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ABSTRACT

Existing bibliometric laws have been established on the basis of well defined science
journals with a long history, However, the history of technology innovation research in
Korea is young and the scope of the research is diverse compared with other fields, The
main purpose of this research can be summarized as follows Can the traditional
bibliometric laws be used to explain the young and diverse data derived from technology
innovation studies in Korea, Second, we want to compare the explain ability of the power
law, compared with the traditional laws in the field, Third, we propose a quasi index
related to the well-known impact factor to measure the contribution of a journal or a
group of journals to the development of innovation research in Korea,

We confirmed Lotka's and Bradford's laws which are used to measure the productivity
of researchers, but we could not support the validity of Price’s Square Root law as Nicholls
(1998) could not, On the citations to journals, Garfield’s laws is not observed, However,
the power law fits well the citations to author, journal, article, and book, The estimated
parameters between 1.6 and 3.5 are similar to the values in the range of 1.5 and 3 in
previous studies, Finally the quasi index shows that the influence of international leading
journals on innovation research in Korea is weaker than on innovation studies in the

world,
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1. Introduction

Bibliometric objects such as authors’
contribution, coauthoring, citation, are
complex in nature, The complexity comes
from a large number of constituents, a
lack of controlling and coordinating entity,
and non-linear dynamics(Halpin et al.
2007). Moreover, the themes of inno-—

vation management studies in the world

are interdisciplinary, engineering mana—
gement, economics, marketing, forecas—
ting, operations management, organiza—
tional behavior, technology innovation,
and finance(Merino et al. 2006). On the
other hand, the history of technology
innovation research in Korea is young
and the scope of the research reflects
the needs for rapid domestic economic

development, making the research area

— 136 -



FHEUF|HAT, vol.40. no.4 2009, pp.135-150

more complex by adding information
technology and communication, venture,
valuation of technology, and technology
policy(Namn et al, 2005),

Are there any bilbiometric laws which
are applicable to technology innovation
research in Korea whose publication both
began in the early 1990’s and covered a
wide spectrum of research disciplines?
We note that the existing bibliometric
laws have been derived from well-esta—
blished, western science journals which
have a long history, If the laws are valid
for technology innovation in Korea, we
can claim that the journal publication of
the area is stabilized as other science
journals in the west are in the maturity
stage, As a separate issue from the
bibliometric laws, we are interested in
deriving a quasi index which is similar
to the well known impact factor to
measure the contribution of a journal or
a group of journals to innovation re—
search in Korea.

In bibliometric research we have se—
veral representative laws governing the
productivity of researchers and the dis—
tribution of academic journals, The most
prominent laws on research productivity

are the Lotka's(1926) Law and the

Square Root Law by de Solla Price
(1963), while Law of Scattering by Brad—
ford(1934; 1985) and the Law of Concen—
tration by Garfield(1972) are well known
for explaining the distribution of journals,

The question we raised is that the
laws above can be applied to such
citation attributes as authors, journals,
articles, and books which are cited in
technology innovation publications in
Korea, If they are not applicable to
them, are there any other patterns to
explain the citation attributes? Explo—
ration for the answer is the purpose of
this research, We use all the citation
data cited by research papers of inno—
vation studies in Korea.

We first describe the summary sta—
tistics of the data to be analyzed., Next,
in the analysis section, we examine the
validity of the traditional laws in re—
search productivity and the distribution
of journals, Finally, we test the fitness
of the power law for the citation data of
innovation studies in Korea,

Previous research works show that
power laws are observed in diverse
complex networks of such well—establi—
shed fields as physics, biology, and

sociology. A complex network system,
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defined as a set of nodes and links
connecting constituent nodes, is frequen—
tly employed for the analysis of the
distribution of nodes and links. Power
law is a general function which does not
possess the normal distribution charac—
teristics, but decreases rapidly as the
value of an independent variable in—
creases, This peculiar characteristic is
explained by growth of nodes by time
and preferential attachment of a node to
other nodes Albert and Barabasi(2002).

For the analysis of social relation—
ships, Barabasi & Albert(1999) showed
that the networks of both Hollywood
actors and WWW follow the power law,
They also compared the parameters
across networks, Jeong et al.(2000) applied

the power law to the cell network,

Amaral(2000) also showed that the num—
ber of passengers at US airports can be
explained by the power law. A coauthor
network analysis by Barabasi et al,
(2001) also shows this law. In Web 2.0
environment, both collaborative tagging
system which is applied in bookmarking
services(Halpin et al, 2007; Dardy 2008)
and the readership and editing in Wiki—
pedia(Hardy 2008) are shown to follow
power laws, Zipf(1949) shows in the so-
called Zipf's law that the distribution of
the most frequently used words follows
the power law, Distributions of cited
authors(Laherrere & Sornette 1998) and
cited articles(Render 1998) are also shown
to possess the power law, Tsallis &
Albuquerque(2000) proposed a new distri—

bution called the Tsallis statistics, which

{Table 1) Previous studies on power laws

Estimation . Parameter
Function Independent Variable Estimated
Render(1998) x® citation to articles a=3
number of actors Vaetors — 2:3£0.1
Barabdsi & Albert(1999) X ) retors
number of links Vlinks — 2-1 0.1
citation to articles in ISI,
Tsallis & Albuquerque(2000) exp[gr/ 0] ratt 1 ! B = 0.44, 0.39
Physics
cx(1+a) number of citations number Acitati =21
Gupta et al.(2005) Tt oo cramions
cx ¢ of scientists Qg cientists — 1:93
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shows the relationship between the num—
ber of citations to a journal article and
the time elapsed after the publication of
that article. The distribution also follows
the power law, but after a certain period
of time, the number of citations dec—
reases rapidly. Gupta et al.(2005) analy—
zed the citations to a group of physicists
and chemists in Brazil, and confirmed
the Tsallis statistics. Podlubny(2005) tested
the Tsallis statistics in several research
areas in the US, but the shapes of the

distribution differ from area to area.

2. Data

There are two major journals as
outlets for academic papers on tech—
nology innovation in Korea: the Journal
of Technology Innovation(JTI) and the
Korea Technology Innovation Society(KTIS).

We covered all the articles(557) and
citation data(15,790) published in the
two journals from 1993 to 2006, Of
course all the technology innovation
related research is not published in the
two journals, We ignore other journals
since these are the representative ones
and we want to make the analysis
simple, Namn, Park and Seol(2005) and
Seol & Park(2008) are related resear—
ches.

The data to be used for the analysis
are in <(Table 2). The total number of
citations in the period is 15,790, of
which 9,385 citations come from 7,380
journal articles, conference papers, and
chapters of books. As shown in (Table
3, the number of citation to 2,266
journal articles is 8,194, and 5,087
books are cited 7,069 times, A total
number of 10,649 authors are -cited

23,903 times.

(Table 2) Descriptive statistics of data used

Period Number of articles published Number of citations
JTI 1993~2006 263 8,363
KTIS 1997~2006 293 7,427
Total o017 15,790
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(Table 3) Citation statistics (1993—2006)

Number of citations to Avg # of citations to
Net number . )
entity entity
Authors 10,649 23,903 2.24
Articles 7,380 9,3851) 1.28
(Journals) (2,266) (8,194) (3.61)
Books 5,087 7,069 1.39

{Table 4) Distribution of number of citations to different objects

Number of citations Author Journal Paper Book
1 7,201 1,551 6,201 4,291
2 1,638 294 773 459
3 624 131 228 155
4 369 66 95 61
5 175 40 217 36
Sub Total (%) 97.8 95.2 99.9 99.6
6~7 245 45 35 44
8~10 164 31 17 20
11~15 80 27 2 6
16~20 62 22 1 b)
21~30 43 21 1 b)
31~50 26 12 - 4
51~100 18 16 - 1
1001 4 10 - -
Total Cited 10,649 2,266 7,380 5,087
Note: Articles include papers, con— journals, and books, Most of the authors,
ference papers, and chapters of edited journals, and books received less than o
books citations, but a few of them got over
(Table 4y shows the distribution of several hundred citations,
the frequency of citations to authors, When we sort the citation data in

— 140 -



FHEUF|HAT, vol.40. no.4 2009, pp.135-150

(Table 5) Distribution of number of citations

wpe\w 10 | 20 | 24 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100
Authors 03| 12| 18|32 |67 |124|21.3|327|552]|77.6] 100
Journals 0.1 /040508 15]|31|62]139]20.6|63.9| 100
Books 0.9 | 34 | 56 | 92 |16.6|30.5 | 444|583 722|861 | 100
Papers 9.4 | 71|97 | 135|264 |364|49.1 | 61.8 | 74.6 | 87.3 | 100

decreasing order, we can see what
percentage of each type of citation
contributes to the total number of
citations, Interpretation of <(Table 5) is
as follows: 0,3% of all cited authors
received 10% of the total citations to
authors, and 13.5% of all cited articles
obtained 30% of the total citations to
articles,

Note: Articles include papers, con—

ference papers, and chapters of edited

books.

3. Results of Analysis

3.1 Principles related to published
Authors

3.1.1 Lotka's Law
Lotka studied the distribution of au—
thors with respect to the number of

articles published, That is he examined

the corresponding number of authors
who published an article, two articles,
and so on, He proposed the mathe—
matical relation, yxXx“=C, where y is
the number of authors who published x
articles, and C is a constant and « is a
parameters, He called it Lotka's Law,

Based on our data, a total number of
006 articles and 627 authors who
published those articles are described in
(Table 6). Regressing the data of (Table 5)
on Lotka's Law, we have the following
relation, Since the relation explains 91%
of variations in the data, we can say
that technology innovation studies in
Korea satisfy Lotka's Law. In fact,
Lotka's Law is the same as the Power
Law, which is described in section 3.3 in
detail,

Number of Articles9.622 * Number of
Authors = 365.65 R2 = 0.9142
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(Table 6) Number of authors vs number of articles by them

Number of Articles Published

Number of Authors

1 418

2 102

3 49

4 25

b 9

6 8

7 3

8 b}
913, 15, 26 each 1

556 627

3.1.2 Price’s Square Root Law

Price’s Law says that the square root
of the total number of authors in a
specific research area produces half of
the total output. We test whether the
law applies to technology innovation
studies in Korea too. In our case we
have a pool of 627 authors, The square
root of them is 25,04, However, we have
24 authors who published more than 6
articles, The 24 authors calculated is
equivalent to 3.8% of the total number
of authors, and their output occupies
only 18,9% of the total of 556 articles,
Since the number of authors who
published 3 or more articles is 107, and

they contributed 44.8% of the total

output, our data does not explain the
law well. Nicholls(1988) also was not
able to confirm the law,

When we use the data of citations to
authors to see whether Price's Law is
working, we can rephrase the law as
follows: The square root of the total
number of cited authors receives half of
the total number of citations to authors,
In this case we have a total of 10,649
cited authors and the square root of this
number is 103,19, On the other hand,
the number of most frequently cited
authors who received more than 20
times of citations is 101, which is only
below 1% of the total 10,649, Therefore
we can conclude that Price’s Law is not

applicable to this case,
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3.2 Principles related to journal citation

Garfield(1972) analyzed about a million
citations from 2,200 science journals
listed on the SCI. He observed that 24%
of the cited articles came from 25
academic journals, He called the phe—
nomena the Law of Concentration, To
see whether the law works for our case
let's look at the 24% column in {Table
5). There we have 9.7% or 713 cited
articles, These articles come from 249
journals and 47 books, When we ignore
the chapters in edited books, we have 650
articles covered in journals, Thus, from
the citation point of view our data does

not confirm Garfield's Law of Concentration.

3.2.1 Bradford’s Law

The Law of Scattering by Bradford
(1934; 1985) stipulates that when a set
of journals in a specific research subject

is sorted by relevance, the number of

journals listing a certain number of
articles is distributed as 1: b @ b* : b’ :

-, where b refers to the Bradford's
multiplier, To test the law, we use the
data in (Table 7). For the grouping, we
use two cases of the number of articles
cited: about 1,095 and 1,200, Based on
the first case and ignoring the outlier of
Group 6, the number of journals cited
(J,) in Group n is approximated as
(3.1)J,_,. In the similar way, the second
case can be formulated as J, _(3.4).J, .
From these two cases, we can deduce
that the Bradford's multiplier regarding
the number of journals cited in the

Korean innovation research lies between

3 and 3.5.

3.3 General Principles related to citation

As was described in the previous section,

the power law explains citation related

(Table 7) Groups of journals with similar number of articles

Group 1 | Group 2 | Group 3 | Group 4 | Group 5 | Group 6
Case 1 number of journals 10 26 87 335 981 845
number of articles 1,095 1,097 1,095 1,096 1,095 845
Case 9 number of journals 12 36 176 493 1,4641)
number of articles 1,209 1,232 1,359 992 1,464

Note 1) Number of journals cited just one time
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data better than other bibliometric laws,
Therefore we will use the power law to
examine the citation data of innovation
studies in Korea. Here we define the
independent variable x as the number of
citations and the dependent variable as
the number of the objects cited, The object
can be an author, article, journal, or book,

(1) Mz)=ex"

We apply the equation (1) for the
objects mentioned, As in (Table 8), we
see the power law fits all the objects,

explaining 8898% of variations,

In (Table 8 we have the smallest
value of a, 1,62, for journal citations,
and the biggest value of 3.47 for article
citations, Since the objects of cited
authors, journals, books, and articles
follow the power law, the shapes of the
functions of each object are similar, As
an example, the log transformed distri—
bution of the number of citations with
respect to author is shown in (Figure 1),
A simple linear regression analysis shows

that the coefficient is —1.78,

(Table 8) Parameters estimated and R

C a R?
Author Citation 5850.5 2.2043 0.9581
Journal Citation 475.3 1.6216 0.8856
Book Citation 2385.6 2.6179 0.9392
Article Citation 8671.5 3.4713 0.9843
1250 F ©
o
10.00 |
o
5 o
3 7sof oo
o )
35 0o
5.00 |
©
® [e]
250 | 0 ©
0 o
0 0mO®O O
0.00 (o) CO@@MMWCO O OO0
0.00 2,00 5.00 800

Log_Citation

{Figure 1) Distribution of authors and the number of citations
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3.4 Relationships among the indices

of citations

Regarding the issue of citations, what
are the relationship among the number
of citations to journals and the number
of articles cited? We can easily deduce
that if a journal which contains articles
cited more, then the journal is more
frequently cited than the other journals
which contain articles cited less, However,
can we claim that if a journal is more
frequently cited, does it mean that the
article in that journal attracts more
citations in average?

To answer the question we make

groups of journals based on the number

of citations to the journals in descending
order. The meaning of columns in {Table
9) is as follows: Column 1 refers to the
group of journals which attract the
specified number of citations, For ex—
ample, “over 90" indicates the group of
journals cited over 90 times, Column 2
refers to the number of journals in that
group, Thus, the number of journals in
group over 90" is obtained by adding
the number in group “over 100" and the
number of journals cited between 89 and
80 times, Column 3 represents the average
number of citations to the journals in
that group and it is derived by dividing
the total number of citations to the

journals in that group divided by column

{Table 9) Grouped indices derived from citation statistics

Journal Group Group size Avg # .Of citations to| - Avg # .Of articles Af:)/? :a(?rfm CZ?:;SIF;S

journal cited cited

Over 100 10 174.3 109.5 1.59
Over 90 14 151.4 95.7 1.58
Over 80 16 142.8 91.1 1.57
Over 70 19 131.7 84.1 1.97
Over 60 20 128.3 82.5 1.56
Over 50 26 111.0 1.7 1.55
Over 40 32 98.7 64.4 1.53
Over 30 41 84.3 56.2 1.50
Over 20 60 65.5 43.8 1.50
Over 10 119 39.8 27.3 1.46
Total 2,266 3.6 2.9 1.28
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2. Column 4 refers to the average number
of articles, which is calculated by divi—
ding the total number of articles cited at
least once in the group by column 2.
Column 5 is the average number of
citations per article cited at least once,
and it is obtained by the ratio of column
3 to column 4, Note that the deno—
minator of the ratio of column 5 is the
number of articles cited at least once,
which first of all makes the ratio
different from the impact factor,

As is indicated in (Table 9), if there
are more citations, we have a smaller
number of journals, but we have a
larger number of articles cited, and the
average number of citations to articles
becomes bigger,

An interesting result is that even
though there are 10 journals which are
cited more than 100 times, the average
number of citations to articles in the
group is only 1,59, It means that on the
average each article from the most
influential journal group on the inno—
vation research in Korea is cited only

1.59 times. Also note that the overall

average number of citations to articles
is 1.28,

How to interpret these figures? Since
the average number of citations for each
article cited for each journal Group and
the impact factor! are built from diffe—
rent concepts, a direct comparison of
the two is meaningless, For that reason
we call Column 5 quasi—impact factors,
In fact, when we focus on a specific
journal, the index conveys the similar
concept to impact factor, But when we
make a group of journals, the resulting
index becomes a composite index, Based
on the two indices, we can derive the
following implications,

Since we compiled our data from
1993-2006 as in {Table 2 & 3), we use
the impact factor of influential Research
Policy in 2006, which is 2.211, The
impact factor can be considered to be a
contribution factor to the innovation
studies in the world, especially in Eu—
rope and America, On the other hand,
our data show that the number of
citations to Research Policy for 1993
—2006 is 470, the number of Research

1) The impact factor of a journal measures the degree of influential power of a journal on related research
area by comparing the number of citations toward the journal during nth year with the number of articles
published in that journal during a certain number of previous years, usually (n—1)th and (n—2)th years.
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Policy articles cited is 264, and the
average number of citations for each
Research Policy article cited is 1.78.

In the current study we used the time
span of 1993 to 2006 for our study and
only counted the articles cited at least
once, Considering these, it is easy to see
the values in Column 5 are overvalued,
compared with the values to be derived
when we apply the rules of impact
factor, It implies that when we only
consider the citations from the two
innovation technology journals published
in Korea, the contribution factor of the
leading group consisted of major jour—
nals is significantly lower than that of
top journals such as Research Policy in
the international innovation research
field. This confirms the unique, diverse,
and interdisciplinary nature of inno—

vation research themes in Korea,

4. Summary and Limitation

The main purposes of this research
are as follows. First we wanted to test
whether the traditional bibliometric laws
can be used to explain the data derived
from the technology innovation studies

in Korea, Second, we wanted to compare

the explain ability of the power law,
compared with the traditional laws in
the field,

The major results of our analyses are
summarized in the following: We con—
firmed Lotka's Law which is used to
measure the productivity of researchers,
but we could not support the validity of
Price’'s Square Root Law as Nicholls
(1998) could not, On the citations to
journals, Garfield's Law is not observed.

However, the power law fits well to
the citations to author, journal, article,
and book, The estimated parameters
between 1.6 and 3.5 are similar to the
values in the range of 1.5 and 3 in the
previous studies, We can view the cita—
tion relationship as a set of links among
the nodes such as authors, articles, and
so on, Once we know the nature of the
distribution of network elements, we can
deduce the existence of hub and con—
nector elements in the network, Also the
notion of “the fitter, the better’ can be
explained by the power law,

Our finding confirmed that the power
law works well for the citation data of
young and diverse research of innova—
tion studies in Korea, whereas existing

bibliometric laws have been established
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on the basis of well-defined science jour—
nals with a long history.

We also proposed a quasi—impact factor
to compare the contribution of major
journal group to innovation research in
Korea and the world, The quasi index or
the average number of citations to
articles cited is 1,59, and the overall
average is 1,28, The figures are sig—
nificantly smaller than the impact factor,
2.211, of Research Policy in the year
2006, even though our quasi impact
factor is overestimated by considering
the much longer time span and by only
including articles cited at least once for
the calculation,

For the analyses, we used our pro—
prietary database, not the database from
ISI Thompson, which is generally used
for bibliometric research. Since we focused
on the technology innovation studies in
Korea, the results of our analysis can
not be generalized to other areas and
countries, In the future we need to
expand the area and coverage of data

for the generalization,
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