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Abstract
The study aims to analyze the thrust areas of research concentration on any metric research. It is analytical in

nature with the suitable statistical tools applications in strengthening the empirical validity. This paper explained
about metric tools & techniques, why it is necessary, used and attractive among metric study researchers and also
different metric tools, techniques have been highlighted. The research study is an analytical that implement in depth
analysis of secondary data using a range of metric tools and formula along with standard statistical techniques.
Keywords: Metric, Relative Growth Rate, Exponential growth rate, Doubling Time, DC, Authorship Pattern.

Introduction
The effectiveness of scientific research performance could be realised only through a proper

communication system. Communication in science could be viewed from the standpoint of a
historian, an economist, a sociologist, and a library professional, and so on. Thus, science and
scientific communication are so interrelated that one influences the other for the generation of
information. Among scientists and social scientists, it is widely accepted that public research
performed in academic and governmental research institutions are driving force behind high
technology and economic growth. It is true that research makes an important contribution to
the economic growth of a nation. Such research output is used as the yardstick for measuring
the quality and quantity of research done in a country. It is interesting to note that during the
last few years, Bibliometric/ Scientometric tools and techniques have been increasingly used
and being used to evaluate the research performance of the scientists and the growth of various
disciplines of science. Hence, it implies and induces to examine the nature and extent of the
contribution made by the scientists of a particular discipline of a country or a few major
countries or for a particular period of time by using primary or secondary sources, that
facilitates the proper and effective analysis.

Review of Literature
Smith D. R., (2010)1, has aimed to investigate, from a bibliometrics perspective, the

progression and trends of core international nursing journals. The analysis was undertaken
among 7 core international nursing periodicals using custom historical data sourced from the
Thomson Reuters Journal Citation Reports.

Gupta. B. M, and Adarsh Bala, (2011)2, analyzed the research activities of India in medicine
during 1999–2008, the publication data on medicine has been retrieved by using SCOPUS
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database. The study found that, India holds 12th rank among the productive countries in
medicine research consisting of 65,745 papers with a global publication share of 1.59 s.

Prathap. G and Gupta, B M, (2011)3, analyzed the performance of education and research
institutes in India in medical and allied sciences during 1999-2008, based on their research
output, using robust quantitative and qualitative indicators which give a more rational
procedure for ranking their research performance. The data was collected from the SCOPUS
database and a new composite performance indicator, the p-index, is used to measure
performance.

Cantos-Mateos. G, et al., (2012)4, found the dual analysis of Spain’s scientific output in this
field during the period 1997-2007. This study provides an overview of Spanish research
involving stem cells, detecting and representing the main areas of research.

Jeyasekar and Saravanan (2013)5 analysed that the Journal of Forensic Sciences found
that there is an increase in publications on digital and multimedia aspects of forensic science
and the literature related to application of DNA technology in forensic science is also
increasing. The mean degree of authorship collaboration is 0.91.

Objectives
The study aims to analyze the thrust areas of research tools and techniques concentration

on any metric study research and it is analytical in nature with the suitable statistical tools
applications in strengthening the empirical validity.

Scientometric Study
Scientometrics can be defined as the “quantitative study of science, communication in

science, and science policy” (Hess, 1997)6. Scientometrics is the science of measuring and
analyzing science. In practice, Scientometrics studies has been done using bibliometric methods
(Wikipedia, 2014)7.Pritchard (1969)8 defined Bibliometrics as “the application of mathematical and
statistical methods to books and other media of communication”, while Nalimov and Mulchenko
(1969)9 defined Scientometrics as “the application of those quantitative methods which are dealing
with the analysis of science viewed as an information process”.

The tools and techniques are used to analyze in detail the bibliographic attributes of the
articles published on any subject which indexed in SCOPUS / WEB OF SCIENCE / INDIAN
CITATION INDEXING international multidisciplinary bibliographical database during the
particular period of time. The required data will be downloaded from online databases using
search strategies. The researcher will use various indicators to analyze the data of   Publication
( P ); Citations (C); Citation Per Paper ( CPP ); Impact Factor ( IF ); Relative Citation Impact (
RCI ); Co-authorship  Index ( CAI ); Transformative Activity Index ( TAI ); Domestic
Collaboration Index ( DCI ); and International Collaboration Index (ICI ) as research tools.
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Metric Research Application of Statistical Tools
The researcher has applied percentage analysis and average score analysis and applied the

following statistical tools:
 Relative Growth Rate
 Exponential growth rate
 Doubling Time for the Publications
 Authorship Pattern
 Degree of Collaboration
 Historiographic analysis

 Relative Growth Rate (RGR)
The relative growth rate is the increase in the number of publications/pages per unit of

time. Here, one year is taken as the unit of time. The mean relative growth rate R (1-2) over a
specified period of interval can be calculated from the following equation suggested by
Mahapatra.

R(1 2) 
W2 W1

T T

2 1
where,

R = Mean relative growth rate over the specific period of interval;
W1 = log w1 (Natural log of initial number of publications/ pages);
W2 = log w2 (Natural log of initial number of publications/pages);

T2-T1 =
Unit  difference

between  the
Initial time and final time.

Therefore,
R (a) = Relative growth rate per unit of publications per unit of time (year)
R (p) = Relative growth rate per unit of pages per unit of time (year)

Exponential Growth Rate
This examines the exponential growth rate to calculate the rate of population growth and

the nuances to calculate exponential growth rate. There are two types of growth rate such as,
exponential growth rate and linear growth rate. Exponential growth rate gives the relative
growth rate of the population as it depends upon the current population. Linear growth rate,
on the other hand, does not depend upon the current growth rate, and hence, calculating
exponential growth rate is preferred. Exponential growth rate can be used to predict future
population of any species of animals. It is used globally to predict human population. With the
knowledge of the periodic rate i.e., the number of years through which the growth rate is to be
calculated for the original population, calculation of the exponential growth rate can be done
with ease. The formula for calculating exponential growth is given as:
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N ( t ) N (0)e

Where,
N(t) is the population when the time elapsed is “t” years N(0) is the
initial population
“r” is the growth rate
“t” is number of years
“e” is the natural base of logarithms whose value is 2.711828

Doubling Time
A direct equivalence exists between the relative growth rate and doubling time. If the

number of publications/pages of a subject doubles during a given period, then the difference
between the logarithms of the numbers at the beginning and at the end of the period must be
the logarithms of the number 2. This difference has a value of 0.693. Thus, the corresponding
doubling time for publication and pages can be calculated by the following formula:

0.693
Doubling time ( Dt)

R
Therefore,

0.693
Doubling time for publications Dt ( a) 

R ( a)

Degree of Collaboration
The degree of collaboration is defined as the ratio of the number of collaborative research

papers to the total number of research papers in the discipline during a certain period of time.
The formula suggested by Subramanyam is used. It is expressed as

Nm

C 
N m Ns

where, C is the degree of collaboration in a discipline. Nm is the number of multi-authored
research papers in the discipline published during a year.

Ns is the number of single authored papers in the discipline published during the same
year. Using this formula, the degree of collaboration is determined.

Based on this study, the result of degree of collaboration C = 0.66. i.e, 62 % of collaborative
authors’ articles is published in this study.

Historiographic Map
This study has attempted to trace the evolution of Green Computing research by

constructing historiographs using HistCite software (developed by Garfield and colleagues) in
conjunction with Web of Science. The collection is exported to HistCite to obtain a large list of
3324 articles and cited references along with their local and global citation scores (LCS and
GCS). The LCS for a paper denotes the number of times the paper is cited within the Green
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Computing research collection, and the GCS denotes all citations to the paper (found in Web of
Science). Thus LCS will always be a subset of GCS. HistCite enables one to draw a citation
network among highly cited research articles (authors) from which one gets a feel for the
evolution of the subject (or research front) over the years.

GCS Global Citation Score shows the total number of citations to a paper in the Web of Science.
LCR Local Cited References shows the number of citations in a paper's reference list to other papers

within the collection
LCS Local Citation Score shows the count of citations to a paper within the collection.
NCR Number of Cited References shows the number of cited references in the paper's bibliography.
Recs Number of Records shows the number of records where a given item is found.

TLCS - Total Local Citation Score.
TGCS - Total Global Citation Score.

Bradford’s Law of Scattering Journals
The aim of Bradford's law is to explain that a group of journals could be arranged in an

order of decreasing productivity and revealed that journals which yield the most productive
articles are coming first and the most unproductive in the last. According to this law the
journals are to be grouped into a number of zones each producing a similar number of articles.
However the number of journals in each zone will be increasing rapidly. Then the relationship
between the zones is 1: a: n2. According to Bradford's distribution, the relationship between the
zone is 1: a: n2 contrastingly the relationship in each of the present study is 26:219:845 which
does not fit into Branford’s distribution.

Lotka’s Law of Author Productivity
Lotka’s law is one of the three major laws of bibliometrics that mainly explain the literature

distribution of various authors’ productivity in a given field. It finds that most articles are being
contributed by a few researchers, with a large proportion of researchers contributing just one
publication. Therefore, Lotka’s summarizes the logarithmic relation between researchers and
publication quantities. It is also called "The Frequency Distribution of Scientific Productivity". It
is a key law in the field of bibliometrics which describes and predicts the productivity of
publishing by scientific researchers. Lotka's Law describes the frequency of publication by
authors in a given field and states that the number of authors making n contributions is about
1/n² of those making one; and the proportion of all contributors, that make a single
contribution, is about 60 percent". This means that out of all the authors in a given field, 60
percent will have just one publication, and 15 percent will have two publications (1/2² times
.60). 7 percent of authors will have three publications (1/3² times .60), and so on.

The general formula is XY = C , where X is the number of publications, Y is the relative
frequency of authors with X publications, and n and C are constants, depending on the specific
field. In brief, the author who publishes two articles accounts, on average, for 1/4 of the total
number of publications. The authors who publish three articles account for about 1/9 of the
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total number of publications, and so on. Therefore, authors who publish one article account for
60% of all the publications. That is to say, authors who publish n publications will be 1 / n2 of
the proportion of total publications. This formula is also called the Inverse Square Law.

n  N XY X Y
N X 2 ( X )2

Pri e’s Squ re Root Law
Price's Square Root law, which states that half (50%) of the literature on a subject will be

contributed by the square root of total number of authors publishing in that area.
In order to validate whether the distribution status of authors fulfil Price’s Square root law,

the calculation mentioned have used:

N 10341

PSQ  N 101.69

1

C p1    , p 17, x 1, 2,3,....17

1/ X 2 1/ (n 1)( p n 1 ) 1/ 2 p n n / 24( p 1)n1

1

Price Principle (80X 20 Rules)
Price Principle (80X20 Rule) states that, for many events, roughly 80% of the effects come

from 20% of the causes. The original observation was in connection with income and wealth.
Pareto Price noticed that 80% of Italy's wealth was owned by 20% of the population. He then
carried out surveys on a variety of other countries and found to his surprise that a similar
distribution was applied.

Other Tools
The applied percentage analysis and average also applied apart from the above statistical

tools. Graphic and diagrammatic representations are presented wherever necessary.

Historiographic Analysis
Used by the Histcite software the researcher makes a graph map (called historiography) for

the selected option of top forty records for related studies. Historiography is commonly defined
as the "history of historical writing." A historiographical analysis, thus, has as its main objective
to explore and explain the origin and development of historical texts and the ideas presented in
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them. In this respect, historiography may be considered a branch of the wider field of
intellectual history or the history of ideas.

Bibexcel
Bibexcel is toolbox developed by Olle Persson, Inforsk, Umea University (Sweden). This

software is designed to assist a user in analysing bibliographic data, or any data of a textual
nature formatted in a similar manner. The idea is to generate data files that can be imported to
Excel, or any program that takes tabulated data records, for further processing. This tool-box
includes a number of tools, some of them visible in the window and others hide behind the
menus. Many of the tools can be used in combination to achieve the desired result.

H-index
The h-index is based on a list of publications ranked in descending order by the Times

Cited. The value of h is equal to the number of papers (N) in the list that have N or more
citations.

This metric is useful because it discounts the disproportionate weight of highly cited papers
or papers that have not yet been cited. In the h-index example below, the h-index is 30 because
there are 30 articles with 30 or more citations that appear above the green line. Conceptually,
the h-index is pretty simple. The 45 degree line is the intersection of the two (Citations=Paper)
in the curve indicates the h-index.

Calculating the h-index Value - The h-index factor is based on the depth of the Web of
Science subscription and the selected time span. Items that do not appear on the Results page
will not be factored into the calculation. If the subscription depth is 10 years, then the h-index
value is based on this depth even though a particular author may have published articles more
than 10 years ago. Moreover, the calculation only includes items in Web of Science - books and
articles in non-covered journals are not included. The h-index was developed by J.E. Hirsch
and published in Proceedings of the National Academy of Sciences of the United States of
America 102 (46): 16569-16572 November 15 2005.
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G-index
The g-index is an index for quantifying scientific productivity based on publication record.

It was suggested in 2006 by Leo Egghe. The index is calculated based on the distribution of
citations received by a given researcher's publications:

Given a set of articles ranked in decreasing order of the number of citations that they
received, the g-index is the (unique) largest number such that the top g articles received
(together) at least g2 citations.

Journal Citation Reports
Journal performance metrics offers a systematic, objective means to critically evaluate the

world’s leading journals
 Delivers quantifiable statistical information based on citation data
 Provides a variety of impact and influence metrics, including the Journal Impact

Factor and Eigenfactor TM
 Includes rank-in-category tables, journal self-citations, and Impact Factor box plots

Journal Impact Factor
The journal Impact Factor is the average number of times articles from the journal

published in the past two years have been cited in the JCR year. The Impact Factor is calculated
by dividing the number of citations in the JCR year by the total number of articles published in
the two previous years. An Impact Factor of 1.0 means that, on average, the articles published
one or two year ago has been cited one time. An Impact Factor of 2.5 means that, on average,
the articles published one or two year ago has been cited two and a half times. Citing articles
may be from the same journal; most citing articles are from different journals. Calculation for
journal impact factor

 A= total cites in 1992
 B= 1992 cites to articles published in 1990-91 (this is a subset of A)
 C= number of articles published in 1990-91
 D= B/C = 1992 impact factor
The impact factor is useful in clarifying the significance of absolute (or total) citation

frequencies. It eliminates some of the bias of such counts which favor large journals over small
ones, or frequently issued journals over less frequently issued ones, and of older journals over
newer ones. Particularly in the latter case such journals have a larger citable body of literature
than smaller or younger journals. All things being equal, the larger the number of previously
published articles, the more often a journal will be cited.

Conclusion
The study gives overall information about tools and techniques in metric study. Research is

a vital role for the development of a nation. The research output of a nation is a bench mark to
measure its socio economic and educational status. Many ways to measure the quantity and
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quality of the research output of the country and even the contributions of an individual. The
measurement in the field of LIS is known as Metric analysis. It is interesting to note that the last
few years, Metric analysis has been increasingly used to evaluate the research performance of
the scientists and the growth of all disinclines of science and social science. The present study is
to highlight all the details on tools and techniques in metric study. This tools and techniques
have also been used to evaluate the research output of many leading scientist of world
reputations.\
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