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Abstract: This paper studies the h-index-based academy credit evaluation based on fractional theory. The ACE model
based on h-index was proposed and implemented. Learning from many study of academic performance evaluation, the
paper proposed an ACE model emphasizing the credit from academic experts, with some new methods and indictors such
as large-scale h-index extracting approach, citation recommendation analysis approach and z-index indicator. To apply the
new model of ACE in real academic performance evaluation, related software was developed. The empirical study shows
that the h-index-based academy credit evaluation based on fractional theory can achieve better performance than the tradi-

tional algorithm in academy credit evaluation.
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1. INTRODUCTION

Since the introduction of the h-index in 2005, the h-index
has generally been well-received by the international scien-
tific community and library and information science. The h-
index research has been rapidly become one of frontiers in
metrology information and academic evaluation. This paper
reviewed the existing research results of h-index, then car-
ried out empirical research to the topic of h-index of cross-
data sources in scholars, academic journals and academic
institutions three dimensions based on ISI web of science
and Scopus two comprehensive abstracts citation database.

In the era of knowledge economy, academic performance
evaluation has significant influence upon scholars, academic
institutions, management institution and even countries. The
result of academic performance evaluation is an important
basis for research management and affects the development
of science deeply [1, 2].

Therefore, such evaluation has important theoretical
value and practical implications. There are many drawbacks
in the current academic performance evaluation system,
leading to serious crisis of trust. Moreover, the old academic
performance evaluation framework based on citation analy-
sis doesn't fit the changing publishing trends in the network
environment [3, 4]. However, h-index could be different
obtained from different data sources which will obviously
increase the complexity and accuracy of academic assess-
ment [5].

To solve the problems mentioned above, this paper is fo-
cused on the innovative treatment of basic concepts and
methodology of academic performance evaluation, and uses
h-index and related indicators as basic indicators for a new
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academic performance evaluation model. This dissertation
recommends a new model named Academic Credit Evalua-
tion (ACE) so as to stress the academic qualification and
credibility of the evaluators. It uses large-scale data extrac-
tion approach for h-index calculation and it has the advan-
tage of measuring the career stage of every member in an
academic community. Citation recommendation analysis
approach is tried to explore the structure of an academic
community, and z-index is suggested to measure the aca-
demic reputation of an author or a paper in high-impact
groups.

The field of Information Science and The scientific
evaluation of the academia have paid a lot of attention to H-
index since it was brought up by professor Hirsch in 2005.
Its theory has been improved and its application has also
been broaden. However, this index has some deficiencies
because it is calculated only by a single index called cited
times. Bornmann’s paper [6] starts from thesis some typical
indices such as cited times, download times, author's h-index
and periodical's in the year when thesis is published, annual
average on cited times and download times using software
SPSS to extract three principle components. The first con-
tains cited times, download times, average on cited times and
annual average on download times. The second contains
authors' annual h-index. The third one contains periodical
annual impact factor. Through analysing these three compre-
hensive principle component paper gets the six indices'
weight which are 0.067-0.289, 0.157, 0.319, 0.291, 0.258.
Paper gets the elected 20 authors' every thesis' total scores
according to the six indices' weight and calculates 20 multi-
ple h type indices Hm in accordance with the method which
h-index is calculated by. The correlation analysis between
Hm and h-index tells that these two indices' linear correla-
tion is significant and the correlation coefficient reaches
0.771 which proves the Hm's feasibility. Meanwhile, in
comparison with h-index, Hm which is researched on multi-
ple indices has lower Equal probability, even if different
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author had the same Hm we also can compare the authors by
minimum and precise accurate decimal score. In addition, it's
also useful to improve the unfair phenomenon between the
young and old authors to some extent.

2. THEORETICAL DERIATLON

The standard conversion can reduce the difference be-
tween the numerical value of the periodical index, and it will
be transformed into a simple numerical comparison. The h-
index has received an enormous attention for being an indi-
cator that measures the quality of researchers and organiza-
tions The index value is compared with the relative position
of the subject, so it can be avoided in the process of aca-
demic journal evaluation. The unfairness caused by the dif-
ferences between the families, which make the journals of
different disciplines more average, more fair, and the subject
of the index more discipline. Then it can provide the basis
for comparison. In this paper, through the analysis of the
various indicators of the average value of the subject, regardless
of the aim indicators, all disciplines of Science are discussed.

The average value of the family is very different, and the
journals have different half-lives and citation density. There-
fore, the direct comparison of these subjects is not fair; the
standard in this paper is using the method of transformation.
The average number can be recognized as the reference
point, and the standard deviation is used as the unit to indi-
cate the distance, and the relative position of the journals in
the discipline is derived. Standard method is used for reflect-
ing the relative influence of the discipline of the journal.

Academic evaluation is an important activity of man-
agement of academic output and is also a hot problem to
which both scientists and evaluation institution pay much
attention. In 2005, J. E. Hirsch, physics professor from the
University of California, design of a new scientific evalua-
tion index- h-index which improves the fairness and objec-
tive of academic evaluation. h-index was soon be well wel-
comed by all parties showing a good prospect of application.
h-index is a new evaluation of academic indicators, immedi-
ately aroused wide interest and a high degree of concern in
academic communities h-index as well as h-type index have
become the core of possible next generation of evaluation
parameters, so research on the h-index and the index is of
great realistic significance and academic value.

Based on the significance of h-index, international and
domestic electronic journal databases provide h-index-
related inquiries and paper quoted data analysis functions,
such as Web of Science citation databases and Scopus data-
base. However, due to the difference of the recorded the
types, quantity and time of journals, papers and references, h-
index has discrepancies among different data sources which
will increase the complexity of academic assessment [7].

Based on the research of h-index, we added the influence
factor which combined with the fractional coefficient pa-
rameters to make some improvement on the h-index. No
doubt H-index has improved the method to evaluate the
scholar impact of a researcher, but it has some shortages.
First, the performance of evaluating the impact and domi-
nates of a scholar in a team when they have done a teamwork
is not concerned in H-index. The H-index only concerns the
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researches who take the main role in a research. For an ex-
ample, a research noted as A research has been used as a part
of a lot researches, but the author of A research is not the
main researcher in all the others' research, if we use the H-
index, the result can not affect the reality of the impact of
research A.

Second, the h-index is not suitable for cross disciplinary
comparison. Chinese readers are more familiar with the
Hocking's h-index which is relatively high, is 62. Among
them, the highest h-index is obtained by the Wolf prize for
medicine, the professor of Johns Hopkins University,
Schneider, the h-index is 161, followed by the Nobel Prize in
physiology or medicine, California Institute of Technology,
Baltimore, 160. The h-index is high, and it shows that the h-
index is just like other indicators, not suitable for cross dis-
ciplinary comparison.

Third, the h-index contains the composition of self-
citation components. This study recognized that influence
factor of evaluation should be excluded from the self-citation
components and prevent fraud case, making the results more
effective and fair.

Based on the above points, we believe that we need to
improve the H factor, especially for the individual contribu-
tion in team research, we need to distinguish and count the
individual factors in order to make the evaluation more rea-
sonable.

Recently in China in 2007, some academic evaluation in-
stitutions published the first h-index of scholarly journals,
and a number of research institutions have put the h-index
requirement into the hiring process as basic conditions. A
person, a research institution or an academic journal has the
higher h-index, the greater influence on the academic com-
munity. However, h-index could be different obtained from
different data sources which will increase the complexity of
academic assessment. Why a variety of data sources can
cause the same author different h-index? Is there any method
to reconcile the difference of h-index obtained from different
data sources? In-depth analysis of the index and its forma-
tion mechanism in different data sources is the leading edge
research and will be presented [8].

There have many drawbacks in the current academic per-
formance evaluation system, leading to serious crisis of trust.
Moreover, the old academic performance evaluation frame-
work based on citation analysis doesn’t fit the changing pub-
lishing trends in network environment [9, 10]. To solve the
problems mentioned above, this paper is focused on the in-
novative treatment of basic concepts and methodology of
academic performance evaluation, and use h-index and re-
lated indicators as basic indicators for a new academic per-
formance evaluation model. This dissertation recommends a
new model named Academic Credit Evaluation (ACE) so as
to stress the academic qualification and credibility of the
evaluators. It uses large-scale data extraction approach for h-
index calculation and it has the advantage of measuring the
career stage of every member in an academic community.
Citation recommendation analysis approach is tried to ex-
plore the structure of an academic community, and h-index is
suggested to measure the academic reputation of an author or
a paper in high-impact groups.
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Many scholars proposes an organized comparison of sev-
eral academic research groups under the same disciplines,
according to Hirsch (%) based the bibliometric indicators. For
the comparison to be as much full as possible, several differ-
ent typologies of s-based indicators are taken into use. They
are respectively: the A-spectrum, the s-index of a research
group (hgroup), the successive h-index of a research group
(h,) and the A-index of single publications (AsiNGLE)-

Li has presented a methodology for comparing homolo-
gous research groups on the basis of their scientific produc-
tion and academic credit. Through the above analysis of cor-
relation, h-index, g-index are both close with the traditional
citation evaluation. The correlation coefficient is very big.
And the h-index in evaluation of colleges and universities
and scholars at some discipline is well within the influence
of comprehensive scientific output quality and quantity. But
the g-index has inherent advantages in h-index on the basis
of further optimize the college academic performance
evaluation index, to make it more scientific and reasonable.
Assessment of academic performance evaluation is a key
index of the academic level of scientific research workers,
which is also one of the important indicators to measure the
level of higher education. Therefore, that adopting the scien-
tific academic evaluation index to evaluate academic univer-
sity scholar, has the extremely important practical signifi-
cance [11].

Firstly, the problem data update is the problem. The sub-
ject line must be regularly updated. Secondly comes the data
identifying problem. In the process of evaluation, large
amount of data will be dealt. The accuracy of the data should
be ensured in the process. Thirdly, it is the database selection
problem. Evaluation data is based on all kinds of database.
Therefore, in the actual evaluation should be based on sub-
ject classification to selection, database to make evaluation
result more scientific and reasonable.

3. THE FRAMEWORK OF FRACTIONAL THEORY

It is necessary for the h-index that the number of citations
per article is not smaller than h. However, it is not necessary
for the h-index that the number of citations per article is not
smaller than g.

The h-index has been characterized in terms of three
natural axioms by Woeginger. The simplest of these three
axioms states that by moving citations from weaker articles
to stronger articles, one's research-index should not decrease.
Assume that a researcher has published m articles with a
sequence of citation numbers ranked in decreasing order:

mzn,zn 2.2 2...2n,20

where n,(j=1,2,...,m) are the cited times of the j-th publi-

cation respectively. Then the h-index is the unique largest
publication number such that the top g articles received to-

gether the cumulative citations n, +n, +.....+n, 2 g’ . In

other words, we have:
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Geometrically, the h-index means the largest width of all
the rectangles with the bottom (width) of publications and
the height (length) of the cumulative citations with at least
the square of the bottom (width) of publications.

The h-index is a new index in citation analysis for meas-
uring and comparing the output of a scientific researcher,
which may be considered as a variation of the h-index.

Assume that a researcher has published m articles with a
sequence of citation numbers ranked in decreasing order:

mzn,zn 2.2 2...2n,20

where nj(j =1,2,...,m) represent the j-th paper has been
cited by others at least n; times, respectively.

Definition 3: Given a set of articles by a researcher
ranked in decreasing order of the number of citations that
they received, the f -index is the largest one among all the
geometric averages of each publication and the correspond-
ing citation. Mathematically, f -index can be expressed by
f =max./jn. 2

1<j<m J

According to the above mentioned definition, we can eas-

ily calculate the f -index from Table 1.

Table 1. The H-index calculation.
Rank Citation Geometric Average f-index
1 ny Vi
2 na Vv 2n2
k—1 Mk—1 \/(k - I)le_l
k Nk Vkng f= 1151?5)51. Jjn;
k+1 The41 \/(k+ 1) 41
m Tm N

Assume that a researcher has published m articles with a
sequence of citation numbers ranked in decreasing order:

mzn,zn 2.2 2...2n,20

where n,(j=1,2,...,m)are the cited times of the j-th publi-

cation, respectively. Geometrically, the f -index is the arith-
metic square root of the area of the largest inscribed rectan-
gle among all the rectangles with the bottom (width) of pub-
lications and the height (length) of citations.

Each citation index of those indices has its own strengths
and weaknesses. The h-index has several good properties as
follows:

1. The f -index is a single indicator which takes into ac-
counts both the quantity and impact of the publications.

2. Itis simple to compute.
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Table2. The productive researcher with the list of publications and citations.
Rank Citation  Geomelric Average f-index
1 ny N
2 no Ty +v/2n2
2
k n ST+ e F— max VRL 4+ V20 + -+ (/i
k k 1<5<m J
m . @+\/ﬁ:-~+\/mnm
Table3. The list of publications and citations.
Publication  Citation Cumulative  Geometric  Arithmetic
Rank Sequence  Citation Average Average
1 13 13 V13 = 3.61 3.61
2 9 2 Vi8=424 393
3 6 28 V18 =4.24 4.03
1 4 32 V16 =400  4.02
5 3 35 V15 = 3.87 3.99
6 0 35 VO=0 3.33
indices h=4 g=>5 f=424 f=4.03

3. It takes into account the cites of the highly cited papers
(but the h-index is insensitive to highly cited papers).

4. It provides more granularity than the h-index. As we see
popularly, to increase the h-index is difficult (especially
when the h-index is high) and it is usual to find that many
different researchers have the same h-index with a very
different number of publications and cites.

However, the h-index has its own drawbacks. It is not
easy to understand the f -index since it is valued in the scale
of geometric mean. Moreover, it is not robust in some cases.

For the indicator which became better and bigger:

Z(l9.]) = Smin +

e(i, j)—mine(, j) 3)
: . X (Smax - Smin )
max e(i, j)—mine(i, j)
J J
For the indicator which became better and smaller:
Z(iaj) = Smax -
e(i, j)—mine(, j) (4)
.. : . .. X( max_Smin)
max e(i, j) —mine(i, j)
J J
For e-plus in some appropriate value indicators:
e(i,j)—e
BT T Y RTINS SR

= |e(i,j)—eo|+e0

In the evaluation of the ICP, it can be estimated the edge
nodes for selecting is that:

2w

(Cm(k7 j))ncxma = © pC(k’j)

(6)

petk, ={c|(@, = a)U(a, ~a))] ™

4. EXPERIMENT RESULTS

In the following we present a few examples for use of the
h-index in the evaluation of the scientific output of research-
ers.

Test 1: Consider the examples in Table 2 where number
of publications and citations are shown. Results show that
the h-index, h-index, and f -index may be different. This
example shows the good behaviour of h-index.

Test 2: Suppose that we want to compare the scientific
production of two different researchers. The first one has
published 15 papers and the second researcher has also pub-
lished 15 papers. According to the definition of h-index, both
have an h-index of 11. But their 11 most cited papers have
received different sites for each paper. It is obvious that the
production of the second researcher has a higher impact fac-
tor. The h-index of the second researcher is higher than that
of the first one. This is not reasonable. The f -index of the
second researcher is lower than that of the first one.
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Table4. The productive researcher with the list of publications and citations.

Paper Citation Rectangle Geometric f-index f-index
Rank  Number Area Average

1 59 59 7.68
50 100 10.00
3 30 90 9.49
4 24 96 9.80
5 20 100 10.00
6 20 120 10.95
7 17 119 10.91
8 17 136 11.66 fa =11.66
9 14 126 11.22
10 12 120 10.95
11 11 121 11.00
12 9 108 10.39 fa=10.34
13 8 104 10.20
14 6 84 9.17
L5 6 90 8.94

Table 5 Publications and citations.

Rank Citation Rank Citation Rank Citation Rank Citation

909 26 79 51 35 76 14
897 27 77 35 7 12
799 28 76 34 78 12
306 29 76 33 79 12
283 30 75 33 80 11
276 31 71 29 81 10
251 32 71 27 82 10

RN PR B

O OC| 3| S| U | Q2| B =

223 33 71 26 83 9

219 34 65 59 25 84 8

10 210 35 64 60 24 85 8

11 186 36 54 61 24 86 6

12 165 37 52 62 23 87 6

13 162 38 52 63 23 88 6

14 141 39 51 64 22 89 5

15 128 40 50 65 21 90 5

16 114 41 50 66 21 91 5

17 110 42 49 67 20 92 5

18 109 43 48 68 18 93 3

19 105 44 46 69 18 94 2

20 105 45 46 70 18 95 2

21 103 46 41 71 17 96 1

22 98 47 41 72 17 97 1

23 94 48 39 73 14 98 0

24 93 49 39 74 14 99 0

25 85 50 36 75 14 100 0
Test 3: Examine a productive researcher with the list of Fig. (1) shows the geometrical interpretation of the h-
publications and citations shown in Table 5 based on Google index and Table 3 shows the list of publications and cita-
Scholar. Then the h-index is 45, the h-index is 91, the h- tions. Table 4 shows the h-index and h’-index Calculations

index is 48.96, and the h-index is 44.52. of Author A.



2954  The Open Cybernetics & Systemics Journal, 2015, Volume 9

Citations
ny b

ng foreens

MNph-1
Nh

h
Th+1

Citations

4

Hui-ying Gao

2 bl h bl

Fig. (1). The geometrical interpretation of the h-index.

CONCLUSION

In the last years, the h-index, a measure of the scientific
output of researchers based on both the quantity and impact
of publications, has received great attention from the scien-
tific community. Many papers have dealt with this index and
have proposed new variations of the h-index (for example,
the h-index).

Regarding the future, our analysis will be extended to
other scientific sectors at national or even international level.
Also, we will evaluate the opportunity of aggregating results
related to different scientific sectors into a general ranking,
able to reflect the overall scientific production of universities
or research institutions.
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