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ABSTRACT

The ability of a researcher and quality of research publications are generally measured by the
number of research publications and the number of citations they receive during a given
observation period. There are a number of research indices commonly used to assess the
ability and hence the quantity of research along with the quality of a research publication.
Research indices are calculated based on either citation values of research publications of a
research scholar or the number of research papers published by a research scholar for a given
period. Apart from generally used citation indices like H-index, i10-index, G-index, and based
on argument on why certain research publications do not attract citations initially for some
years, it is found that the best method of identifying the contribution to research is calculating
the annual research index for an author by considering the annual research publications.
Recently, we have suggested some of the new research indices used for calculating research
productivity of individuals as well as a team of people in an organization which include ARP-
Index — (Annual Research Publication Index), RC-Index — (Research Continuation Index),
RE-Index (Research Expansion Index), Project Productivity Index, and Cost Index. In this
paper, we have made an attempt to study these five indices by using our own technique of
qualitative analysis of a system or concept called ABCD analysis/listing.

Keywords: ABCD analysis, Research indices, ARP-Index, RC-Index, RE-Index, Project
Productivity Index, Cost per paper Index.

1. INTRODUCTION :

Innovations in higher education teaching
learning processes and innovations in research
are two areas of importance in higher
education organizations including universities.
There are many attempts is improving the
quality of higher education by managing such
institutions  effectively  [1-15].  Through
managing people in organizations using
Organizational performance theory A [16-22]
and measuring the research productivity using
Theory ABC [23-30], organizations can
improve the research output. Based on
competition for higher educational institutional
ranking, the institutions set their priorities to
research along with higher education, allocate
funds for the research projects, and also
encourage the faculty members to attract
research project funds from both government
schemes and from industries. The success of

such research projects funded can be evaluated
by studying the research publications and/or
patents generated from those projects. The
success of the organizations through research
publications can be evaluated using impact
factors and citation indices whereas the patents
can be evaluated based on its ability of
commercialization. Similarly, since several
years, journals have been ranked based on
their relative importance by their journal
impact factor, but that system has been much
commented and criticized. The importance
placed on the journal impact factor, calculated
by the average number of citations per article
in the previous two years, has led to many
journals manipulating the system. There are
several citation indices that are used to assess
the value/quality of a research publication or
the research impact of an author or a journal.
The evaluation these indices showed that there
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is a need for more sensitive and
comprehensive indices that can take into
considerations all the factors that may impact a
research publication or author. In general,
presently, the quality and effectiveness of
research output and hence research
publications are measured based on their
citation indices.

2. PURPOSE OF RESEARCH INDICES :

In many cases, the research index for a
research paper is calculated based on number
of citations the research paper received. The
research index of a research scholar is
calculated based on the number of research
papers published by that research scholar for a
given period. There are many research indices
developed by many researchers which include
H-, i10-, G-, H(2)-, HG-, Q2-, AR-, M-
guotient, M-, W-, Hw-, E-, A-, R-, W-, J-
index, etc. [31-32]. Out of these citation-based
research indices, h-index, G-index and i10-
index are commonly used in some of the
Citation databases. The citation based research
indices calculated on of a paper or number of
papers of an author has both merits and
demerits. The citation index may be less for
good paper or papers of an author due to
following reasons [33]:

(1) The research paper topic may be unique
and only few people/groups are doing research
on that topic.

(2) The paper may not easily available for
publics download in the journal website (not
open access journal), in various databases, or
due to copyright transfer from author to
published journal.

(3) The research paper might have completed
the entire issue of the research and no further
research in that topic might be possible.

(4) Some general papers in emerging field,
review papers on various futuristic field are
able to attract more citations compared to a
paper in a new field.

(5) If a research paper has ability to attract
others and opens further new opportunities for
research, is naturally motivates new research
in same area or related areas.

3. ABCD ANALYSIS OF NEWLY
PROPOSED RESEARCH INDICES :

To address the above mentioned constraints of
citation indices, it is argued that the best
method of identifying the contribution to

research is calculating the annual research
index for an author by considering the annual
research publications. Accordingly, based on
annual research index of an author, his average
research contribution for five years, or ten
years, or twenty years or any desired period
can be determined. Recently, we have
suggested some of the new indices to be used
for calculating research productivity of
individuals as well as a team of people in an
organization. In this section, we have analysed
the advantages, benefits, constraints, and
disadvantages of these indices using our own
developed ABCD analysis/listing framework
[33- 44].

(1) ARP-Index - (Annual Research
Publication Index):

The number of research publications of a
researcher during a given period shows his/her
active participation in research. In the era of
publish or perish, if researcher fails to publish
research papers by setting the target, they
cannot compete with others in the race. Annual
Research Publication index (ARP-index) is
based on the annual research productivity of
an author, or group of authors, or a research
organization [45]. ARP index gives the
weighted average of publications for a given
year as the time period. This index will give
annual research performance of any year (or
any specific time period) of an author without
considering the citations by considering the
fact that usually the citations for a paper takes
a long time and is variable quantity with time.
This index is more useful for quick
comparison of many researchers working in
same or related fields for a given period of
observation. This index will also stimulate the
researchers to set the target for a given time
period through proper planning to improve
their annual research productivity. ARP-index
makes use of ABC model of research
productivity [23-30]. It is the weighted
average of scholar’s annual publications. The
ARP index is exactly equal to annual research
index (a) of a given person. ARP-index =
annual research index (a) = [(2A + 5B +
1C)/8], where A is number of Articles
published in refereed ISSN numbered journals
during a given year, B is number of Books
published with an ISBN number during a
given year, and C is number of book Chapters
or Case studies published with DOI during a
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given year. The ARP index can be calculated

for a researcher, for a group of

researchers/department or for a given
organization. For a group of researchers /
department or for a given organization, ARP-

index can be calculated by considering a

number of researchers (N) in the group or in

that organization. Then ARP-index becomes

[(2A + 5B + 1C)/8]/N. ARP-index can be used

to compare researchers annual productivity for

a given time period and the annual research

output of higher education and research

organizations [33].

ABCD Listing Analysis of ARP-index :

(1) Advantages :

¢ ARP index motivates the researchers to set
their annual target.

e Even though the research topics cannot be
compared between different
researchers/subjects, ARP index can be used
to compare researchers in terms of their
commitments towards publication.

¢ ARP index does not differentiate the papers
published with different publishers so that
international  publishers who take the
copyright of research publications as well as
charges heavily as publication charges will
not get any weightage.

¢ ARP index is independent on citation which
is proportional to time after publication so
that the value of ARP index is fixed for a
given time and independent on progress in
time.

¢ ARP index depends not only number of
research papers published, but it counts
number of books published, number of book
chapter published, and number of case
studies published so that all scholarly work
of an author will be counted.

e This index is more useful for quick
comparison of many researchers working in
same or related fields for a given period of
observation.

¢ ARP index can be calculated for a
group/department or for an organization to
calculate its research contribution annually or
for a given period.

¢ ARP index is used to compare research
performance of researchers irrespective of
their subject, experience, age, gender, and
country background.

e Since ARP index is independent on number
of citations, it is not dependent on

researchers  working  background like
institutional repute, country background,
collaborators, number of researchers in the
area of research etc.

¢ ARP-index allows the institutional ranking
agencies to decide the performance of the
organizations for ranking.

e Calculation of ARP-index is easy and
straight forward so that every researcher can
calculate his/her ARP-index quickly without
depending on citation value provided by
various analytical websites.

(2) Benefits :

¢ ARP-index allows a researcher to count the
research performance every year for self
evaluation.

¢ ARP index of a researcher can be improved
by himself by focusing on more research
work and by means of hard work.

¢ Research organizations can be compared in
terms of their research output based on their
total value of ARP-index.

o Researchers who work in new and unigue
area need not worry on citation of their work
and hence can maintain their monopoly.

e Since the ARP-index is straight forward and
depending on number of publications with
appropriate weightage which is known to the
authors with more certainty compared to
citation based indices, ARP-index is more
reliable. Hence it is more acceptable to use in
individual and institutional ranking.

o All the scholarly publications like journal
publications, books published, book chapters
published and case studies published are
accounted in ARP index calculation.

¢ ARP index does not allow researchers to take
rest after a bunch of publications during their
young period. Professors, Deans, Directors
of the institutions will register low ARP
index if they fails to involve in active
research and hence cannot get advantages of
their old research like citation based indices.
Hence performance measurement based on
ARP index keeps everybody active in
research irrespective of their age and
position.

e Consideration of ARP indexing in
organizational research comparing to other
indices decreases the publication cost of the
researchers.

e Encourages more research publications by
every researcher in the organization which
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will results in increased organizational
research output.

(3) Constraints :

e Heavy pressure on every researcher in
organizations.

e No consideration of age, experience, and
quality of research.

¢ All publications of similar category are given
equal weightage which will be sometimes
criticized.

¢ Research publications earlier than the period
under consideration would not be taken for
calculation of ARP index unlike citation
index and hence criticized.

e Some of the publishers take long time for
review and final publication of papers which
affect the research and number of
publications of the scholar.

(4) Disadvantages:

¢ Encourages unfair competition sometimes.

e May encourage long author list for each
publication to take the advantage of
increased number of publications.

e May create unethical competition to increase
the number of publications.

eFocus on research may affect the
commitment on teaching and training.

eDue to enhanced pressure on research
publications, many researchers who are slow
in publications may quit the profession.

(2) RC-Index - (Research Continuation

Index):

Research continuation index encourages self-

citation. As per the general definition, self-

citation is a process of citing some of the old
published papers of the same authors in
present paper if they are relevant and
appropriate to mention in the reference. This
self-citation of related works will avoid
repetition of concepts and even avoids self-
plagiarism. Authors working in a unique area
as monopoly researchers will not find much-
published work by others in current research
area/topic may find only their previous works
as relevant to quote in the introduction as well
as in literature review. Thus depending on the
research topic in hand, an author can cite any
published article whoever’s it may be as cited
article including self-citation.  Thinking
honestly, self-citation has nothing to do with
ethics of publication until it cites relevant
work and adds the weightage of current
publication. Thus self-citation indicates

research continuation in a given field by a
given researcher or team of researchers.
Accordingly, we have developed a new
research index called Research Continuation
index (RC-Index). RC index is planned to
consider both the number of publications for a
given time period and the number of self-
citation of previous articles in the publications
so that one can have an idea of research
continuation responsibility of an author or
group of researchers or a research institution.

Accordingly, RC-index is defined as the

product of the number of research publications

during a given period and the number of self-
citations in those published papers.

RC-index = (Number of journal publications x

Number of self-citations in those papers) = (n

x m), where n = number of journal

publications of the researcher during a given

period (maybe annually) and m = Number of
self-citations in those papers during the same
period.

Research Continuation index assumes that any

new research work publication if it is a

continuation of previous research work or the

continuation of previous research topic will
contain by logically the self-citation of
previous works and publications. If self-
citation is zero, means the researcher is not
continued his previous work/works. RC-index
indicates the magnitude of activeness of
researcher by his number of publications
during a given period and ability of
continuation of previous research topic/topics
by a number of his self-citations. RC-index
can be increased by a researcher by increasing
his research contribution as well as effective

self-citation during a given period [33].

ABCD Listing Analysis of RC-index :

(1) Advantages :

¢ RC index counts both number of publications
for a given year and number of self citation
to determine continuation of research.

e RC-index indicates the magnitude of
activeness of researcher by his number of
publications during a given period and ability
of continuation of previous research
topic/topics by a number of his self-citations.

e This indexing method encourages self-
citation.

¢ The value of RC-index runs to a big number
as researcher increases either number of
publications or number of self-citation.
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e RC-index can be used only for active
researcher. For inactive researcher, RC index
will be automatically zero.

(2) Benefits :

eThe RC index involves simultaneous
determination of both number of publications
and the citations of his/her own publications.

o It indicates the activeness of researcher in
both present and previous years.

o The researcher focuses on continuation of his
previous research instead of choosing
different areas at different times. This leads
to the progress of research in a related area.

e The RC index is a whole number and its
value can be increased either by increasing
the number of research publications during a
given period or by increasing the self-
citation.

o Self-Citation increases the citations of an
author and hence his g-index and i10-index
values also increase.

(3) Constraints :

e An active researcher who publishes many
papers in a given year, may get RC-index
value zero if he fails to continue his previous
research. i. e., if self-citation is zero.

e No consideration of age, experience, and
quality of research.

¢ All publications of similar category are given
equal weightage which will be sometimes
criticized.

¢ Research publications earlier than the period
under consideration would not be taken for
calculation of ARP index unlike citation
index and hence criticized.

e Some of the publishers take long time for
review and final publication of papers which
affect the research and number of
publications of the scholar.

(4) Disadvantages :

e Encourages unfair competition sometimes
due to the reason of number of publications
is a part of the index.

e May encourage long author list for each
publication to take the advantage of
increased number of publications.

o May create unethical competition to increase
the number of publications.

e Some authors may try to increase their
citations by means of self-citation of
unrelated papers which attracts comments
from ethical grounds.

eFocus on research may affect the
commitment on teaching and training.

eDue to enhanced pressure on research
publications, many researchers who are slow
in publications may quit the profession.

(3) RE-Index (Research expansion Index) :

In contrary to research continuation index

(RC-index), a researcher can determine his

research expansion index by knowing a

number of journal publications and number of

external citations during a given observation
period.

RE-index = (Number of Individual

publications x Number of Citations on those

papers by other researchers) during a given
observation period.

RE-index indicates how the research topics

studied by the researcher have expanded to

other researchers so that they also started to
work on those topics and published papers by
citing the initial researcher’s papers in their
publications. RE-index gives equal importance

on Number of publications by an author (n)

and number of citations by others (p) on theses

papers during a given observation time. RE-
index gives an idea of how quickly others have

picked up the idea/research work of a

particular researcher and continued research

on that topic [33].

ABCD Listing Analysis of RE-index :

(1) Advantages :

o RE-index indicates how the research topics
studied by the researcher have expanded to
other researchers so that they also started to
work on those topics and published papers by
citing the initial researcher’s papers in their
publications.

¢ RE-index gives equal importance on Number
of publications by an author (n) and number
of citations by others (p) on theses papers
during a given observation time.

¢ RE-index is independent on self-citation like
h-index.

¢ RE-index can be improved by increasing the
number of publications of the scholar for a
given observation period.

(2) Benefits :

e RE-index gives an idea of how quickly
others have picked up the idea/research work
of a particular researcher and continued
research on that topic.

o The dependence of RE-index on number of
publications of the scholar for a given period
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stimulates the scholar to work hard to
increase his/her research productivity.

o The popularity of the research topic and the
possibility of further research work on a
topic  encourages further work and
consequently attracts more citation by other
researchers.

(3) Constraints :

e An active researcher, who publishes many
papers in a given year, may get RE-index
value zero if he fails to get citation by other
researcher on those publications. i. e., if the
total external citation is zero.

e No consideration of age, experience, and
quality of research.

¢ All publications of similar category are given
equal weightage which will be sometimes
criticized.

¢ Research publications earlier than the period
under consideration would not be taken for
calculation of RE-index unlike citation index
and hence criticized.

e Some of the publishers take long time for
review and final publication of papers, which
affect the research and number of
publications of the scholar.

(4) Disadvantages :

e Encourages unfair competition sometimes
due to the reason of number of publications
is a part of the index.

e May encourage long author list for each
publication to take the advantage of
increased number of publications.

e May create unethical competition to increase
the number of publications.

e Enhanced focus on research may affect the
commitment on other activities like teaching
and training.

eDue to enhanced pressure on research
publications, many researchers who are slow
in publications may quit the profession.

(4) Project Productivity Index (PP-index) :

Many organizations do research by involving

their researchers to work in externally funded

projects as well as internally funded projects.

Externally funded projects are given by

Country  government, various research

agencies, or different industries. Internally

funded projects are offered to researchers
based on their department and on individual
topics. The productivity of such project can be
calculated by studying the number of research
publication created/patents obtained from such

projects. For such scenario, the funding agency

can measure the productivity of a project using

a gquantity called project productivity index

(PP-index). PP-index is defined as a ratio of

Research productivity to Project funding.

Research productivity can be measured by

knowing the number of papers published or

number of patents obtained from that project.

If n is the number of journal papers published

or/and patents accepted and A is the amount in

Rs./$ spent for completion of a research

project, then PP-index = (n/A). By increasing

the number of publications from a project or
by decreasing the expenditure of a research
project, one can increase the Project
productivity index. Using this index, one can

determine the total cost per publication in a

given project and hence the success or failure

of the project can be judged [33].

PP-index = (Research Productivity / Project

Funding) = (1/Cost per publication)

ABCD Listing Analysis of PP-index :

(1) Advantages :

e PP-index encourages more publications at
less cost.

¢ PP-index measures the research productivity.

e PP-index is a simple and straight forward
way of measuring project success.

¢ PP-index can be a method of project funding
decisions.

e Since research productivity depends on
number of publications/patents, PP-index can
be improved by increasing the number of
publications of the scholar for a given
observation period.

e PP-index can be increased by either
increasing the number of research papers
published by that project or by decreasing the
cost of each paper publication.

(2) Benefits :

o Effective research cost control.

o Improvements in number of publications.

¢ Avoids unnecessary wastage of resources in
Government funded/company funded
projects.

o Effective measure of project performance
and accountability.

o Measures the ability of a researcher to
control research productivity.

¢ PP-index can be considered while allocating
the government funded projects to the
researchers & research institutions.
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e Good researchers based on high PP-index
value will get consideration in future project
funding from various agencies.

(3) Constraints :

e Certain high investment projects with low &
slow yield may not give high PP-index.

¢ Fixed cost in certain research projects cannot
be decreased.

e Cannot be used to compare the project
performance in different area or subjects.

o Conceptual, theoretical, and simulation based
research work gets higher PP-index
compared to empirical and experimental
research work.

e Project evaluation based on PP-index
discourages low performers in terms of cost
and research productivity.

¢ In PP-index calculation of researcher there is
no consideration of age, experience, and
administrative responsibility consideration
and hence may be criticized by some senior
researchers.

(4) Disadvantages:

e Encourages unfair competition sometimes
due to the reason of number of publications
and the cost of the project are parts of the
index.

e High investment researches in Science &
Technology sometimes gives low
productivity due to increased research cost
per publication.

e PP-index will become low if researcher
publishes the research papers in top reputed
international journals due to heavy cost of
open access publication.

e Project investigator will get heavy pressure
to publications if the Project funder uses PP-
index for project performance evaluation.

(5) Cost per Paper Index (CPP-Index):

CPP-index includes both, the cost of research

and the cost of publication. Cost of the

research include the cost of writing the project
by gathering information and literature, cost of
availing and setting up experimental setup or
empirical methodology, cost of various
resources used for research, cost of gathering
data, analysing them and interpreting the
result, Cost of writing research publication
papers and patents, cost of publication
fee/article processing charge for creative
commons publications etc. Depending on the
ability of the researcher and depending on the
research methodology used for the research,

the cost of research varies. The cost per paper
index is a new way of seeing the research
expenditure as an investment to get better
output. Generally, the cost of research
increases from conceptual research to
theoretical research, to empirical research, to
experimental research. A researcher should
plan how to decrease the cost of research even
if he is supported by government or public
sector funding agencies due to the fact that
such money is from the taxpayers of the
country. Thus every research organization
should seriously think on the output of every
research project carried out by its researchers
through a measuring scale using cost per paper
index. Cost per paper/patent index gives a fair
idea on the average cost of each paper
publication which is the output of a research
project under completion. Both research
organization and researcher should plan how
to decrease average cost per paper without
compromising the quality. Generally based on
prediction, cost per paper is lowest for
conceptual based papers and highest for
experiment based papers. Some experiments
need huge investment on  machines,
technology, and materials. But such
experiments should be planned to get a good
amount of output. Thus while planning for
investment on research, organizations should
target to decrease the cost per paper/patent to
increase the productivity. Ideally, the cost per
research paper including publication should be
zero for good research and in all practical
cases it should be as low as possible.

ABCD Listing Analysis of CPP-index :

(1) Advantages :

o CPP-index alerts the researchers to decrease
the research expenditure without
compromising the quality.

o CPP-index encourages researcher to increase
research output and hence more publications
per project.

¢ Since ideal value of CPP-index is zero, every
researcher should try to decrease their CPP-
index as low as possible.

o CPP-index of a researcher indicates the
average cost of all research publications
during their entire life.

o CPP-index of a research project indicates the
average cost of all research publications

(2) Benefits :
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o CPP-index allows to know and compare the
cost-effectiveness of a researcher for his life
time research or the cost-effectiveness of a
particular project funded by an agency.

o CPP-index based ranking of research
scholars is possible.

o CPP-index gives an idea on how many
researchers required for completion of a
project.

o |t also gives an idea on how to optimize the
project cost and research productivity.

(3) Constraints :

o Measurement of cost per paper publication is
a difficult task.

e Certain category researchers may get
advantage due to the fact that their research
area and methodology may need low
investment but more productive in terms of
publications.

o CPP-index allows you to degrease or control
only direct cost involved in a project. The
indirect cost like time and other resources
utilization are not taken into account.

(4) Disadvantages :

¢ Some of the experimental research areas, the
control of cost and the assured productivity
are not guaranteed.

e In some of the research projects, due to
security reasons, the research results cannot
be published and hence productivity cannot
be measured only based on number of
publications/patents.

4. CONCLUSION :

The new research indices studied are useful for
measuring the research performance of the
researchers, organizations, and other
stakeholders. The value of research index based
on various research parameters is expected to
boost the self-motivation of researchers working
in any area. The popular research indices like h-
index, i-10 index, g-index, R-index, m-index etc.
have their own advantages, benefits, constraints,
and disadvantages as listed in previous paper
[33]. In this paper, we have studied the ABCD
listing based analysis of recently developed
research indices. The advantages, benefits,
constraints, and disadvantages of calculating the
annual research index (ARP-index) for an author
by considering the annual research publications
are identified and discussed. Accordingly, based
on annual research index of an author, his
average research contribution for five years, or

ten years, or twenty years or any desired period
can be determined. Similarly, the advantages,
benefits, constraints, and disadvantages of
calculating the Research Continuation Index
(RC-Index) of an author is studied by
considering the annual self citation are identified
and discussed. The advantages, benefits,
constraints, and disadvantages of calculating the
Research expansion Index (RE-Index) of an
author are studied by considering the annual
external citation are identified and discussed.
The advantages, benefits, constraints, and
disadvantages of calculating the Project
Productivity Index, and Cost per paper Index are
also identified and discussed. It is found that
these new indices are effective and simple in the
research output of an organization. The detailed
analysis of the factors affecting these indices
using ABCD analysis framework are [46-55] is
in progress.
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