top 600 results are usually the most relevant and the answers start to 
become more extraneous after it crosses the top 600. After obtaining the results, the Meta 
data of the research paper was identified by the module, which includes the authors name, 
the title of paper, and year of publication, total citations and URL of the paper. After that 
all the data is stored in a database before performing the further processing. MSC2010 is 
the name of the version that has been recently produced. Total number of top best catego-
ries that forms this set of classification is 64, which is further divided into two sets i.e. 45 
pertaining to pure mathematics and 19 related to applied mathematics. This gave rise to a 
taxonomy that has 45 top levels and 239 sub levels. It is available at http://cdsc-cust.org/
resea rch/scien tomet rics/.

http://cdsc-cust.org/research/scientometrics/
http://cdsc-cust.org/research/scientometrics/
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Some fundamental steps were observed to authenticate the data including: (1) Elimina-
tion of search results that had irrelevant titles. A total of 69,527 results were gathered and 
169 of them had the irrelevant material which was no way related to publications. After 
the elimination of all those invalid characters, 69,367 results that had appeared were left. 
So, all those remaining publications were examined and for this sake their places of pub-
lications were filtered and observed. By checking their places of publication, we came to 
know that some of them belonged to the mathematics journals and others that did not. A 
total of 9368 publications never even made it to mathematics journals. All those publica-
tions that had no connection with mathematics were rejected. So, 69,197 publications were 
left. Another subject that often comes up is the ambiguity that arises when one name is 
shared by various authors at the same time or when various varieties of the name of one 
author happen to be existing in the database. To eliminate these confusions in the dataset, 
all names are confirmed and filtered.

The total amount of authors whose works existed in the database was 57,533, out of 
which 29,263 had the similar name issues. This created a huge ambiguity. Among those 
29,263 almost 7744 shared the names that were not so common. It was found out that 100 s 
of authors shared the same name sometimes and sometimes it was shared by only 2. Now 
in this situation two different types of conditions can be observed. One is various authors 
sharing the full name with each other i.e. first and last name both, and second can be only 
last or only first names are shared. After a detailed examination it was found out that no 
two authors shared the same full names. But a total of 4945 authors out of 7744 had differ-
ent first names but similar surnames. A final glimpse of the statistics is shared in Table 1. 
Data that was gathered was precise as a lot of citations had to be acquired but it cannot be 
said that all the works of every author was collected. All of the different indices were com-
pared and applied on the collected data therefore results can be computed for all indices.

Dataset description

In order to gather the data about the researchers, published and cited works against the 
classification system of MSC, Google Scholar is used for that matter. This dataset has been 
retrieved in December 2014 by Ayaz and Afzal (2016). There are many alternatives that 
are available to obtain the right data such as the web of science and Zentralblatt MATH 
but these resources are based on subscription (Bosman et al. 2006). They aren’t explicitly 
available for everyone. Also, the resources like Web of Science encounter certain specifi-
cations. For instance, it offers a reserved highlight of the domains in mathematics when 
drawn a comparison with Google Scholar.

The crawler provides the Google Scholar with the list of classification systems. It gath-
ers the title names of the published research works, of the authors or the researchers, loca-
tion or place where it was published. It also keeps in track the total number of citation 

Table 1  Mathematics and 
Benchmark Dataset information Total publications 69,197

Total authors 57,533
Number of citations 8,821,251
Total award winners (benchmark dataset) 104
Award winners after removing redundancy 102
The award winners found in dataset 68
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count, the date, and time of the publication and the URL of the published research work. 
It has been discussed by Beel and Gipp (2009) the way Google Scholar digs out the stored 
data when searched for any query. They deciphered that the best relevant results shown 
by Google Scholar are the ones that appear on the top and are frequently occurred in the 
title of the paper. To ensure the correctness of data, all 64 categories were compiled and 
verified by the domain experts. The dataset of mathematics consists of 57,533 and found 
57,515 authors after removal of ambiguities by former researchers but there remains the 
problem of duplication and ambiguous author names which have been corrected manually.

Pre‑processing

On this dataset of mathematics, pre-processing has been done to filter this dataset in two 
dimensions. One dimension is to check that is the data really from the domain of math-
ematics or not? The other dimension includes removal and eradication of the duplications 
and correction of ambiguous last and initial names of authors. In this section, the method-
ology is summarized in a way that the ranking list from h-indices is evaluated in order to 
identify and find a presence in the awardees on the top who are given prestigious awards in 
exchange of their remarkable contribution in the scientific community.

Benchmark Dataset

This specific research domain has no merited standard based on a dataset that could be used 
to evaluate and assessed (Ayaz and Afzal 2016). A comprehensive and extensive bench-
mark dataset is required to assess the h-indices. Hence, in this study, the highly esteemed 
awards are used as a standard merit or benchmark. Adler et  al. (2009) stated that many 
people achieve awards for their relentless efforts in different fields. Likewise, people and 
individuals are given many prestigious awards and honors in the field of mathematics too.

This study encounters the data of different awardees who won the 25 most esteemed 
laurels. These laurels are usually bestowed by different mathematical societies working in 
different parts of the world. These societies include AMS (American Mathematical Soci-
ety), IMU (International Mathematical Union), LMS (London Mathematical Society), 
Norwegian Academy of Science and Letters. This benchmark dataset has been retrieved 
in October 2018. The benchmark dataset consist of the data of awardees from 2015 to 
2018. All the awards are included by the four major award societies of mathematics. These 
all societies are supervised by international scientific unions for mathematics represent-
ing mathematics at world stage, members of the international council for science (ICUS)1 
(Adler et al. 2009). According to Yan et al. (2011) the researchers ranking is often limited 
to homogeneous dataset which is unable to account for the different factors that organize 
the scholarly communication and reward system. In this study we are ranking the research-
ers and evaluating the ranking parameters by using heterogeneous dataset in a nuanced and 
comprehensive way. We retrieved this benchmark dataset in November 2018. The actual 
numbers of considered awardees are 104. Out of which, the unique awardees have counted 
to be 102 and we have found 68 awardees in our dataset.

1 https ://www.mathu nion.org/.

https://www.mathunion.org/
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Calculation of indices

After we were done gathering the data, 6 indices were encountered in the data. “Appendix” 
depicts the evaluation of those total 6 indices. When we were done calculating we ranked each 
author relative to each index. In the end, we are able to get 6 different standards in which we 
ranked the authors.

Definitions of the h index variants

H‑index Jorge Hirsch, a researcher famous for inventing h-index in the year 2005, intro-
duced the h-index to measure the productivity of the researchers and their research works. It 
involves different scientific measures that can be computed by taking the total number of an 
author’s publications as the number of citations. Many scientists are working on in bringing 
out as many uses of h-index as possible for example in physics Michael has endeavored to 
discover new areas of study and components. The researchers who were chosen for higher 
research had higher h-index than the ones who didn’t get selected (Bornmann and Daniel 
2005). One of the most radical steps of h-index was it becoming the most modern approach 
in the area of indices. It can be used to dig out the odds between new researches and old 
ones. Not only has this but it also assisted the new scholars in helping them finding the 
works that have already been done in a certain field of study. It has the ability to calculate 
the value of a given paper and also measure its impact factor. Another one of the strongest 
aspects of h-index is the fact that it helps in positioning the researchers according to their 
contributions. One of its other advantages is that it is broad and offers fewer limitations 
when compared with other indices. One limitation that h-index is known for is that it doesn’t 
credit any paper that has low number of citations.

G‑index According to Egghe (2006), g-index is an index that was projected as a continuation 
of h-index. G-index is similar to h-index in a sense that it is also used for bibliometric purposes. 
Egghe (2006) defines the g index “as the highest number g of papers that together received  g2 
or more citations. From this definition, it is already clear that g > h.” In contrast to the h-index, 
the g-index gives more weight to highly cited papers. One of the perks of g-index over h-index 
is that it actually credits the paper with high citation. It even assists in crediting the papers that 
are ranked low in terms of citation. It proves that g-index provides variety and contributes a lot 
when it comes to ranking the researchers.

A‑index Burrell (2007) stated that the h-index hunts to discover the most useful core of a 
researcher’s work in accordance with the received number of total citations. Rousseau (2006) 
proposed a term for that core known as Hirsch core. According to Jin et al. (2007) Hirsch core 
is a collection that consists of the highly rated and best publications. The a-index only consists 
of the works that are a part of Hirsch core. Therefore, it is defined as a maximum number of 
cited papers. Jin (2006) proposed that since it contains the maximum number of citations it 
should be considered as variant of h-index. Later Rousseau (2006) termed this index as a-index 
and defined it as:

A =

1

h

h
∑

j=1

citj
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R‑index Jin et  al. (2007) concluded that a-index punishes the scientists with higher 
h-index for h gets divided by a-index. Hence, researchers have argued that by taking 
the square root of the total sum of citations instead of dividing by h. Jin et al. (2007) 
referred to this new index as r-index. R-index calculates the number of citations just like 
a-index therefore it can be very prone to even a few papers that have been highly cited. 
The r-index can be defined as:

Q2‑index Q2-index is formed by taking the geometric mean of h-index and m-index. 
Here h-index serves as the quantitative measure whereas m-index as the qualitative. 
The quantitative measure i.e. h-index is applied because of its vigorous nature and also 
because it gives a description about the total number of papers and the qualitative meas-
ure i.e. m-index is applied because it gives an idea into the impact that papers produce 
and also because it shrewdly deals with the distribution pertaining to the number of cita-
tions. This index observes both the quantitative and qualitative aspects of the researcher’s 
publications hence it attains a more universal outlook when compared with dealing both 
the aspects distinctly. Geometric mean has been applied in this index because of the fact 
that it makes it easier to calculate, it is easy and is not easily dominated by the other 
values that are high. Hence, it provides the information in a more stable and composed 
form. The q2-index of a researcher is computed as the geometric mean of his h-index and 
m-index, Cabrerizo et al. (2010) defined it as:

Hg‑index Rousseau (2006) stated that h-index and g-index compute various aspects of 
the researcher’s publication. However, the problem with that is h-index never covers the 
whole floor and even though g-index is considered to be more intense than h-index even 
it lacks in it. Alonso et al. (2010) presented that both calculate different characteristics 
of the research publications and should be considered to compute the scientific results. 
Hence, researchers provided another index known as hg-index which combines the best 
qualities of both the indices and also mitigates the weaknesses of each of the indices. The 
hg-index of an author is calculated by taking the geometric mean h and g indices, that is:

Evaluation

After getting done with calculating the lists in which we ranked the authors, the analysis 
of four different research questions has been discussed.

Calculated indices correlation

The first question is to determine whether there is actually a correlation exist between 
the h-indices? The motive to find the correlation that indices have is to have a look at 
the similarities that they share. The other question that arises is to find such h-indi-
ces that extend a non-repetitive role to the index. According to Corder and Foreman 
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(2009), Spearman’s rank correlation coefficient can be used to determine the correlation 
between these indices.

Determine the trend of awardees

After evaluating the top-ranked authors, we will determine that whether in the top 10% 
of the list the global award winners of the mathematics domain are present or not? We 
will also extrapolate that which index actually helps the most in elevating the award 
winners in the top list of authors. To answer these two questions we determine how 
many authors are present in the top 10% of the list then also find out the occurrence of 
awardees in 1–10%, 11–20% up to 90–100%. Also, the manifestation of award winners 
has analyzed among the best 100, 500, and 1000 authors. In order to dig out the total 
statistics of award winners from the list, first of all, we evaluate the total number of 
indices. Then, we rank all the researchers individually. Then, we highlight the position 
of awardees in the list. After which we calculated the awardees in the top 10% and simi-
larly for the whole ranked list we will find out the occurrence of awardees.

Finally, we assess the percentage of awardees in the top 10% of the whole list of 
awardees which occurred in the dataset of mathematics. In the same manner, we 
will determine the percentage of the awardees occurrence for 1–10%, 11–20% up to 
90–100%. For instance, we have a list of 100 authors in a specific dataset and 20 from 
that list are the awardees. Now, there we will organize the names of the authors in a 
descending way. So, we extrapolate 10% of the data from our data set. This states that 
10% of the data consist of the record of 10 authors that were on top. Let’s say among 
those top 10% of the awardees we have 4 occurrences. Therefore, in this scenario 20% 
awardees would be considered in the top 10% of the researchers, which would obviously 
be based on their index values.

Performance of  mathematical awards societies between  different h‑index indi‑
ces Here, in this area, the main attention would be on the fifth and the last question. 
The question is to evaluate that how the performance of the h-indices differs between 
the different awarding societies that are responsible for bestowing the awards such as 
IMU, AMS, LMS, and NASL. In order to get this done, first, we determine the frequently 
appeared awardees in the top 10% of the ranking list of the best authors.

Previously, we had determined the percentage of awardees appearing in the 10% of 
the ranking list. Now, we have calculated that from a total number of awardees from one 
society, how many appear in the top 10%. For instance, suppose that we have a total of 
350 names of the awardees from IMU and they were found in the mathematics dataset. 
Now, let’s say that from those 350 names, 151 names were the 10% names of the ranked 
list from the g-index value. So, in this scenario, in the top 10% of the generated list, 
42% of award holders are from IMU on the basis of their g-index value.

Results

In this section, our four research questions are discussed in detail.
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Correlation among the indices ranked lists

This assessment has been done in order to discover the similarity among the ranked lists. In 
other words, we have to calculate the correlation among all the indices, which is the answer 
to our first research question. To achieve this task, it has been computed that how each 
ranked list is correlated with itself as well as the other ranked lists. Three possibilities have 
been seen regarding the correlation values.

• The positive correlation value indicates that the considering ranked lists are directly 
related to each other (increase in one ranked list’s value also causes an increase in the 
other and vice versa).

• The negative correlation value indicates that considering ranked lists are inversely 
related (increase in one ranked list’s value causes a decrease in the other and vice 
versa).

• There is no correlation exist when the value is zero between the considering ranked lists 
(the values of both ranked lists are independent of each other).

The magnitude depicts the intensity of correlated values from one and other. The metic-
ulous set of correlation values of ranked lists generated from the 6 indices is represented 
in Table 2. The correlation values among these indices have been represented graphically 
in Fig. 2. Table 2 represented the complete range of values. The strong values have been 
highlighted using the red color. The correlation of the index with itself is 1. The weak 
correlation has been represented by the blue color line. The negative correlation has been 
highlighted using the purple color. All the indices that have the value below 0.4, equal to 

Table 2  Correlation of indices

H-index G-index Hg-index A-index R-index Q2-index

H-index – 0.949 0.988 − 0.007 0.457 0.907
G-index – – 0.984 − 0.013 0.391 0.948
Hg-index – – – −0.010 0.433 0.936
A-index – – – – 0.648 0.322
R-index – – – – – 0.416
Q2-index – – – – – –

Fig. 2  High, low and negative correlation
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0.4 or having value greater than 0.6 are exhibited. Here indexes are represented by the rec-
tangle and the edges represent the correlation strength.

The h-index has a strong correlation with 4 indices and with 1 index it has a weak cor-
relation. As a whole, the strong correlation between indices is greater than the weak corre-
lation. It has been evident from this correlation output that as whole the strong correlation 
values overcome the weak correlation. The outcome of our first research question stimu-
lates us to examine the next questions.

The significance of correlation is at level 0.01.

Awardees trend in the author ranked lists

Here we have assessed the next two research questions. We have determined the indi-
ces role in fetching the awardees at the top of the rank list and to determine the occur-
rence of awardees in the top ranking merits. To get the answer to these two questions, we 
first scanned the awardees’ occurrence for each parameter in the top 10% of the gener-
ated ranked list which is shown in Fig. 3. Secondly, we checked that how many awardees 
occurred in 1–10%, 10–20%, 20–30% and up to 90–100% of the whole ranked list gener-
ated by calculating each index which is shown by Fig. 4. From Fig. 3 It can be perceived 
that maximum occurrences of award winners (around 30.86%) lie in the top 10% authors, 
acquired by the h-index. The g-index, hg-index q2-index and r-index show the same perfor-
mance (29.4%). The lowest performance is seen in the case of a-index (14.7%).

The prestigious award societies decencies on indices’ results

The last question of our research is to determine which award giving society predominantly 
relies on which index. For tackling this, we scrutinized the occurrence of award winners in 
the top 10% of the list. As we have already mentioned that our benchmark dataset is com-
posed of 68 awardees. Out of these, 29 were from AMS, 6 from IMU, 23 from LMS and 
12 award winners from NASL. Generally, it is anticipated for the award winners that their 
total number of citations and the total number of publications must be high i.e. they must 
have a strong and sound research background. But, this assumption has seemed to be inva-
lid for some cases. We also evaluated the performance of each awarding society individu-
ally for retrieving the award winners in the ranking lists.

From Fig.  5, it has been evident that the AMS brought out 29 awardees (42.6%). 
Whereas 6 awardees (8.82%) are fetched by the IMU, 23 (33.8%) by the LMS and NASL 
retrieve the 8 awardees (11.76%) (Fig. 6). 

From the Fig. 7, it has been clear that which awarding society is well-suited to which 
index. Besides evaluation of each index individually, we have also evaluated the perfor-
mance of each awarding society individually for retrieving the award winners in the top 
10% ranking list. Given below observations are concluded as a result of our research:

1. AMS

(a) The h-index, g-index, hg-index and the q2-index performance remain equally well 
(almost 37.93%).

(b) The r-index performed up to 34.38%.
(c) The a-index, however, shows the poor performance (13.79%).
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2. IMU

(a) The performance of the h-index, g-index, hg-index, r-index, and the q2-index 
remains equal (almost 33.33%).

(b) The performance of a-index remained lowered (almost 16.66%) as compared to 
the other indices.

Fig. 3  Awardees percentage in the top 10% of ranked lists

Fig. 4  The occurrence of award winners in partial 10% part of each ranked list
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3. LMS

(a) The h-index performs the best (almost 21.73%).
(b) The performance of q2-index, g-index and the hg-index is same (almost 17.39%).
(c) The performance of the r-index and the a-index remain low (13.04%).

4. NASL

(a) The h-index, g-index, hg-index, r-index and the q2-index performance is the same 
(almost 37.5%).

(b) The performance of the a-index is low (25%).

Fig. 5  Total number of awardees retrieved from awarding societies

Fig. 6  Awardees percentage retrieved from awarding society in the ranked lists
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Award winners’ evaluation in top‑ranked authors

We have examined the occurrence of awardees in the top 100, 500 and 1000 ranked 
authors. Figure  8 represented the percentage of all awardees’ occurrence in top-ranked 
authors. As regards the top 100, the q2-index performs the best in retrieving the awardees 
it retrieves 2.94% awardees. The performance of g-index, h-index, a-index, r-index, and 
the hg-index is equal (1.47%). Hg-index shows the best performance in the case of the 

Fig. 7  Trend of indices on awardees societies

Fig. 8  Awardees winners’ occurrence in top-ranked authors
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top 500, it retrieves 8.82%. H-index and q2-index perform equally well (both 7.35%). The 
performance of g-index is 5.88%. When considered the top 1000 ranked authors, the maxi-
mum performance is seen by the q2-index, it retrieves 11.76%. The hg-index got the second 
highest performance (10.29%) as followed by the h-index, g-index and r-index (8.82%). 
A-index retrieved almost 1.47%.

It is worth mentioned here that the above-mentioned results are evaluated on the com-
plete dataset of mathematics which we have retrieved. It means that almost all the awardees 
have been retrieved by all the considered indices. The difference only lies related to the 
efficiency of each index. Here efficiency refers that how maximum numbers of awardees 
have been retrieved by the top-ranked authors. Regarding this, the A-index has shown the 
least performance.

Conclusion

We have evaluated the h-index and its citation intensity based variants in this research. We 
have considered the role of h-index, g-index, hg-index, r-index, q2-index, and a-index on 
the large dataset of mathematics fields. We have used the national and international award 
winners of the prestigious mathematics societies as a standard benchmark for comparing 
the results of various considered indices as previously used by Raheel et al. (2018).

Our first research question has been addressed by calculating the Spearman Rank cor-
relation among the indices. The results discovered that the high correlation exists among 
most of the indices. The negative correlation is found in the case of h-index, g-index, and 
hg-index with the a-index. Among these mentioned indices, the a-index has the negative 
correlation with h-index, g-index and hg-index and low correlation with q2-index and 
r-index. Actually, the positive correlation value and the negative correlation value reflect 
the extent to which the ranked lists are similar and dissimilar respectively (Raheel et  al. 
2018). By considering all the aspects of research, it has been concluded that the high cor-
relation exists among most of the indices.

For the second research question, we have determined the award winner’s occurrence 
in the ranked lists. We have compared the awardees with the top 10% ranked authors. Our 
results show that none of the indices prospered in fetching even 50% awardees, which is 
much astonishing. The h-index brought around 30.88% awardees, followed by the hg-index 
and the g-index (29.4%). Our benchmark dataset consist of 68 awardees of AMS, IMU, 
LMS and NASL awarding societies. AMS brought out 29 awardees (42.6%), whereas, 6 
awardees (8.82%) are fetched by the IMU, 23 awardees (33.8%) by the LMS and NASL 
retrieve the 8 awardees (11.76%) in the ranking list. The maximum number of awardees 
retrieved by the considered six indices in the top 100 is only 2%. In the top 500, this fig-
ure grows to 4.6%. Ultimately, 33% enhancement is seen in case of the top 1000 ranked 
authors. As regards the top 100, the q2-index performs the best in retrieving the awardees. 
Hg-index shows the best performance in the case of the top 500 and q2-index performs the 
best in the case of top 1000.



207Scientometrics (2019) 119:187–211 

1 3

To scrutinize the fourth research question, we have checked out the difference of the 
h-indices between the different awarding societies. The maximum occurrences of fetched 
award winners, who lie in the top 10% of ranked lists of h-index, belong to the AMS 
(almost 37.93%) as followed by the NASL (almost 37.5%) and the IMU (almost 33.33%). 
The least number of awardees has been brought out by LMS (almost 21.73%). It has been 
evident from the result that AMS society brought the maximum number of awardees at the 
top.

Future work

The ranking community of researchers has also proposed the numerous other indices 
besides these. They all also required to be assessed on the large datasets, to reveal their 
capacity. We aim to assess the other indices on the comprehensive dataset from different 
fields, in the future. Moreover a homogenous dataset can be constructed and define winners 
on basis of similar criteria e.g. two homogenous benchmarks can be constructed: one based 
on junior researchers, and one based on senior researcher and compare the performance of 
these parameters on these two groups respectively.

Funding Funding was provided by Capital University of Science and Technology.

Appendix

See Table 3.
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