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Abstract. For researchers in modern conditions of development and the total ap-
plication of information and communication technologies, there is an issue of
choosing effective tools for research purposes. A huge amount of the existing
software lacks classifications of the software and information systems to consider
research task classes. The project implemented by the authors aimed to develop
an approach to research the evolution of the thematic and terminological appa-
ratus of interdisciplinary scientific fields. The following methods: search, extrac-
tion, clarification, explication, analysis, and presentation of contextual
knowledgewith software and information systems were considered and applied.
The specifics of the research limits software and information systems to the tasks
of contextual scientific knowledge processing. The main types of software and
information systems used for these purposes were analyzed, and their main func-
tional characteristics were identified. Based on the typology of contexts and the
groups of characteristics identified, an approach is proposed to develop a catalog
of software and information systems analysis of contextual knowledge with the
functions of allocation, classification, and explication of scientific content. To
provide information about software and information systems in the catalog a
Dublin Core metadata model is proposed. This model allows not only to describe
and structure the main characteristics of software and information systems, but also
to present the catalog in a machine-readable form to add new records, efficiently
search the necessary software and information systems subject to the research tasks,
and integrate it into the scientific information network based on open science princi-
ples. A palliative solution for testing the correctness of Dublin Core metadata presen-
tation and metadata exchange via the OAI-PMH Protocol is presented.

Keywords: Software, Classification, Catalog, Contextual Knowledge,
Dublin Core, OAI-PMH.

Introduction

The variety of software, application environments, and web-oriented services for vari-
ous purposes makes it difficult for modern researchers to choose tools that can be ef-
fectively used in scientific research. They have to focus on the existing approaches
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to software classification. Both general approaches that distinguish the common soft-
ware classes and special approaches that focus on a more detailed description of soft-
ware subclasses for various applications have been developed. The most common clas-
sifications include, for example, the Classifier of programs for computers and databases
used by government agencies in Russia [24]. One of the general approaches to classify
the Business intelligence (BI) class software is the annually updated analytical report
"Infrastructure and Applications Worldwide Software Market Definitions" by Gartner
[12], which reflects the general approach of Gartner to assess the software market de-
velopment [32]. This approach is followed by the International Data Corporation (IDC),
one of the world's largest consulting companies, a leading provider of information and
consulting services, and an organizer of events in the information technology, telecom-
munications, and consumer technology markets [2]. The Computing Classification Sys-
tem (developed by the Association for Computing Machinery, the latest version was
introduced in 2012) can also be used to classify software and information systems. The
system is presented as a single source of categories and concepts that reflect the current
state of the fields related to computational engineering, computer science, and infor-
mation and communication technologies [5]. Other approaches to classification, which
have historically been formed from the logic of computer technology and software de-
velopment, are also widespread [15, 16, 22].

The analysis of approaches to software classification makes it possible to identify the
problem of choosing a specific tool with which researchers, as users of software products,
can solve research and analytical tasks. This problem arises from the fact that software de-
velopers try to integrate the maximum set of functionalities into their systems and thus en-
sure that a whole range of tasks is performed. Unfortunately, the results obtained are often
not equivalent. A specific computer application has its own "specialization”, that is, a min-
imal set of functionalities that ensures the performance of a narrower range of tasks, but
most optimally and successfully. There are usually many analogs, their choice by a re-
searcher is based on compliance with certain initial requirements to the system (for example,
a particular language support or implementation of certain methods in the software). There
are information systems that were not designed by the developers to process scientific in-
formation or analyze information for scientific purposes. Although, if there is an introduc-
tory, explanatory information or a developed method, they can be efficient for scientific
purposes. Even with detailed information about a specific computer program or an infor-
mation system, it is not always possible to categorize it with the existing classifications.
Therefore, both classification and identification of specific functionality can be made or re-
fined only in the process of software application to solve specific research tasks. The pres-
ence of analogs initiates creation of software catalogs focused on solving a certain class of
research tasks based on the classification developed.

1 Approach to software search and selection

As part of the ongoing project to develop an approach (synthetic method) to In the
ongoing project framework,the principle of the synthetic method independence
from the specific tools was chosen as the main one.



34 Information Systems for Science and Education

The research specifics led to the development of a typology of contextual knowledge
of textual modality, which must be considered when choosing an appropriate software
for processing contexts of certain types (corpus, fragment, paragraph, sentence, term-
concept, thesaurus, meta-description, semantic group, thematic collection). The topol-
ogy allows software application for multi-level structural analysis that increases the
research task effectiveness. Focusing on the methods used in the study (search, extrac-
tion, explication, analysis, and representation of contextual knowledge), the general
classifications revealed a lack in clear division into classes for these methods as en-
larged functions. It is also not possible to determine the types of contexts being pro-
cessed using these classifications.

For example, Gartner identifies the following market segments:

— Data Warehouse;

— On-Line Analytical Processing, OLAP;

— Enterprise Information Systems, EIS and Decision Support Systems, DSS;
— Data Mining;

— Query and Reporting Tools.

In the Computing Classification System, the following subclasses correspond to the
systems considered:

— Specialized information retrieval — Structure and multilingual text search;
— Document management and text processing — Document capture — Document
searching; Document analysis.

In the Russian Classifier, the following subclasses of software application can be
associated to the programs under consideration:

— Search engines — software systems that search for text, graphics, and other in-
formation in local, corporate, and other repositories, including consulting and
information systems for searching and viewing information in specialized multi-
industry databases;

— Linguistic software — parsers and semantic analyzers/systems for natural language
text analysis with the selection of syntactic sentence structures or semantic relations
between text elements and general text meaning;

— Systems for data sets collection, storage, processing, analyzing, modeling and visu-
alizing — business analysis systems (BI)/programs focused on big unstructured data
processing to facilitate their interpretation, including tools for data extraction and
transformation (ETL), subject-oriented information databases (EDW), tools for real-
time analytical processing (OLAP), data mining, generating reports, graphs, charts
and other visual forms, decision support (DSS).

To search and identify a software with the functions of extracting, classifying, and
explicating scientific content to support scientific research, both open network sources
and scientific publications with similar software were used. The analysis of the identi-
fied systems showed that the vast majority are used as text linguistic analysis tools
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in linguistics [13, 33], sociology [31], cybersecurity [21], as well as in interdisciplinary
fields [4, 10, 18].

Some linguistic software catalogs are presented in the Internet [1, 14, 18, 22, 28, 29,
30]. This software can be used for research purposes.

Catalog analysis allows to identify common areas of software used for the tasks
listed above:

— Text Mining;

— Text Analytics/Analysis;

— Information Retrieval/Extraction;
— Text Comparison;

— Topic Clustering/Modelling;

— Text Visualization.

Such catalogs do not have classifiers that consider their main functional purpose and
the types of contexts being processed. Therefore, they do not perform the tasks of se-
lecting effective tools for research. It was decided to reject the use of other software
classifications widely presented in the network, including those based on the signs
"scope of application" and "system functionality”, for the same reasons. Such classifi-
cations are intended for the business community, operate with business concepts, focus
on the range of business tasks of an enterprise, organization, or market analysis.

In this regard, the purpose of this study is to develop a structured description of a
software using the main characteristics: software class, main functions, and types of the
processed contexts. Based on a structured description, the software catalog develop-
ment is performed, which allows researchers to solve the problem of effective software
selection to meet the research aims and objectives. The creation of the catalog solves
the researcher’s pragmatic task to make an informed choice of a required software set.

2 Development of a catalog of a software with functions and
services for extracting and analyzing contextual knowledge
for scientific research

2.1  Defining the main software classes

When forming the structure of a software description for the developed catalog, the
general classification was chosen based on the this software applicability for the anal-
ysis of contextual knowledge with the functions of extracting, classifying, and expli-
cating scientific content to support scientific research.

The target group of catalog users includes scientists and teachers specializing in in-
terdisciplinary research and working with various sources of information and big data.
The following specific task classes for the interdisciplinary studies were set:

— Neural Network;
— Machine Learning;
— Natural Language Processing;
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— Information Extraction;

— Ontology;

— Forecasting Systems;

— Creation and Use of Thesauri;

— Topic Clustering/Modelling;

— Full-text Databases;

— Abstract Databases (metadata only).

These classes of tasks in the catalog correspond to the "type of software" characteristic.
The latter two types are characterized only by full-text and abstract databases that have
their engines for searching, selecting, and analyzing information.

The integrated types of software do not always reflect the diversity of their functional
capabilities. Therefore, for a more complete understanding of their capabilities and ra-
tional choice for specific research purposes, the main functions of the software are
grouped separately. The following main functions of the software are distinguished:

— Classification;

— Forecasting;

— Contextual analysis;

— Selection of data according to various criteria (Smart search);
— Automated data/metadata exchange;

— Visualization.

This is a set of basic functions. However, when a specific software application is in-
cluded in the catalog, its analysis may reveal other specific functions. Therefore, the
classification of the functions is extensible.

The proposed classification does not consider some important classes of tasks, such
as "scientific communication" and "issues of science management and research coordi-
nation”, as they go beyond research tasks.

2.2 Atypology of contexts for software features

The choice of specific software for research purposes is related to its ability to process
certain types of contexts. Within the framework of this research, the concept of context
is understood as an independent conceptual unit of the thesauri, used as a basis for
classifying scientific texts, as well as for visualizing hierarchical and associative rela-
tions between terms. The explication and analysis of contextual knowledge resulted in
a typology of contextual knowledge developed in this project [17].

This classification can be further specified for the study of more specific subject areas.
The correlation of the software with the types of the processed contexts also allows research-
ers to choose a software more rationally. Therefore, when classifying a software, it is pro-
posed to use the type of the processed contexts as an essential characteristic.

Based on the types of stored, extracted, and processed (analyzed) contexts and their
specification, the software for the catalog can be divided into the following enlarged
categories:
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— An information search system that processes a large number of unstructured texts
and multimedia information, with limitations in the user dialogue with the system,
as well as limited graphematic analysis and low reliability of link detection (YYandex,
Google);

— Information systems that represent text databases, digital online archives of scien-
tific publications and abstract databases of multidisciplinary areas, that significantly
differ in the content analysis functionality (eLibrary, T-Libra, Science Direct, Sco-
pus and WoS);

— Information and analytical systems that have various degrees of completeness of fact
detection and self-learning, levels of semantic hierarchy and automatic logical anal-
ysis of factual information. These systems also process a large volume of unformal-
ized texts and multimedia information, (Mallet, AskNet, Voyant-Tools, Tropes,
Sketch Engine, CLAVIRE, RCO (Russian Context Optimizer));

— Multifunctional mixed-type information systems that have the advantages and dis-
advantages of the information systems described above: the ability to process a large
volume of unformalized texts and multimedia information, reliability of identifying
links, a wide range of document formats. These systems have limitations in auto-
matic semantic analysis of various levels, which is a software developer task
(ABBYY Intelligent Tagger SDK, ABBYY Smart Classifier SDK; Title: PROMT
Analyser).

These enlarged categories are used in the catalog to group software.

2.3 Machine-readable view of the catalog

The description of the software for contextual knowledge processing was analyzed.
This leads to the conclusion that such catalogues are mostly static lists or tables, where
the software is either grouped by a certain attribute (for example, freely distributed or
commercial; belonging to enlarged functional categories) or presented in an unstruc-
tured form with a brief description of features and links to relevant sites on the Internet.
This presentation of information makes it difficult to quickly search for and effectively
select the software necessary for conducting research, considering the main features,
functionality, types, and formats of the processed contexts.

For a structured representation of information about the software, it is suggested to
use its description, as well as the descriptions of the documents, via the metadata rep-
resentation. For example, Gonzalez and van der Meer considered standard metadata
representation formats (Dublin Core, EAD, ISAD (G) and MARC) and suggested the
Extended Dublin Core for Software Components (XDC-SC) of the Dublin Core
scheme, which allows extracting information about a software using standard search
engine tools or XML tools [11]. They also suggested that this approach may encourage
the creation of environments to present information about a software. Other researchers
suggest not to focus on one standard, but develop a Semantic Master Metadata Catalog
(SMMC) to ensure interaction between the existing metadata models (such as Dublin
Core, UNIMARC, MARC21, RDF/RDA, and BIBFRAME) based on the ontology
mapping model [20]. Here, an approach to developing a Semantic enhanced Metadata
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Software Ecosystem (SMESE) is proposed. This ecosystem is designed to support spe-
cific distributed content management applications. However, the implementation of
such a solution is a complex task that can only be solved at a large consortium level.

Based on the generally accepted approaches for software description, it is proposed
to use the Dublin Core meta-data representation specification in the catalog. The main
characteristics of the presented software are described by the corresponding elements
of the main metadata set (Dublin Core Metadata Element Set, DCMES) [6]. In this
approach, the combination of element values sufficiently describes the software pre-
sented in the catalog, in accordance with the general approach of this specification ap-
plication to describe various entities [9, 23, 27]. The proposed approach also makes it
possible to present the catalog in a machine-readable form in the network information
systems with free access for both researchers and automated search and identification
by search engines. In this case, the users can search for various metadata elements:
classes, software functions, or types of the processed contexts.

Usually, this approach mainly describes various text objects: articles, books, library
catalog cards, archive materials, and semantic models [27]. When developing a
metadata representation scheme for software description, its specifics is not considered,
which is important when choosing a software (for example, the types of contextual
knowledge being processed) [3, 11]. Therefore, in connection with the specifics of the
software description, in addition to the main metadata elements, qualifiers were used to
refine the characteristics, which make the second level of metadata and refine the ele-
ments [7, 20].

Also, the most suitable software platform was selected to present the catalog in a
machine-readable form. When choosing, the following basic principles were consid-
ered:

— availability — open source or non-commercial software;
— popularity — the most well-known and widespread solution;
— flexibility — ability to adjust the metadata description to the task of catalog creation.

Among the systems considered, the most popular at present is DSpace software plat-
form (https://duraspace.org/dspace/). According to the most authoritative aggregator
ROAR [26], of the 4,725 open access repositories registered, 1,965 use DSpace. The
second place takes EPrints (679). DSpace meets all the above criteria, so this platform
was chosen for this study. After reviewing the documentation for metadata presentation
in DSpace by the Dublin Core specification [8], and considering the specifics of quali-
fiers application, the following set of metadata is proposed for each catalog record:

dc.title — software title ;

dc.creator — developer;

dc.subject.classification — main functions (can be added after analyzing
the corresponding software);

dc.subject.other — type of context to process;

dc.description.abstract — software description ;

dc.publisher — vendor (copyright holder);
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dc.contributor — contributor (people or organizations who also participated in

the software development );
dc.date.issued —last release date (year);
dc. type — categories (software classes according to the developed classification);
dc. format.mimetype — formats of the processed files;
dc.identifier.uri — identifier (link on the Internet to the developer's site);
dc.source.uri — source (link to the web application);

dc.language — languages of documents to be processed,;

dc.relation.isreferencedby — relations (list of publications on the soft-

ware);

dc.coverage — supported operating systems;
dc.rights.license — license type.

Based on the proposed approach, more than 50 software items were described. A
visual representation of a catalog record by the Dublin Core specification is shown in

Figure 1.
dc.title Voyant-Tools
dc.creator Stéfan Sinclair, McGill University; Geoffrey Rockwell, Univer-

sity of Alberta

dc.subject.classifi-
cation

processing of individual documents; processing by a collection of
documents (text corpora); classification; analysis of Internet
pages; frequency analysis; context analysis; trend contextualiza-
tion (building trends); data analysis visualization

dc.subject.other

term; paragraph; document; document collection

dc.description

Web-based system for downloading and analyzing digital texts,
studying the frequency and distribution of terms in documents,
and in a collection of documents (corpora). It is a set of different
functional modules. There is a local solution in the form of an ap-
plication on JETTY

dc.publisher

Voyant-Tools

dc.contributor

Andrew MacDonald; Cyril Briquet; Lisa Goddard; Mark Turcato

dc.date.issued

2018

dc.type

natural language processing

dc.format.mimetype

txt; rtf; doc; docx; pdf; zip; html; xml

dc.identifier.uri

https://voyant-tools.org

dc.source.uri

http://voyeurtools.org/voyant-server/

dc.language

Multilanguage

dc.coverage

Web-based application (Web interface), Mac, Windows, JETTY
server, Voyant server

dc.rights Freeware software
dc.relation. Laurie J. Sampsel (2018) Voyant Tools, Music Reference Ser-
isreferencedby vices Quarterly, 21:3, 153-157,

DOI: 10.1080/10588167.2018.1496754;

Sinclair, Stéfan; Rockwell, Geoffrey (2016). "Voyant Facts". Her-
meneutica: Computer-Assisted Interpretation in the Humanities.
Stéfan Sinclair & Geoffrey Rockwell. Retrieved 2016-12-20;
Using Voyant for Text Analysis: http://voyeurtools.org/using-
voyant-for-text-analysis/;
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Rambsy, Kenton (2016). Text-Mining Short Fiction by Zora
Neale Hurston and Richard Wright. Using Voyant Tools // CLA
Journal. Ne 59 (3): 251-258;

Priestley Alexis. Voyant Tools: A Tutorial for Text Analysis:
https://medium.com/@priestleyal/voyant-tools-a-tutorial-for-text-
analysis-df265d85d214;

dc.coverage Multisystem

dc.rights.license Creative Commons Attribution 4.0 International (CC BY 4.0)

Fig. 1. Description of Voyant-Tools by Dublin Core specification

2.4 The implementation and use of the catalog

Despite the choice of the DSpace software platform for machine implementation, this
system installation and configuration is not a trivial task, which did not allow to imple-
ment this solution immediately. In this regard, a free and open-source software Open
Journal Systems (OJS, https://pkp.sfu.ca/ojs/) was chosen as a palliative solution for
initial testing. This system is a full-cycle publishing platform to publish electronic jour-
nals. This solution has already been applied to the machine-readable representation of
the thesaurus in the framework of the ongoing project. The OJS is easier to install and
configure and works on most virtual hosts. This system has all the functionality re-
quired: it supports Dublin Core metadata format, allows to search for metadata, pro-
vides open access to information, and acts as a provider for OAI-PMH protocol. For
experimental purposes in the installed 0Js system
(http://ojs.iculture.spb.ru/index.php/thesauri), the descriptions of several software units
from the selected ones were entered. The Open Harvester Systems (OHS,
https://pkp.sfu.ca/ohs/) installation was used to control the correctness of metadata dis-
play and verify the operation of OAI-PMH Protocol., which is an OAI-PMH metadata
aggregator. The proposed approach to present the software catalog in the machine-read-
able form also allows to export metadata to other presentation formats for integration
in various information systems and metadata aggregators. Using the OAI-PMH
metadata exchange protocol makes it possible to integrate the catalog into the infor-
mation space of scientific research. The researchers can not only search the catalog but
also create their information systems and aggregate information from the catalog. A
platform like DSpace also allows to use it as an aggregator and collect information
about the software application presented in the catalog from various resources using
OAI-PMH protocol. For example, these may be scientific publications that consider
particular software for specific scientific purposes.

The implementation of such a distributed information environment allows the users
to present not only software descriptions but also information about its application in
one information space. This provides the researchers with methodological support for
a more rational choice and tools efficiency for their scientific purposes.
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Conclusion

The research has shown that there is no common approach to classifying the software
designed for analyzing contextual knowledge with the functions of highlighting, clas-
sifying, and explicating scientific content, considering the types of the processed con-
texts. It was also found that there are no developments in the representation of software
catalogs in machine-readable form based on metadata format and considering the spe-
cifics of software for contextual knowledge analysis.

The developed approach to present a catalog of a software designed for contextual
knowledge analysis with the functions for highlighting, classifying, and explicating sci-
entific content based on Dublin Core provides:

— integration of the developed context typology into the catalog, which is an essential
characteristic and the basis for choosing a software for conducting specific research;

— creation of a machine-readable catalog with standard freeware software (for exam-
ple, OJS, DSpace);

— efficient search and selection of a specific software for research purposes by the main
characteristics described in Dublin Core tags, using standard search engines;

— open access to catalog records for both users and automated indexing;

— automated exchange over OAI-PMH protocol for aggregation of catalog meta de-
scriptions in other information systems.

The proposed palliative solution (OJS) is expected to be replaced in the future with an
information system based on the freeware DSpace. In parallel, the work will continue
filling the catalog with software descriptions that can be used for contextual knowledge
analysis with the functions for extracting, classifying, and explicating scientific content.
Scientific publications describing the research results using the software presented in
the catalog will also be selected.

There is a great potential to further catalog application in the framework of teaching
activities: masters of "Digital smart city technologies" educational program, majoring
in "Applied Informatics™ will use it to select the technological tools for their research
projects. The catalog is one of the components of the educational and methodological
complex "Technologies of data extraction and mining in scientific research", aimed at
forming research and analytical competencies of undergraduate students. The course
"Information technologies in science™ will be modified based on the developed educa-
tional and methodological complex.
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