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1) Introduction

SCIMAT (Science Mapping Analysis software Tool) is a new open source science
mapping software tool developed at University of Granada. It integrates the advantages
of the science mapping software tools available while reducing dependence on third
party software. It can be freely downloaded, modified and redistributed according to the
terms of GPLv3 license.

It is based on the science mapping analysis approach presented in Cobo et al. (2011)
which allows us to carry out science mapping studies under a longitudinal framework
(Garfield, 1994; Price & Gursey, 1975).

The main characteristics of SCIMAT are:

- It incorporates all modules necessary to carry out all the steps of the science mapping
workflow, which can be configured ad-hoc. It helps the analyst to carry out the
different steps of the science mapping workflow, from data acquisition and
preprocessing to the visualization and interpretation of the results.

- It incorporates methods to build the majority of the bibliometric networks, different
similarity measures to normalize them and build the maps using clustering
algorithms, and different visualization techniques useful for interpreting the output.

- It implements a wide range of preprocessing tools such as detecting duplicate and
misspelled items, time slicing, data reduction and network preprocessing.

- According to Cobo et al. (2011), SciMAT allows the analyst to perform a science
mapping analysis in a longitudinal framework in order to analyze and track the
conceptual, intellectual or social evolution of a research field through the course of
consecutive time periods.

- Similarly, according to Cobo et al. (2011), SciMAT builds science maps enriched
with bibliometric measures based on citations such as: h-index (Alonso et al., 2009;
Hirsch, 2005), g-index (Egghe, 2006), hg-index (Alonso et al., 2010), g*-index
(Cabrerizo et al., 2010), etc.

SCIMAT is divided into three different modules: i) a module dedicated to the
management of the knowledge base and its entities, ii)) a module responsible for
carrying out the science mapping analysis, and iii) a module to visualize the generated
results and maps. These modules allow the analyst to carry out the different steps of the
science mapping workflow.

In the following sections the structure of the knowledge base used by SciMAT is
described and each of its modules is shown.

2) Knowledge base

SCIMAT generates a knowledge base from a set of scientific documents, where the
relations of the different entities related with each document (authors, keywords,
journal, references, etc.) are stored. This structure helps the analyst to edit and
preprocess the knowledge base in order to improve the quality of the data and
consequently, obtain better results in the science mapping analysis.
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The knowledge base is composed of sixteen entities. The principal one is the Document
which represents a scientific document (usually, articles, letters, reviews or proceedings
papers). It contains information such as, the title, abstract, doi, citations, etc. The
Document has a variety of information associated with it, such as the authors,
affiliations, keywords, cited references, the journal (or conference), and the publication
year. Each one is considered an entity in the knowledge base.

The Author is the entity that represents the person who has been involved in the
development of a Document. An Author can be associated with a set of Documents, and
in a similar way, a Document has a set of Authors. Furthermore, an Author has an
associated position in his/her Documents.

The Affiliation represents the author's affiliations. Due to the fact that the authors may
work in different places (universities, institutes, etc.) during their research, an Author
has a set of associated Affiliations.

Usually, the scientific documents have a set of keywords associated with them.
Furthermore, depending on the bibliometric database used to retrieve the data, the
documents can contain descriptive words provided by the database. For example, the
ISIW0S adds a set of keywords called ISI Keywords PLUS to each document. In this
sense, the entity Word represents a descriptive term of a document. A set of Words can
appear in different Documents and each Document can have a set of Words. Each Word
can have different roles in the Documents in which it appears. In this way, a document
can have words provided by the authors (author's words), provided by the database
(source's words), or added in the preprocessing step (extracted words).

The entity Reference represents the intellectual base of a scientific document. Similarly
to the Word, a Document has a set of References associated with it, and each Reference
can be present in different Documents. The references can often be divided into small
pieces of information. Depending on the database used to retrieve the data, these pieces
may be different, but some information appears more often, such as the author, journal
and the year. For this reason, there are two entities related to the Reference: the Author-
Reference and the Source-Reference.

Other entities associated with a Document are the Journal and the Publish Date.
Logically, a Document can only have one Journal (or conference) and one Publish Date
associated with it, whereas both entities can have one set of Documents associated.
Moreover, these entities have an associated Subject Category which represents a global
category, often given by the bibliometric database, which classifies the journal in main
knowledge categories. The Journal can be associated with many Subject Categories, and
this relation can change throughout the years.

The entity Period represents a set of (not necessarily disjointed) years. Usually, a set of
Periods are defined to perform a longitudinal science mapping analysis.

We should point out that five of the above described entities can be used as a unit of
analysis in the science mapping analysis carried out by SciMAT: Author, Word,
Reference, Author of Reference and Source of Reference. These entities should be
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carefully preprocessed, paying special attention to the misspelling and de-duplicating
process. Usually, the de-duplicating process joins the similar items in only one way. For
example, two items stored in the knowledge base: Garfield, E. and Eugene Garfield.
Both items represent the same author, and therefore, they should be joined (joining its
association with the other entities). But, when two items are joined, only one of them is
kept in the knowledge base (obviously, this item contains the association of the second
item), and it is impossible to know the initial items joined. For this reason, our
knowledge base provides the concept of group for each unit of analysis. A group is a set
of items that represents the same entity. In this way, the knowledge base contains five
kinds of groups: Author Group, Author-Reference Group, Source-Reference Group,
Reference Group and finally Word Group. A group can be marked as stop group, and it
will not be taken into account in the science mapping analysis.

3) Knowledge base manager

The module to manage the knowledge base is responsible for building it, importing the
data from different bibliographical sources, and cleaning and fixing the possible errors
in the entities. It can be considered as a first stage in the preprocessing step.

The first step in this module is to build a new project or load an existing one. It can be
done through the menu File or using the buttons of the toolbar.

- i - . o S |

2. SGMAT 1.0 e

Edit Knowledge base Group set Analysis Help

P New project Ctrl+N

=1 Open project Ctrl+O
Close project

Add files »
Export 4
Import 4

Exit

If a new project is selected, a new window will appear asking for the path where the
knowledge base file will be stored and the name of the file. We can give any extension
for the file.



SciMAT uses the SQL.ite database engine in order to store the knowledge base built in
the previous step. Thanks to these capabilities, the knowledge base can be opened with
any database browser that reads SQL.te files.

Once we have a project loaded (new or existing), the options under the menus
Knowledge base and Group set will be enabled. Furthermore, the import, export and
add options under the menu File will be enabled too.

The add files option allows the user to add bibliographical information, exported from
bibliographical databases, to the knowledge base. Particularly, SCIMAT is able to read
bibliographical information exported in ISI Web of Knowledge format (ISI-CE) or RIS
(Scopus) format.

- - . . o [ |

J%. SciMAT 1.0

Edit Knowledge base Group set Analysis Help

New project  Ctrl+N

| Open project Ctrl+O

Close project

Add files ) @ In ISIWoS format
Export ) GJ In RIS format
|| Import 4

Exit

| |

&

Under the menu Knowledge base the manager for the sixteen entities can be found.
There is a manager for each entity. Thank to these managers, each entity can be edited
and its attributes and associations can be modified.



A, SGMAT 10 Ll = - \al [E=EEE
File Edit |Knowledge base| Group set Analysis Help
‘EI E Authors 4

Decuments 4

lournals 4

References [ References manager
Periods [ References groups manager

Publish dates Authors-reference manager

Subject categories Authors-reference groups manager
I Words [ Sources-reference manager

Sources-reference groups manager

L

We should point out that all the managers have the same structure, on the left-side a list
of entities is shown, and on the right-side the fields of the selected entity and its
relations with other entities are shown.

As an example the Document’s manager is shown below. In the list of documents (left-
side), one of the most cited articles in the knowledge base is selected, and on the right-
side its associated information (title, abstract, publication data, citations, etc.) and
associations are shown.

2 SCMAT 1.0 = | 5 el
File Edit Knowledge base Group set Analysis Help

L 1 N

Documents list Document detal

o e Document info -
4070|Fuzzy Programming Technique to Solve Multi-Objective Transpo...| - o = Type: [Tournal, Aride
4071|Fuzzy-Valued Markov Processes and Their Properties
3072|A Fuzzy Cmac Model for Color Reproduction Tite:  [Toward a Theory of Fuzzy Information Granuiation and Its Centrality in Human Reasoning and Fuzzy Logic
2073|principle of Information
074{A Note on Fuzzy Archimedean Ordering Issue: 2 Volume: |30 Begin page: |111-127 Begin page: |111-127
4075|50me Properties of Choguet Integrals of Set-Valued Functions Doi:
4076|Fuzzy Regular and Inverse Subsemigroups L
4077[The Cardinal Functions on LFuzzy Topological Spaces Abstact: it mecnodology are mathematical in nature. The point of departure in TFIG is «| |7
4075|Almost N-Compact Sets in L Fuzzy Topological Spaces the concept of a generalized constraint. L granule is characterized by a
4078 {Induced Fuzzy Supra-Topalogical Spaces generalized constraint which defines it. The principal tvpes of granules are:

80 Stabilty of Multiobjective Nip Problems With Fuzzy Parameters i.. possibilistic, veristic and probabilistic. The principal modes of
208 1|Rule Based Models of Functions R R o .
<052[A Quast Lnear Furey Measire of - Afrbaios generalization in TFIG are fuzzification (f-generalization); granulation
40835 yrthesis of Fuzzy Relations for Knowledge Based Systems Vsl {g-generalization); and fuzzy granulation (f.g-generalization), which is a
4084|A Quantum Mechanical Approach to & Fuzzy Theary combination of fuzzification and granulation. F.g-generalization underlies the | || —
3085|Fuzzy System Relizbility Analysis by the Use of T-Omega (e ... basic concepts of linguistic variable, fuzzy if-then rule and fuzzy graph. 3
4086|5-Curve Regression Model in Fuzzy Enviranment ! These concepts have long played a major role in the applications of fuzzy logic
3087|A Suffident and Necessary Condition for an Owa Bag Mapping ... and differentiate fuzzy logic from other methodelegies for dealing with o
4088|Some Properties of Minimal Solutions for a Fuzzy Relation Equat.
4089|Compactness in Fuzzy Convergence Spaces Citations: 520 4| Source identifier: |1SI
3090|A Class of Strong Forms of Fuzzy Complete Continiity
4091{0n Fuzzy Syntopogenous Structures and Preorder
4092|Notes on Riesz's Theorem on Fuzzy Measure Space Journalinfo
3093{0n Some Results of Analysis for Fuzzy Metric Spaces
4034 Toward a Theory of Fuzzy Information Granulation and Its Cen... Source: |Fuzzy Sets and Systems
4095(Fuzzy Sets and Probabiity
4096|Some Mathematical Aspects of Fuzzy Sets: Triangular Norms, F... ==
4D97Ehe Three Semantcs of Fuzzy Sets il Publish date info
tral and i ] teal: What Te fand. Ei

Fiter: [ Fiter ] teems: ca03 Vear: (1997 Date:
= Affiliation info

Set

The manager allows us to add a new Document (filling manually each attribute), delete
a set of Documents and join (move to button) a set of Document. Furthermore, the user
can use the filter box to introduce a regular expression and find the wanted entities.
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A Add document [

Issue: Volume: Begin page: Begin page:

Add Cancel

The move to or join capability allows us to join a set of entities under other. It is
especially useful when we are working with groups. Once we have selected the set of
entities that we want to join, a new dialog will appears. In this dialog, the user has to
select the entity under the remaining entities will be joined. The main or target entity
will maintain its associations with others entities and the associations of the joined
entities. As an example, the six selected documents below will be joined under the
document with 1D 4070. So, the target document will be associated with the words,
references, affiliations, etc of the remaining five documents.

«* Move to - &J‘

D Title
4070 Fuzzy Programming Technique to Solve Multi-Objective Transpart...

4071|Fuzzy-Valued Markov Processes and Their Properties

4072|A Fuzzy Cmac Model for Color Reproduction

4073|Principle of Information

4074|A Note on Fuzzy Archimedean Ordering

4075|Some Properties of Choquet Integrals of Set-Valued Functions

Filter: Filter | Items: &
Move Cancel

The right-side of the manager allows us to edit the field of the selected entity or its
associations with other entities.

SciMAT incorporate powerful capabilities to perform a de-duplicating step over the unit
of analysis by means of groups. To do that, there are five especial managers to perform
this task (they can be found under the menu Group set). Similarly to the entity manager,
the manual groups set manager have a common structure: the left-side shows a list of
defined groups, and the right-side shows the entities associated with the selected entity
(header-table) and the entities without groups (foot-table).

As an example, the manager to perform the manual set of the Words Groups is shown
below. It can be seen that a particular word group with the name GROUP-DECISION-
MAKING has been defined (left-side). It can also be observed that this word group
collects four different word names or variants (top right-side) for the concept. The lower
right-side allows the user to add more variants of the concept GROUP-DECISION-
MAKING.

The manual set group manager allows us to add a new group, delete a set of groups, join
a set of groups under other, and finally edit them. Furthermore, this manager allows us
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to add a set of entities to a selected group, or delete a set of entities from a group. This
can be done using the up-row and down-row from the middle of the right-panel.

A4 SAMAT 10 -— ' - - - — [P
File Edit Knowledge base Group set Analysis Help
| 1N
e v Words of the group
D Group name: . Stop group o Name
EEEQ‘GRAYRELATIONAL -ANALYSIS [false - 7426|GROUP-CONSENSUS-OPINION
ZSGIGRAT SCALE false 9213|GROUP-DECISION-ANALYSIS
5478 GRAY-SCALE-IMAGES (false 175|GROLP-DECISION-MAKING
3607 GREATEST-{LEAST)-INTERPRETATION false T540{EROUP DECTSION MAKING G0
i 5910 GRECO'S-REPRESENTATION -THEOREM false
11381GREEDY-ALGORITHM false
4206 GREEN'S-FUNCTION (false
7521|GREENHOUSE-TEMPERATURE-CONTROL (false
11654 GREEN-RELATIONS Ifalse Items: 4
7870|GREY-PREDICTOR (false
10216 GREY-RELATIONAL-SPACE (false Y +
7927 GREYSYSTEM false
11103|GRILL-OPERATORS false = Vards without group
2708 GRILLS false
I 5123 GRINDING [alse D Name
11452 GROTHENDIECK-TOPOLOGY (false HlALGORlTHM s
7285|GROUND-PENETRATING-RADAR Ifalse 17|FUZZ\’5YEFEM5 =
3445‘GROUND-VEHICLES (false 24/SYSTEMS L
3706|GROUNDWATER-FLOW false 29|FUZZY-SYSTEM-IDENTIFICATION
162 GROUP-DECISION-MAKING false. 33[DESIGN
5702|GROUP-FUZZY-CONGRUENCE false 38[MODELS
4233|GROLP-METHOD-OF-DATA-HANDLING false 39[FUZZY-SYSTEM-MODELS
3256 GROUP-OBJECTS false 5B[ALGORITHMS
10786 (GROUP-OF -FUZZY-NUMBERS (false EﬂlMODEL
571|GROUPOID Ifalse 93|FUZZY-SETS
9499 GROUP-OPERATIONS-WITH-FUZZY-NUMBERS (false 112[SETS
8323 GROUP-SEMIAUTOMATA (false 126(STABILITY
5763|GROUP-TECHNOLOGY false S HE il
L ID-THEAR ETIC -ARIAL O Il =
Filter: Fiter | Items: 12167 == Filter | Items: 93

The groups can also be added from a set of entities without group through the buttons
“to new group” and “to different group”. The former build a new group adding the
selected entities to it. The name of the group can be chosen from the entities or can be
given by the user. In the latter, each entity will be associated with a group and the
group’s name will be the main field of the entity.

— N
<~ Move to group —— — lﬁ
Group name: ALGORITHM
D Name
14 ALGORITHM
58 |ALGORITHMS
Filter: Ttems: 2

Additionally, this module incorporates methods to help the analyst in the de-duplicating
process, such as, finding similar items by plural or by Levenshtein distance, or
importing the groups and theirs associated items from a file (in XML format).

4) Science mapping analysis wizard

Once the knowledge base is ready for the science mapping analysis, this module helps
the user to configure the process, choosing the methods and algorithms that have to be
used by SCiMAT to build the maps.

This module is implemented through a wizard and it is composed of eleven consecutive
steps:

In the first step the user has to select the periods that he/she wants to analyze. Each
period will produce a map. These periods will be used in the longitudinal or temporal
analysis in order to study the structural evolution of the field. The position of the period
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will indicate the order in which the period will be used in the process. So, the period
with lowest position will be processed first and will be the first in the longitudinal
results.

gmweemm e
Setps Selecting the periods
e = =
ih £ P D MName Pasition v} Name Paosition
2. Selectunit of analysis boeriod 2000-2004 4 5|Subperiod 1973-1389 1
3. Data reduction 4|Subperiod 2005-2009 5 1|Subperiod 1990-1994 2|
4. Select kind of matrix 2/5ubperiod 1995-1999 3
5. MNetwork reduction
6. Mormalization
7. Clustering algorithm
8. Document mapper *
9. Quality measures
10, Longitudinal
11. Make analysis
Filter: Items: 2 Filter: Ttems: 3
Correct arguments!
< Back [ Mext > ] [ Cancel ]
l
L

The second step is the selection of the unit of analysis. As the unit of analysis the user
can select any of the five groups existing in the knowledge base: Author Group, Author-
Reference Group, Source-Reference Group, Reference Group, or Word Group. Only
one of them can be selected. If the Word Group has been selected, the role of the word
with which the user wants to perform the analysis has to be chosen. In this case, the user
has to select the author’s word, source’s word or extracted word, or indeed, any
combination of them.

Setps Selecting the units of analysis
1. Select periods @ Authors

2. Select unit of analysis @ Words

> Dats rE‘_jucth ) Author's words [¥] Source's words 7] Exir;
4. Select kind of matrix i

5. Metwork reduction RS

5. Mormalization () Authors-reference

7. Clustering algorithm () Sourcesreference

8. Document mapper

9. Quality measures

10, Longitudinal

11. Make analysis

Correct arguments!

[ < Back ” Mext > ] Finish [ Cancel ]

The third step is the data reduction. SCIMAT allows the data to be filtered using a
minimum frequency threshold. For each selected period, a threshold must also be
selected. That is, only the item that appears in almost n documents in a given period will
be taken into account.

-10 -



s T =]

Setps Selecting the data redecution methods
1. Select periods Subperiod 1978-1989 S
2. Select unit of analysis Data reduction
3. Data reduction Frequency reduction
4. Selectkind of matri - =
siectiind of matrix Minimun frequency: 3= T
5. Metwork reduction
L aizaton Subperiod 1990-1394
7. Clustering algorithm Data reduciion
8. Document mapper
5 Frequency reduction
9. Quality measures
10. Longitudinal Minimun frequency: 4=
11, Make analysis

Subperiod 1995-1933
Data reduction

Correct arguments!

[ <Back |[ Mext > ] Finish [ Cancel ]

The fourth step is the selection of the way in which the network will be built: co-
occurrence or coupling. Using co-occurrence, co-author, co-word, co-citation (using the
references), author co-citation (using the authors-reference), and journal co-citation
(using the sources-reference) network can be built. Otherwise, the coupling can be used
in a basic or aggregated way. In the former, a document coupling network can be built
using the selected unit of analysis as coupled items. That is, if the Reference has been
chosen, a document bibliographic coupling network will be built. In the latter, an author
or journal coupling network can be made, and again, the coupled item will be the
selected unit of analysis.

Setps Selecting the kind of matrix

1. Select periods @ Co-ocourrence
2. Selectunit of analysis ]
3. Data reduction

Select kind of matrix

(7) Basic coupling
() Aggregated coupling based on authors

Network reduction () Aggregated coupling based on journals

Mormalization

Clustering algorithm

Document mapper

I LAY

Quality measures
10, Longitudinal
11. Make analysis

Correct arguments!

[ < Back ]l Mext > Finish [ Cancel ]

The fifth step is the network reduction. SCIMAT allows the network to be filtered using
a minimum edge value threshold. For each selected period, a threshold value must be
set. That is, only the edges with a value greater or equal to n in a given period will be
taken into account.
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Setps Selecting the network reduction methods
1, Select periods Subperiod 1978-1989 S
2. Select unit of analysis Network reduction
3. Data reduction Edge value reduction
4. Select kind of matrix . - =
Minimun value: 25 3
5. MNetwork reduction
& Res Er] Subperiod 1990-1994
7. Clustering algorithm Network reduction
8. Document mapper
£ Edge value reduction
9. Quality measures
10. Longitudinal Minimun value: 3=
11, Make analysis
Subperiod 1995-1933
Network reduction il
Correct arguments!
[ <« Back ] [ Mext > ] Finish [ Cancel ]
E

The sixth step is the selection of the similarity measure used to normalize the network.
SciMAT allows the user to choose the similarity measures commonly used in the
literature to normalize networks: Association Strength, Equivalence Index, Inclusion
Index, Jaccard’s Index and Salton’s Cosine.

Setps Selecting the normalization measure

Select periods

() Assodation strength

Select unit of analysis
Data reduction
Select kind of matrix
Network reduction
MNormalization () Salton's cosine

Clustering algorithm

() Incussion index

() Jaccard's index

Document mapper

L R

Quality measures
. Longitudinal
. Make analysis

[
a1

Correct arguments!

[ < Back ]I Mext > ] Finish [ Cancel ]

The seventh step is the selection of the clustering algorithm used to get the map and its
associated clusters or subnetworks. Different clustering methods are available in
SCIMAT, such as, the Simple Centers Algorithm (Coulter et al., 1998; Cobo et al.,
2011), Single-linkage (Small & Sweeney, 1985) and variants such as Complete-linkage,
Average-linkage and Sum-linkage.

Setps Selecting a clustering algorithm
1. Select periods ~
) 3 (@) Simple centers algorithm

2, Selectunit of analysis B
3. Data reduction (7 Single link dustering algorithm
4, Select kind of matrix () Complete link dustering algorithm
5. Metwork reduction () Average link dustering algorithm
6. Mermalization () Sum link dustering algorithm
7. Clustering algorithm
8. Document mapper Maximum netwark size: 125
9. uality measures —

L Minimum network size: 3=
10. Longitudinal
11, Make analysis Cut off: 0

Correct arguments!
< Back ] I MNext > Finish Cancel
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The eighth step is the selection of the documents mapper used in the performance
analysis. SCIMAT incorporates five different document mappers for co-occurrence
networks: i) core mapper (Cobo et al., 2011), ii) intersection mapper which adds the
documents that have all the items of the cluster, iii) k-core mapper which adds the
documents that have at least k items in common with the cluster, iv) secondary mapper,
and v) union mapper which adds documents that have at least one item in common with
the cluster (this is the union of the documents associated with the core and secondary
mappers). For coupling networks, SCIMAT has two kinds of document mappers
depending on the kind of coupling used. That is, if a basic coupling has been selected
(each item of the cluster will be a document), the basic coupling document mapper is
the only one available, which adds the items of the cluster as documents. If an
aggregated coupling is selected, the aggregated coupling document mapper can be
selected, which adds the documents associated with its items to each cluster (author’s or
journal’s oeuvres). We should point out that each item or node of the cluster also has a
set of associated documents. These documents correspond to the set of items associated
with the item in the corresponding dataset.

Setps Selecting the document mappers

Select periods 7] Core mapper
Select unit of analysis

Data reduction
Select kind of matrix

Intersection mapper

K-core mapper

K 1

Metwork reduction

Mormalization

I NG IS RS

Clustering algorithm

Document mapper

9. Quality measures
10. Longitudinal
11, Make analysis I

Correct arguments!

| < Back || Mext > | Finish | Cancel |

The ninth step is the selection of the performance and quality bibliometric measures.
SCIMAT adds by default the number of documents as performance measure. Moreover,
the citations of a set of documents are used in order to assess the quality and impact of
the clusters. In this sense, basic measures such as the sum, minimum, maximum and
average citations, or complex measures such as the h-index (Alonso et al., 2009; Hirsch,
2005), g-index (Egghe, 2006), hg-index (Alonso et al., 2010) or g*index (Cabrerizo et
al., 2010) can be selected.
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Setps Selecting the quality measures
1. Select periods h-index
2. Select unit of analysis [ gindex
3. Data reduction
[[] a2-index
4. Select kind of matrix
5. Metwork reduction Bk adex
6. Normalization [] Average citations
7. Clustering algorithm 5
8. Document mapper [] Max ditations
9. Quality measures [ Min citations
10, Longitudinal
11, Make analysis
Correct arguments!
[ <« Back ] [ Mext > ] Finish [ Cancel ]
=

The tenth step is the selection of the similarity measure used to build the evolution map
and the overlapping map. SCIMAT allows us to choose between: Association Strength,
Equivalence Index, Inclusion Index, Jaccard’s Index and Salton’s Cosine.

Setps Selecting the measures for the longitudinal map
1. Select periods Evalution map Overlapping map

2. Selectunit of analysis (7) Assodiation strength (7) Assodation strength
SData et (7 Equivalence index ) Equivalence index

4, Select kind of matrix - -

5.  Network reduction © Tnchussion index

6. Normalzation (@ Jaccard's index 7 Jaccard's index

7. Clustering algorithm (7 Salton's cosine () Salton's cosine

8. Document mapper

9. Quality measures

10. Longitudinal
11, Make analysis

Correct arguments!

-

Finally, the eleventh step is responsible to perform the science mapping analysis. This
process can be cancelled at any time.

Setps Executing the analysis

Select periods Global progress:

Select unit of analysis
22%
Data reduction

Select kind of matrix

Netwark reduction
Normalization

Clustering algorithm

- BB T S

Document mapper
9. Quality measures
10, Longitudinal

11. Make analysis I

Correct arguments!

< Back Next > Finish

At the end, the analysis has to be saved (a new save window will be open when the
process end), and then the results are visualized in the visualization module.
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5) Visualization module

Once the science mapping analysis has been done, the results are visualized through this
module. Furthermore, we can load an analysis previously done (to do that it is not
necessary that a knowledge base is loaded).

The visualization module has two views: longitudinal view and period view.

In the Longitudinal view the overlapping map (top) and evolution map (down) are
shown. This view helps us to detect the evolution of the clusters throughout the different
periods, and to study the transient and new items of each period and the items shared by
two consecutive periods. The right-table allows us to choose the measure used to draw
the nodes in the evolution map.

4, SCMAT 1.0 - Analysis vie

File

Longitudinal view | Period view

Overlapping map

Evolution map

Performance measures

Mapper Property
a

Fiter: | | [ Fiter | trems: 6
~

| - =

_ QPROBABILISTIC-METRIC-SPACE

’
A=

Finally, the Period view shows detailed information for each period, its strategic
diagram, and for each cluster, the bibliometric measures, the network and their nodes.
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SCMAT 1.0

File
Longitudinal view| Period view |
Periods Custers Custer's properties
D Name Positon Cluster Cenrality Centraity range Density Density range Mapper Property Vaive
S[subperiod 1975-1983 PV 1PNy -CONTROL 72,0228 1,0000 42,8256 10000 - 153
1iSubperiod 1930-1994 | 2| [GROUP-DECISIONAM... [15.3552 (07500 126.6730 03500 7| |coreDocuments hindex )
2SUbperiod 1895-1999 [ 3| Fuzzy-conTROL 50,1435 0.9500 57121 0.3500 =| lcorebocuments sumCitations 1,541
3 TNORM 211863 0.5500 62216 0.4000 3
SYSTEM-IDENTIFICAT. .3 3564 0.6500 41723 0.1500 secondanyDocuments__index Zn
FUZZY NUVBERS 20211 0.4500 a.9868 0.2500 secondaryDocuments _sumGitatons 1,325
CLASSTFICATION 16,0068 0.5000 4.1523 0.1000
FUZZY-.0GIC 57793 0.5500 4.2187 0.2000
[oncerTATY 259322 0.9000 3.3%00 0.0500 i
Fiter: Items: 5 Filters Ttems: 20 Filters Items: &
Performance measures Strateqic dagram Clster's network
Mapper Property
coreDocuments documentsCount density H-IN
lcoreDoauments hindex GROUP-DEGIBRDN-MAKI
coreDocuments jsemCitations OUTPUT-FEER K{OWMW‘”‘B‘L‘“
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The visualization module is able to build a report in HTML or LaTeX format. The
images (strategic diagrams, overlapping items map, etc.) are exported in PNG and SVG
format, so the user can edit them. Furthermore, the cluster networks and evolution maps
are exported in Pajek format.
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