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a  b  s  t  r  a  c  t

We  introduce  layered  systems  such  as the  citations–citing  authors–citing  institutes–citing
countries  one.  Diffusion  of  scientific  ideas  flows  through  such  layered  systems.  Our  contri-
bution  contains  three  main  topics:  a  fractional  counting  system  for the  number  of different
units  in  a layer;  the  fractional  number  of items  of  the  same  type,  i.e. in  the same  layer,  over
which ideas  have  been  diffused;  and  the  evenness  of  diffusion  over  different  layers.  In  this
way we  construct  a  coherent  system  to  measure  the  extent  to which  scientific  ideas  are
diffused.

© 2012 Elsevier Ltd. All rights reserved.

. Introduction

Diffusion of scientific ideas, usually operationalized by the study of the diffusion of citations received by an article or a
roup of articles containing these ideas, is one of the main topics in informetrics (Le Coadic, 1987). Recently the topic has
eceived renewed interest in the context of interdisciplinarity and knowledge integration (Liu, 2011; Liu, Rafols, & Rousseau,
012; Rafols & Meyer, 2010). The fact that the spread or diffusion of scientific ideas is nowadays considered as a factor

n determining the innovativeness of these ideas is one of the reasons explaining renewed interest in the phenomenon of
iffusion (Peri, 2005).

What is diffusion? Strictly speaking the term diffusion as such has no meaning. In any concrete context its meaning
ust be specified as diffusion always refers to the spread of something from somewhere to somewhere else in or via some
edium. In physics diffusion refers to a process whereby particles of liquids, gases, or solids intermingle as the result of their

pontaneous movement caused by thermal agitation (Merriam-Webster, http://www.merriam-webster.com). In the social
ciences and humanities diffusion refers to the spread of cultural elements from one area or group of people to others and
his through some medium such as newspapers, the Internet and gossip. In the context of the information sciences diffusion
an be described as a virtual movement through cognitive space (Liu, 2011). Scientific results are diffused from one field
o other ones, from laboratory to article, from science to technology, and from technology to society. The medium can be

ace-to-face apprenticeship, scientific articles, talks during scientific conferences and so on.

Diffusion has been studied in the past using several techniques. A simple way, is the use of diffusion factors, introduced
n the informetric literature by Rowlands (2002) and further developed in Frandsen (2004) and Frandsen, Rousseau, and
owlands (2006).  Rowlands (2002) considered the journal diffusion factor as a measure of the transdisciplinary reception
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of a journal. He used the metaphor of throwing pebbles in a pond to describe the publication of new scientific ideas. The
diffusion factor may  then be understood as a measurement of the characteristics of the resulting ripples (citations). We  do
not recall Rowlands’ definition but immediately proceed to the general forms as introduced in Frandsen et al. (2006).

The n-year diachronous relative diffusion factor of journal J in the year Y is defined as:

RDIn(Y) =
∑n−1

j=0 U(Y + j, Y)
∑n−1

j=0 CIT(Y + j, Y)
(1)

In this equation, CIT(Y + j, Y) denotes the number of citations received in the year Y + j by articles published in the year Y (in
some fixed database). The number of unique, new journals for citations in the year Y + j, of articles published in this journal
in the fixed year Y is denoted as U(Y + j, Y). The phrase ‘unique, new’ refers to the fact that this journal has not cited an article
published in the journal J in the year Y during the years Y, Y + 1, . . .,  Y + j − 1, but that it did cite (in the year Y + j) an article
published in the year Y. Note that in the sum of the numerator any journal can contribute at most once. Also Frandsen (2004)
defined a journal impact factor. Hers, denoted as DIn(Y) is defined as:

DIn(Y) =
∑n−1

j=0 U(Y + j, Y)

PUB(Y)
(2)

The symbol PUB(Y) denotes the number of articles published in journal J in the year Y. In the Rowlands–Frandsen–Rousseau
approach the main part is the number of different, citing journals. In general the source of diffusion is a set of articles (not
necessarily those published in one journal during one year). Frandsen et al. even provide an example in which the source
is just one article. They also give an example of four articles published in different journals. Diffusion itself is measured by
counting journals, where whole counting is used as a journal contributes (value: 1) or not (value: 0). A more sophisticated
approach to diffusion in the context of research technologies can be found in Leydesdorff and Rafols (2011).

2. This contribution: layered systems

In this contribution we consider a layered system such as the “citing articles–citing authors–citing universities–citing
countries” system. We  prefer using layered systems as they lead to a coherent study. We  will apply our ideas not only to
hierarchical systems such as the previous example, but also to systems consisting of different levels which are not necessarily
hierarchical such as published articles–authors–journals in which these articles are published (the published article layer
is split into two non-hierarchical layers: the authors and the journal layer). We  note that the ‘citing author’ layer has been
studied in Ajiferuke and Wolfram (2009) and, in the context of h-indices, in Franceschini, Maisano, Perotti, and Proto (2010).
Clearly if an article receives citations originating from multiple countries then this article’s content is diffused more than
when the article has received the same total amount of citations, but originating from just one country. It is this difference
we intend to measure. We  introduce a fractional counting system extending the whole counting system used in earlier
publications on the subject of diffusion. We  also want to study the evenness of this citations–authors–universities–countries
system as a whole. The Gini evenness index will be our tool to realize this objective.

3. Methodology

3.1. Counting different items in a layered system

In this section we propose a fractional counting system for the number of different items. While doing this we assume that
each unit contributes proportionally. If knowledge of the exact contribution of an actor is available, and if considered useful,
a more sophisticated form of fractionalization may  be used. Let article A be the object of our investigation; the scientific
ideas contained in it are the source of diffusion.

Consider a layered system such as:

Layer 1: the set of all citations (received by article A) over a given citation window.
Layer 2: the set of all citing authors.
Layer 3: the set of all universities or institutes to which the citing authors belong.
Layer 4: the set of all countries to which these universities belong.

We are interested in the distributional characteristics of these authors, universities and countries. The underlying idea
is that the more citing authors (different ones) the better, and similarly: the more citing universities and countries (again
different ones), the better.
If the source of diffusion is a single article (as we  assume here) then each citation corresponds to exactly one citing article.
In this case the number of citations is equal to the number of citing articles (but see further in the next section). The total
number of received citations is denoted as C. If a citing article has ten authors we  do not want to give these ten authors a full
citation credit. One citing article should only have a contribution equivalent to one citing author, one citing university and
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Table 1
Layered system of received citations.

Citing articles Authors Universities Countries

Citing article (CA1) Author 1 (AU1) University 1 (UNI1) Country 1 (CO1)
Author 2 (AU2) University 1 (UNI1) Country 1 (CO1)

Citing article (CA2) Author 2 (AU2) University 1 (UNI1) Country 1 (CO1)

Citing article (CA3) Author 1 (AU1) University 1 (UNI1) Country 1 (CO1)
Author 3 (AU3) University 2 (UNI2) Country 2 (CO2)
Author 4 (AU4) University 2 (UNI2) Country 2 (CO2)
Author 5 (AU5) University 3 (UNI3) Country 2 (CO2)

University 4 (UNI4) Country 3 (CO3)
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Fig. 1. Table 1 illustrated as a layered system.

ne citing country. Recall moreover that we are not interested in the total number of citing units but in the total number of
ifferent citing units.

In order to realize this aim we propose the following counting scheme.
Assume that article A is cited three times as shown in Table 1.
Table 1 shows, among other things, that citing article 3 has 4 authors. The last of these (author 5) has two  addresses;

ne at University 3 in Country 2, and one at University 4 in Country 3. This layered system is shown in Fig. 1. We  note that,
xceptionally, it is possible that one university has campuses in different countries or regions.

We want to assign counts to the four levels of this system. Clearly there are 3 received citations. The number of (weighted)
ifferent citing authors is obtained as shown in Table 2.

Using this counting method each article contributes a total of one author unit. If there is more than one author, con-
ributions are divided equally (see for instance citing article 3, with four citing authors). This is the credit that one author
btains for his/her contribution to diffuse the scientific idea contained in article A. Of course, if for some reason one wants to
ivide credits among authors in another way (Hu, 2009), this is possible and does not change our approach. The total credit,
enoted as CSum, is equal to max(1, sum of all contributions). In this way  the maximum credit that a specific author is able
o obtain is set to one. This truncation is performed because we study different diffusion units.

The sum of all credits that all authors obtain from the citing article is the credit of the author layer for the contribution

o diffuse the scientific idea. If all articles were single-authored this would lead to the number of different citing authors in
he normal sense. In real cases many articles are multi-authored, leading to a fractionally determined diffusion credit of the
uthor layer. In this example this is 2.50.

able 2
ounting method for the author layer.

Authors Article 1 Article 2 Article 3 CSum

Author 1 0.5 0.25 0.75
Author  2 0.5 1 1
Author  3 0.25 0.25
Author  4 0.25 0.25
Author  5 0.25 0.25

Total  author units 1 1 1 2.50
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Table 3
Counting method for the university layer.

Universities Article 1 Article 2 Article 3 CSum

University 1 1 1 0.25 1
University 2 0.5 0.5
University 3 0.125 0.125
University 4 0.125 0.125

Total  university units 1 1 1 1.75

Table 4
Counting method for the country layer.

Countries Article 1 Article 2 Article 3 CSum

Country 1 1 1 0.25 1
Country 2 0.625 0.625
Country 3 0.125 0.125

Total  country units 1 1 1 1.75

Table 5
Layered system: special case 1.

Citing articles Authors Universities Countries
Citing article 1 Author 1 University 1 Country 1
Citing  article 2 Author 2 University 2 Country 2
Citing  article 3 Author 3 University 3 Country 3

The credit of the different citing universities is derived from the author contributions and is obtained as illustrated in
Table 3.

Again each citing article contributes a total of exactly one citing – university or institute – unit. If there are different
authors, say n, each author’s university receives a contribution of 1/n. If, however, an author has k institutional addresses,
then each institute contributes, via this author, a score of 1/nk.  Again CSum = max(1, sum of all contributions). Finally the
credit score of citing countries is obtained as shown in Table 4. These sums too are derived from the author distribution (and
not from the university distribution).

This leads to the following row of layered credits: 3–2.50–1.75–1.75.
Definition
A credit row as calculated above is called an LC-row, where LC stands for layered credits.
Often, and especially when there is a natural hierarchy in the used levels, such a row is non-increasing. Yet, an example

of a row originating from a hierarchical layered system, for which this is not the case is given in Appendix.

3.2. Evenness and its relation with diffusion in layered systems

At any moment in time we want to know the relation between the numbers in different layers, i.e. the numbers constitut-
ing the LC-row. To gauge this difference we use the notion of evenness, concretely operationalized by one of the most-used
evenness measures, namely the Gini evenness index (Nijssen, Rousseau, & Van Hecke, 1998). This index is calculated as
follows: if X = (xj), j = 1, . . .,  N denotes an array of non-negative numbers, then the Gini evenness index, denoted as Ge, is
calculated as:

Ge(X) =
2
∑N

j=1jxj

�N2
− 1

N

where the xj’s are ranked from high to low and � denotes the mean of the set {xj}. In our example N = 4; X = (3, 2.5, 1.75,
1.75); � = 2.25. Hence the Gini evenness value is 0.875 which seems a high evenness value (but see further). Indeed, when
all values are the same then Ge = 1. In general the lowest Gini evenness value occurs for arrays of the form (x, 0, 0, . . .,  0)
and is equal to 1/N if the length of this array is N. However, in our type of study zeros cannot occur and the least number of
items at any level is 1. Hence, in our case we have to consider arrays of the form (C, 1, 1, . . .,  1), whose length depends on
the number of levels considered. When the number of levels (N) is fixed the Ge-value of (C, 1, 1, . . .,  1) can be made as close
to 1/N as one wishes by increasing C. If N and C are fixed then the lowest value is (C + N2 − 1)/((C + N − 1)N). A relative Gini
index, denoted as Gr, can then be defined which maps MIN  = (C + N2 − 1)/((C + N − 1)N) to zero and keeps 1 to 1. This relative

Gini index is set equal to (Ge − MIN)/(1 − MIN). For the example of Table 1 MIN  = (corresponding to C = 3 and N = 4) = 0.75 and
hence Gr = 0.5, which gives a better intuitive feeling of the evenness over layers than the value of 0.875 we obtained earlier.

Next we consider two extreme cases. In the first case (Table 5) each citing article is written by a different author, working
in a different country; in the second (Table 6) all citing articles are written by the same author.
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Table 6
Layered system: special case 2.

Citing articles Authors Universities Countries

Citing article 1 Author 1 University 1 Country 1
Citing  article 2 Author 1 University 1 Country 1
Citing  article 3 Author 1 University 1 Country 1
Citing  article 4 Author 1 University 1 Country 1
Citing  article 5 Author 1 University 1 Country 1
Citing  article 6 Author 1 University 1 Country 1

Table 7
Case study (data collected on August 19, 2011).

Citing articles Authors Universities Countries

Citing article 1 Alonso Univ. Granada Spain
Cabrerizo Univ. Granada Spain
Herrera-Viedma Univ. Granada Spain
Herrera Univ. Granada Spain

Citing  article 2 Cabrerizo Univ. Granada Spain
Alonso Univ. Granada Spain
Herrera-Viedma Univ. Granada Spain
Herrera Univ. Granada Spain

Citing  article 3 Ye Zhejiang Univ. China
ISTIC, Beijing China

Rousseau KHBO Belgium
K.U. Leuven Belgium

Citing  article 4 Ye Zhejiang Univ. China
iFQ, Bonn Germany

Citing article 5 Lin Guangxi Normal Univ. China

Table 8
Counting different authors.

Authors Art. 1 Art. 2 Art. 3 Art. 4 Art. 5 CSum

Alonso 0.25 0.25 0.5
Cabrerizo 0.25 0.25 0.5
Herrera-Viedma 0.25 0.25 0.5
Herrera 0.25 0.25 0.5
Ye  0.5 1 1
Rousseau 0.5 0.5
Lin  1 1

Total  number of different authors 1 1 1 1 1 4.5

e

w

4

The citing level array of Table 5 is: (3, 3, 3, 3) and hence its evenness-value is 1. By definition this is also its relative
venness value.

The LC row of Table 6 is (6, 1, 1, 1). Its Gini evenness index is 0.5833 which is equal to MIN  = (C + N2 − 1)/((C + N − 1)N)
ith C = 6 and N = 4. The relative Gini index is zero.

. First case study

As an example of a real case we consider one of our own  articles:

Ye, F. Y., & Rousseau, R. (2008). The power law model and total career h-indices sequences. Journal of Informetrics, 2(4),
288–297.

This article has been cited 5 times as shown in Table 7.

There are 5 citing articles. The citing authors are determined as shown in Table 8.
Citing institutes are determined as shown in Table 9.
Finally we come to the countries, see Table 10.
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Table 9
Counting different institutes and universities.

Institutes Art. 1 Art. 2 Art. 3 Art. 4 Art.5 CSum

Univ. Granada 1 1 1
Zhejiang Univ. 0.25 0.5 0.75
ISTIC,  Beijing 0.25 0.25
KHBO  0.25 0.25
K.U.  Leuven 0.25 0.25
iFQ,  Bonn 0.5 0.5
Guangxi Normal Univ. 1 1

Total  number of different institutes 1 1 1 1 1 4.00

Table 10
Counting different countries.

Countries Art. 1 Art. 2 Art. 3 Art. 4 Art. 5 CSum

Spain 1 1 1
China  0.5 0.5 1 1
Belgium 0.5 0.5

Germany 0.5 0.5

Total  number of different countries 1 1 1 1 1 3.0

All these calculations brought together yield the array (5, 4.5, 4, 3). Its Ge-value is 0.9015 and Gr = 0.7374 (using
MIN = 0.625).

5. Other methodological considerations

5.1. Self-citations

How should self-citations be counted when studying diffusion? When knowledge is diffused it exists at a certain location
(in the general sense): in a country, in a research area, in a journal, within a person’s mind. The existence of knowledge is
what we want to take into account. We  mention four options (among many other ones). The first one consists in giving each
co-author of the original article a full credit at the start. The rationale behind this is that the knowledge exists in the authors’
head, and also in their institute, country or whichever unit they belong to. Alternatively one may  credit each co-author with
a diffusion value of 1/n  (if the article is written by n co-authors), but then it must be accepted that their contribution to
the total diffusion increases through self-citations. The method we  have applied consists in considering a self-citation in
exactly the same way as any other citation. The rationale behind this approach is that citing is an activity with respect to the
knowledge included in the original article, while publishing is passive. Finally, one may  remove all self-citations, but this
approach does not seem fair as the knowledge in the original article does exist in the authors’ institute, country or field. We
consider our approach as a reasonable compromise, but have no objection if, in a diffusion context, colleagues prefer to take
self-citations into account in a different way. We  further note that when the source consists of several articles (see further),
then other approaches become even more complicated.

5.2. Other potential layered systems

Besides the citations–citing authors–citing universities or institutes–citing country layered system (origination from one
source article), other layered systems may  similarly be studied. Examples are:

- Reference items (also originating from one source article), e.g. restricted to journal articles–journals in which these
references are published–the publishers of these journals.

- One source article: citing articles (restricted to articles included in the WoS)–citing journals–JCR subject areas to which
the journal belongs–ESI fields.

The first-mentioned layered system can be considered a kind of dual of the one we  started from as references are used
instead of received citations.

These examples make it clear that LC-rows depend on the particular layered system under consideration.
5.3. The case that the source consists of more than one article

Instead of a source consisting of a single article one may  similarly study the diffusion of a set of articles as source. Examples
are: The set of articles
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 written by one scientist (over a given publication period), or
published on a certain topic, or

 published by a research group, or
 published by a country.

In a scientific investigation this source may  even be a random set of articles sampled from a larger set of interest.
When the source consists of several articles one naturally has another level, namely that of citing articles as with each

itation a citing article is associated, but different citations may  originate from the same citing article. The idea of studying
iting articles instead of citations in research evaluation exercises has been applied by Rons and Amez (2009) in their impact
itality measure. From that point on the framework built in the previous section can be applied without further conceptual
hanges.

. Second case study

As an example we consider all articles published jointly by Rousseau and Ye during the period [2008–2010] and indexed
y the WoS  (data collected on August 19, 2011). These articles are the following three:

A1. Ye, F. Y., & Rousseau, R. (2008). The power law model and total career h-indices sequences. Journal of Informetrics, 2(4),
288–297.
A2. Rousseau, R., & Ye, F. Y. (2008). A proposal for a dynamic h-type index. Journal of the American Society for Information
Science and Technology, 59(11), 1853–1855.
A3. Ye, F. Y., & Rousseau, R. (2010). Probing the h-core: An investigation of the tail–core ratio for rank distributions.
Scientometrics, 84(2), 431–439.

Citing articles of a least one of these three source articles are shown in Table 11.
There are 19 citations, coming from 16 different citing articles. The citing authors are determined as shown in Table 20;

he citing institutes are determined as shown in Table 21,  and finally the weighted number of different countries/regions is
btained from Table 22.  Tables 20–22 are shown in the appendix.

This yields the LC-row (19, 16, 14.5, 14, 8.5). Its Ge-value is 0.8722 and Gr = 0.7959 (MIN = 0.3739). These values point to
 high evenness, meaning a rather high relative diffusion over all levels.

. Which type of questions did we pose and which answers did we  get so far?

At this point we reflect a moment to see where we are and what can be done further. Focusing on a set of source articles
including the singleton set) we asked the following questions: how are citations to this set of source articles diffused over
ifferent layers? Concretely we studied how many different articles cited at least one article in the source set? How many
ifferent authors cited at least one article in the source set? How many different universities or research institutes cited at

east one of the source articles? How many different countries cited at least one of the source articles? In these questions
he word ‘different’ is the keyword as we focus on the diffusion of the ideas contained in the source articles over these
nits. Moreover, we used a fractional approach to the notion of ‘different items’. The obtained result is a row of numbers
epresenting diffusion over different layers (here: articles, authors, universities, countries). One expects that these numbers
ecrease (although there might be exceptions) and the faster they decrease the less diffusion over the layers under study.
e determined the evenness in a LC-row by the corresponding Gini index. In the next section we  consider the source set

tself.

. A source set consisting of several items may  contain several layers

When the source consists of different articles one may  also study layers within this set. Examples are:

1) the source set of articles–the journals in which these articles are published–the fields to which these journals belong.
2) the source set of articles dealing with a certain topic–its authors–the institutes or universities they belong to–the

corresponding countries.

If the set of articles is the set of articles published by a – large or small – research unit we are studying a form of diffusion by
ublication. Hence our approach is related to the ideas proposed in Liu and Rousseau (2010) and Liu et al. (2012) where it is
xplained that diffusion of scientific ideas may  occur through citations (and hence mainly by others) or through publication

ctivities (and hence mainly by the persons involved in the publication of the set of articles under study). Partially renaming
ur first example yields an illustration of this situation (see Table 12).

The corresponding source row Y consists of the same numbers as row X in our first example: Y = (3, 2.50, 1.75, 1.75), and
as, of course, the same Gini values: Ge = 0.875 and Gr = 0.5.
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Table 11
Measure for layered system on multi-source articles.

Cited article Citing articles Authors Universities Countries

A1. Power law Citing article 1 Alonso Univ. Granada Spain
Cabrerizo Univ. Granada Spain
Herrera-Viedma Univ. Granada Spain
Herrera Univ. Granada Spain

Citing article 2 Cabrerizo Univ. Granada Spain
Alonso Univ. Granada Spain
Herrera-Viedma Univ. Granada Spain
Herrera Univ. Granada Spain

Citing article 3 Ye Zhejiang Univ. China
ISTIC, Beijing China

Rousseau KHBO Belgium
K.U. Leuven Belgium

Citing article 4 Ye Zhejiang Univ. China
iFQ, Bonn Germany

Citing article 5 Lin Guangxi Normal Univ. China

A2.  Dynamic h-index Citing article 6 Dorta-Gonzalez Pablo Univ. Las Palmas Spain
Dorta-Gonzalez Maria-Isabel Univ. La Laguna Spain

Citing article 4 Ye Zhejiang Univ. China
iFQ, Bonn Germany

Citing article 7 Hirsch Univ. Cal. San Diego USA
Citing article 8 Perc Univ. Maribor Slovenia
Citing article 9 Vieira Univ. Porto Portugal

Gomes JANF Univ. Porto Portugal
Citing article 10 Perc Univ. Maribor Slovenia
Citing article 11 Dorta-Gonzalez Pablo Univ. Las Palmas Spain

Dorta-Gonzalez Maria-Isabel Univ. La Laguna Spain
Citing article 1 Alonso Univ. Granada Spain

Cabrerizo Univ. Granada Spain
Herrera-Viedma Univ. Granada Spain
Herrera Univ. Granada Spain

Citing article 12 Zhang Tianjin Univ. China
Citing article 13 Burrell Isle Man  Int. Business School Isle of Man
Citing  article 14 Jacso Univ. Hawai USA
Citing article 15 Rousseau K.U. Leuven Belgium

Jin Chinese Acad. Science China

A3.  Probing h-core Citing article 5 Lin Guangxi Normal Univ. China
Citing article 16 Kuan, C. H. Natl. Taiwan Univ. Taiwan

Huang, M.  H. Natl. Taiwan Univ. Taiwan
Chen, D. Z. Natl. Taiwan Univ. Taiwan

Table 12
Layered source system: articles studying a given topic.

Articles Authors Universities Countries

Article 1 Author 1 University 1 Country 1
Author 2 University 1 Country 1

Article 2 Author 2 University 1 Country 1

Article 3 Author 1 University 1 Country 1
Author 3 University 2 Country 2

Author 4 University 2 Country 2
Author 5 University 3 Country 2

University 4 Country 3

The questions we ask here are: how many different articles are there in the source set? Written by how many different
authors? From how many different universities in how many different countries? Again we use a fractional approach.

If the source set consists of the articles written by the members of a department over a given publication window then
one may  ask: how many different articles are there? Published in how many different journals? Classified in how many
different JCR-categories?

9. Third case study
As a real case we consider articles discussing “diffusion factors” as a topic in the area of Information and Library Sciences
(see Tables 13–17).

Hence the LC row is (16, 12.17, 11.37, 8.42). Its Ge-value is 0.8772 and Gr = 0.7928 (MIN = 0.4079).
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Table 13
Articles on “diffusion factors”.

A1. Rowlands, I. (2002). Journal diffusion factor: A new approach to measuring research influence. Aslib Proceedings, 54(2), 77–84
A2.  Frandsen, T. F. (2004). Journal diffusion factors: A measure of diffusion? Aslib Proceedings, 56(1), 5–11
A3.  Egghe, L. (2005). Journal diffusion factors and their mathematical relations with the number of citations and with the impact factor. In ISSI

2005: Proceedings of the 10th international conference of the international society for scientometrics and informetrics, 109–120
A4. Rousseau, R. (2005). Robert Fairthorne and the empirical power laws. Journal of Documentation, 61,  194–202
A5.  Frandsen, T. F. (2005). Geographical concentration – The case of economics journals. Scientometrics, 63,  69–85
A6. Lewison, G., Rippon, I., & Wooding, S. (2005). Tracking knowledge diffusion through citations. Research Evaluation, 14,  5–14
A7.  Frandsen, T. F., Rousseau, R., & Rowlands, I. (2006). Diffusion factors. Journal of Documentation, 62(1), 58–72
A8. Sapa, R. (2007). International contribution to library and information science. Scientometrics, 71,  473–493
A9.  Haddow, G. (2008). Quality Australian journals in the humanities and social sciences. Australian Academic and Research Libraries, 39,  79–91
A10. Rummler, G. (2009). Characterizing the dissemination of “Bibliometrics” in Brazilian Biomedical Journals from 1992 to 2007. In ISSI 2009:

Proceedings of the 10th international conference of the international society for scientometrics and informetrics, 988–989
A11.  Jacso, P. (2009). Five-year impact factor data in the Journal Citation Reports. Online Information Review, 33,  603–614
A12. Haddow, G., & Genoni, P. (2009). Australian education journals: Quantitative and qualitative indicators. Australian Academic and Research

Libraries, 40,  88–104
A13. Liu, Yx., & Rousseau, R. (2010). Knowledge diffusion through publications and citations: A case study using ESI-fields as unit of diffusion.

Journal of the American Society for Information Science and Technology, 61(2), 340–351
A14. Haddow, G., & Genoni, P. (2010) Citation analysis and peer ranking of Australian social. Scientometrics,  85, 471–487
A15.  Sanni, S. A., & Zainab, A.N. (2011). Measuring the influence of a journal using impact and diffusion factors. Malaysian Journal of Library &

Information Science 16, 127–140
A16. Liu, Yx., Rafols, I., & Rousseau, R. (2012). A framework for knowledge integration and diffusion. Journal of Documentation, 68(1), 31–44

Table 14
The layered system of the diffusion articles.

A1 Rowlands, I. City Univ. London England 2002

A2  Frandsen, T. F. Royal Sch. Lib. & Informat. Sci. Denmark 2004

A3  Egghe, L. Limburgs Univ. Ctr. Belgium 2005

A4  Rousseau, R. KHBO Belgium 2005
Univ. Antwerp Belgium

A5  Frandsen, T. F. Royal Sch. Lib. & Informat. Sci. Denmark 2005

A6  Lewison, G. City Univ. London, England 2005
Rippon, I. City Univ. London England
Wooding, S. RAND Europe England

A7  Frandsen, T. F. Royal Sch. Lib. & Informat. Sci. Denmark 2006
Rousseau, R. KHBO Belgium
Rowlands, I. City Univ. London England

A8 Sapa, R. Jagiellonian Univ. Poland 2007

A9  Haddow, G. Curtin Univ. Lib. Australia 2008

A10 Rummler, G. Univ. Estadual Feira de Santana Brazil 2009

A11  Jacso, P. Univ. Hawaii USA 2009

A12  Haddow, G. Curtin Univ. Technol. Australia 2009
Genoni, P. Curtin Univ. Technol. Australia

A13 Liu, Yx. Tongji Univ. China 2010
Univ. Antwerp Belgium

Rousseau, R. KHBO Belgium
K.U. Leuven Belgium
Univ. Antwerp Belgium

A14 Haddow, G. Curtin Univ. Technol. Australia 2010
Genoni, P. Curtin Univ. Technol. Australia

A15 Sanni, S. A. Lekan Salami Complex, Ibadan Nigeria 2011
Zainab, A. N. Univ. Malaya Malaysia

A16 Liu, Yx. Tongji Univ. China 2012
Univ. Antwerp Belgium

Rafols, I. University of Sussex England
Georgia Institute of Technology USA

Rousseau, R. KHBO Belgium
K.U. Leuven Belgium
Univ. Antwerp Belgium
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Table 15
Calculation of the credits per author.

16 authors A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12 A13 A14 A15 A16 CSum

Egghe, L. 1 1
Frandsen, T. F. 1 1 0.34 1
Genoni, P. 0.5 0.5 1
Haddow, G. 1 0.5 0.5 1
Jacso,  P. 1 1
Lewison, G. 0.34 0.34
Liu,  Yx. 0.5 0.34 0.84
Rippon, I. 0.33 0.33
Rafols,  I. 0.33 0.33
Rousseau, R. 1 0.33 0.5 0.33 1
Rowlands, I. 1 0.33 1
Rummler, G. 1 1
Sanni,  S. A. 0.5 0.5
Sapa,  R. 1 1
Wooding, S. 0.33 0.33
Zainab, A. N. 0.5 0.5

Total  author units 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 12.17

Table 16
Calculation of the credits per institute.

16 institutes A1 A2 A3 A4 A5 A 6 A 7 A8 A9 A 10 A 11 A 12 A 13 A 14 A 15 A 16 CSum

City Univ. London 1 0.67 0.33 1
Curtin  Univ. Technol. 1 1 1 1
Georgia Institute of Technology 0.17 0.17
Jagiellonian Univ. 1 1
K.U.  Leuven 0.17 0.11 0.28
KHBO  0.5 0.33 0.17 0.11 1
Lekan  Salami Complex 0.5 0.5
Limburgs Univ. 1 1
RAND  Europe 0.33 0.33
Royal  Sch. Lib. & Informat. Sci. 1 1 0.34 1
Tongji  Univ. 0.25 0.17 0.42
Univ.  Antwerp 0.5 0.41 0.27 1
Univ.  Estadual 1 1
Univ.  Hawaii 1 1
Univ.  Malaya 0.5 0.5
University of Sussex 0.17 0.17

Total  university units 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11.37

Table 17
Calculation of the credits per countries.

10 countries A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12 A13 A14 A15 A16 CSum

Australia 1 1 1 1
Belgium 1 1 0.33 0.75 0.49 1
Brazil  1 1
China  0.25 0.17 0.42
Denmark 1 1 0.34 1
England 1 1 0.33 0.17 1
Malaysia 0.5 0.5
Nigeria 0.5  0.5
Poland  1 1

USA  1 0.17 1

Total  country units 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8.42

10. Discussion

We considered layered systems starting from a scientific article (or a group of articles) and its authorship and established
counting methods for their study. In this approach we  assume that scientific ideas are diffused via articles. In reality ideas are

also diffused through formal and informal talks, e-mails, blogs and other electronic media but we assume that, eventually
they all end up in scientific articles. The authors of these articles are from different institutes belonging to different countries.
In this way a layered system and indicators associated with it can show how a scientific idea is diffused geographically (i.e.
over the institutes or over the countries).
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Table 18
Gini indices as a function of time.

Ge Gmin Gr

2002 1 1 1
2003 1 1 1
2004 1 0.85 1
2005 0.8681 0.5833 0.6835
2006 0.8431 0.55 0.6513
2007 0.8696 0.5227 0.7268
2008 0.8885 0.5 0.7769
2009 0.8934 0.45 0.8062
2010 0.8727 0.4265 0.778
2011 0.8839 0.4167 0.801
2012 0.8772 0.4079 0.7928

f
F

m
o
s

T
C

Fig. 2. Temporal Gini indices.

In order to obtain information on trends and evolutions we  calculated the Gini evenness index and its relative Gini index
or each year. This is done for the third case study (about diffusion factors). If Gr = 0/0 it is set equal to one. See Table 18 and
ig. 2.

Fig. 2 shows an interesting evolution over time. Gr starts at a value of 1 as expected. However, in the end, as there are

uch more authors than institutes, and much more institutes than countries, one expects that a successful article (or group

f articles) will lead to a very concentrated (small evenness) situation. Relative recent or unsuccessful articles (like the ones
tudied) may  converge to an intermediate value.

able 19
ounterexample that an LC-row is not always decreasing.

Citing article Citing authors Citing institute

Article 1 Author 1 University 1
University 2
University 3
University 4

Author 2 University 5
University 6
University 7
University 8

Article 2 Author 1 University 1
University 2
University 3
University 4

Author 2 University 5
University 6
University 7
University 8

Article 3 Author 1 University 1
University 2
University 3
University 4

Author 2 University 5
University 6
University 7
University 8
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Table 20
Author table.

Authors Art. 1 Art. 2 Art. 3 Art. 4 Art. 5 Art. 6 Art. 7 Art. 8 Art. 9 Art. 10 Art. 11 Art. 12 Art. 13 Art. 14 Art. 15 Art. 16 Sum

Alonso 0.25 0.25 0.5
Cabrerizo 0.25 0.25 0.5
Herrera-Viedma 0.25 0.25 0.5
Herrera 0.25 0.25 0.5
Ye  0.5 1 1
Rousseau 0.5 0.5 0.5
Lin  1 1
Dorta-Gonzalez Pablo 0.5 0.5 0.5
Dorta-Gonzalez Maria-Isabel 0.5 0.5 0.5
Hirsch  1 1
Perc  1 1 1
Vieira  0.5 0.5
Gomes 0.5  0.5
Zhang  1 1
Burrell  1 1
Jacso  1 1
Jin  0.5 0.5
Kuan,  C. H. 0.333 0.333
Huang,  M.  H. 0.333 0.333
Chen,  D. Z. 0.333 0.333

Total  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 14.5
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Table 21
Tables of institutes.

Univ./institute Art. 1 Art. 2 Art. 3 Art. 4 Art. 5 Art. 6 Art. 7 Art. 8 Art. 9 Art. 10 Art. 11 Art. 12 Art. 13 Art. 14 Art. 15 Art. 16 Sum

Univ. Granada 1 1 1
Zhejiang Univ. 0.25 0.5 0.75
ISTIC,  Beijing 0.25 0.25
KHBO  0.25 0.25
K.U.  Leuven 0.25 0.5 0.75
iFQ,  Bonn 0.5 0.5
Guangxi Normal Univ. 1 1
Univ.  Las Palmas 0.5 0.5 1
Univ.  La Laguna 0.5 0.5 1
Univ.  Cal. San Diego 1 1
Univ. Maribor 1 1 1
Univ. Porto 1 1
Tianjin  Univ. 1 1
Isle Man Int. Business School 1 1
Univ.  Hawai 0.5 1
Chinese Acad. Science 1 0.5
Natl.  Taiwan Univ. 1

Total 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 14
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Table 22
Table of countries.

Countries/regions Art. 1 Art. 2 Art. 3 Art. 4 Art. 5 Art. 6 Art. 7 Art. 8 Art. 9 Art. 10 Art. 11 Art. 12 Art. 13 Art. 14 Art. 15 Art. 16 Sum

Spain 1 1 1 1 1
China  0.5 0.5 1 1 0.5 1
Belgium  0.5 0.5 1
Germany 0.5 0.5
USA  1 1 1
Portugal  1 1
Slovenia  1 1 1
Isle  of Man  1 1
Taiwan 1  1

Total  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8.5
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1. Conclusion

Starting from publications or citations, we introduced layered systems and studied the diffusion of scientific ideas flows
hrough such layered systems. Our contribution contains three main ideas:

a fractional counting system for the number of different items,
the fractional number of items of the same type, i.e. in the same layer, over which ideas have been diffused, is used as a
basic diffusion indicator,
inequality in the diffusion over the different layers of this system is characterized by an evenness value.

In this way we have constructed a coherent system to measure the extent to which scientific ideas are diffused.
Diffusion over layered systems begins with an evenness value of 1. We  conjecture that depending on the source set, the

ype of layers and the time period, this evenness value may  converge to a (small) steady state value, as articles may  receive
any more citations, than there are citing authors. These in turn may  be in much larger numbers than there are universities,
hich in turn are more numerous than the number of countries. This is especially true for topics considered over an ‘infinite’
ublication (or citation) window. For this reason one may  say that the evenness indicator studied here is an indicator for
ransient behavior.

We  finally like to point out that successful diffusion in a fixed group will lead to a high evenness value, as the notion
nder study will have reached each member of the group. However, when studying layered systems as we  did, successful
iffusion leads to a low evenness value.
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ppendix.

Counterexample that an LC-row derived from a hierarchical system is not always decreasing.
Consider source article A and its citing articles, citing authors and citing institutes as shown in Table 19.  Citing articles:

; citing authors: 2; citing universities: [(1/8) × 3] × 8 = 3, leading to the LC-row: (3, 2, 3).
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