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ABOUT A DIFFERENTIATED APPROACH TO EVALUATING THE
RATING OF CREATIVE ACTIVITIES OF SCIENTISTS BASED ON
MODIFICATIONS OF THE HIRSH H-INDEX

D. Sc. (Tech.) P. V. Gerasimenko

Emperor Alexander I Petersburg state University of railway engineering

At the present time around the world, the problem remains unresolved,
devoted to the development of a criterion for assessing the results of creative
activity organizations, and its individual scientists. It is assumed that scientists
should have a clear idea of the indicators of his scientific activity in accordance
with his tasks and goals. Using this should allow to build a network of
scientific ties between countries, organizations and individual scientists and
evaluate the effectiveness of scientific activities in the world [1]. As you know,
today the "h-index" or "Hirsch index" is taken as such a criterion.

The criterion is based on the cumulative accounting of part of the number of
publications of the researcher and the same part of the number of citations of
these publications. In other words, the index acts as an integer indicator in the
form of a convolution of the base number of the author’s most significant
publications for the time being considered and an equal number of their
citations.

According to the definition that the author gave it, this index interprets that a
“researcher” has an index h if from its N articles h are cited at least h times
each, while the remaining (N - h) articles are cited no more than h time [2-3]. A
diagram, explaining the definition of the Hirsch h-index, is shown in fig. 1.

It should be noted that there is no direct correlation between the scientist's
Hirsch index and the total number S of citations of his works. The Hirsch index
is proposed as an alternative to the classic "citation index" - the total number of
references to the work of a scientist. The h-index is an attempt to give a

157



YnpasiiHHS cOliaIbHO-eKOHOMIYHMMM CHCTEMAMH B YMOBax
HeOIH/IyCcTpiaJtizamii Ta rio0ajisanii (JIIAMHA, TEXHOJI0Tii, eKOHOMIKA

comprehensive assessment of both the number of publications of a scientist and
their citation (quality). The Hirsch index was invented as a unified assessment
of labor efficiency regardless of the field of its research. It is generally accepted
in the scientific community that an accomplished scientist in the field of physics
has an h-index of more than 10, and for Nobel laureates it can be 50-60 or
higher. If the field of work is relatively narrow, then even with the obvious

success and long work experience of the researcher, his h-index may not exceed
15-20 [4].

number
citations

h 1'}!' ordered articles
by number of citations

first h p=N-—-h
articles

Fig. 1. Hirsch Index definition diagram

In the article the index h is proposed with a geometric interpretation, namely,
the h-index is a number equal to the length of the side of a square of size h units
[4]. Then this square does not include all the publications of the scientist, but
the so-called base amount of work.

It is advisable to call this square “Hirsch Square”. It should be noted that if
the scientist has S citations, then the number of citations equal to (S - h?) will

not participate in the formation of the “Hirsch square”, according to its
definition. This fact is one of the significant drawback in determining the Hirsch
index.

A careful study of the nature of the h-index, in addition to the noted
shortcomings, can reveal many other drawbacks, for example, it practically
encourages a large number of publications of moderate quality. It provokes the
scientist’s desire to achieve a high position in science due to weak scientific
works with the successful organization of citing his works and others. The most
significant drawback of the h-index is the coincidence of its value both in the
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scientist with one ingenious widely known work, and in the author of many
little-known publications, which were cited no more than once [5].

In the development of the Hirsch idea, a number of scientists have proposed
options for addressing this drawback by modifying the h - index. These include
the Leo Egghe g-index [6-8] and Mikhailov’s j-index [9]. It should be noted that
all these authors in their approaches were not able to eliminate all the drawbacks
of the h-index, but tried to take into account some of the citations of significant
basic scientific papers.

In the present work, an attempt is made to propose a single approach for
several modifications of the Hirsch index, which allows for a differentiated
approach to assessing the creative activity of research teams. The main
assumption, as for the Hirsch index, is the equivalence of all publications [10].
Before introducing modifications of the citation index, it is advisable to
structure the total number of citations S, presenting it in the form of three terms.
The first term corresponds to the h - citation Hirsch index, i.e. those citations
that are in the Hirsch Square. The second term includes those citations that are
located above the “Hirsch square” (fig. 1). We denote their number by gZ.

Conventionally, by analogy with the h-index, which corresponds to the Hirsch
square, it makes sense to assume that the number g forms a square with sides

V‘?, and, therefore, introduce g — index. The value of g should be considered as

the reduced length of the side of the "square of significant work" of the scientist.
Finally, the third term includes those citations that are not related to basic
publications, i.e. are located on the diagram to the right with respect to the
Hirsch square. Their number can be denoted as p? and, accordingly, similarly

introduce p - index. Obviously, the total number of citations is
S = h®+ g* + p?, where the summands are the number of citations, which

respectively form the indices h. g. p.

Then the following definition can be formulated: the modification of the
gh-index is the Euclidean norm of the citation vector, the components of which
are the indices: the h-index and g-index. Therefore, the following obvious
statement is true: the gh-index is numerically equal (h* + g*) A2

From the definition of the gh-index it follows that the scientist takes into
account all citations that will form the largest square, the lengths of which are
equal to the square root of the total number of citations of basic publications.
Obviously, scientists who have outstanding work, i.e. works with a huge
number of citations, according to the gh-index, should occupy a higher rating in
the scientific team.

Similarly, we can formulate the second definition concerning non-basic
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works: the modified hp-index is the Euclidean norm of the citation vector, the
components of which are the indices: h-index and p-index. Therefore, the
following obvious statement holds: the #Ap-index is numerical, equal
to (S — g2)*/2. From the definition of the Ap-index it follows that the scientist

takes into account all the citations that will form the largest square, the lengths
of which are equal to the square root of the total number of citations minus
citations located above the Hirsch square.

Obviously, scientists who work intensively with a large number of
publications, but each of which has no more than h citations. Based on the /p-
index, these scientists should belong to a different category of scientists and
their rating in the research team is less significant than the rating established by
the gh index.

It makes sense to introduce the concept of “square of significance” h of the
basic work of a scientist and “square of intensive” work of a scientist. The gh-
index 1s the index of basic publications. He establishes the significance of the
scientist's work. The Ap-index is an index of non-basic publications, since it
characterizes the intensity of the scientist's work.

Each scientist needs to be evaluated by two indices, and the team of scientists
should be compared by convolution of indices (complex index), which is the
Euclidean norm of the citation vector, the components of which are indices:
h-index, g-index and p-index. Then the following obvious statement is true:
complex: ghp — undexc uuceno, pasen . (g*> + h? +p*)*'2,

Based on the indices introduced, it 1s advisable to evaluate the scientist’s
publications in three ratings, namely: significant work, intensive work, and a
comprehensive one that includes both ratings. For young scientists, it is
advisable to set the rating only on the Ap-index. The indices introduced in the
work allow differentially assessing the rating position of a scientist in a team.
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