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Abstract. This paper describes the basic approaches for publishing
scienti�c-research outputs using modern ICT technologies and web appli-
cations such as institutional repositories, the NDLTD, and CRIS. Also, the
CRIS which has been developed at the University of Novi Sad is described.
That system uni�es the mentioned approaches and it is compatible with
all of them.
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1. Introduction

One of the basic postulates of knowledge society is the availability of knowl-
edge. Due to the development of ICT, it is evident that the process of learning
and research has been changed in recent years. Earlier, knowledge was available
to researchers usually in print form contrary to today when a lot of knowledge
can be found in digital form using various web applications [30, 39, 31]. By
2010, published scienti�c-research outputs in digital form along with associated
metadata are available via various web applications such as digital libraries, re-
search management systems, institutional repositories, information systems of
publishing activity (Springer, Emerald), etc. The exchange of metadata between
those systems is necessary in order to increase the availability of scienti�c con-
tent. The relation between research management systems, library information
systems and institutional repositories has been discussed recently [26]. The pa-
per [10] describes the NARCIS (National Academic Research and Collaborations
Research System) portal representing an access point to all scienti�c research in-
formation in the Netherlands. That system is an integration of the Netherlands
research management system and DARENET (Digital Academic Repositories
in the Netherlands). Collaboration between the system SICRIS (Slovenian re-
search management system) and system COBISS.SI (Slovenian library system)
is described in the paper [45]. Furthermore, the paper [38] describes the col-
laboration between the research management system and the digital library at
Pretoria University. Also, there are similar collaborations between a research
management system and a digital library at Glasgow University, Southampton
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University and Kingston University. Imperial College Digital Repository is a
digital repository of the scienti�c-research outputs of Imperial College London.
That system is described in [1]. The CRIS UNS system represents a unique
digital repository of published results of researchers from the University of Novi
Sad. That system is compatible with institutional repositories, members of
the NDLTD (Networked Digital Library of Thesis and Dissertations) [36] and
research management systems based on the CERIF data model.

The rest of the paper is structured as follows. Firstly, basic approaches for
publishing scienti�c-research outputs using modern ICT technologies and web
applications (institutional repositories, the NDLTD and research management
systems) are described. After that, the CRIS UNS system is described and its
main features are listed. The last section concludes the paper and outlines some
directions for further investigations.

2. Institutional repositories

An institutional repository is a software system for collecting, storing and
retrieving digital contents which represent outputs of researchers employed in
a scienti�c institution. Those outputs can be papers published in the journal,
papers presented at a scienti�c conference, master theses, PhD dissertations, etc.
The existence of a scienti�c result in digital form in an institutional repository
increases the availability of that result. Besides the ability of downloading digital
archives, most of those systems enable downloading metadata about them in the
Dublin Core format according to the OAI-PMH protocol. Today, there are many
software systems that represent institutional repositories.

The EPrints [15] is the most popular institutional repository software plat-
form. EPrints open source software is developed at the School of Electronics
and Computer Science, University of Southampton, United Kingdom. It is a
�exible system for building high quality repositories. It is recognized as the
fastest and easiest way to set up repositories of research outputs. The main
features of this system are:

• Archive Documents, Multimedia and Data

• Multi-Language Support

• OAI Compliant (Dublin Core format)

Research outputs can be grouped by Years, Subjects, Authors and Divisions.
Figure 1 shows a web page of the demonstration repository which is created
using EPrints software. The web page shows the research outputs that exist in
the repository and that are published in 2005.

A separate web page shows details of selected output along with the URL
which enables downloading of the digital archive.

Today, there are 269 known repositories with 519,952 records created using
the EPrints software platform.
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Figure 1: EPrints

3. NDLTD

The NDLTD (Networked Digital Library of Thesis and Dissertations) [36] is
an international organization whose aim is to create a worldwide network of the-
ses and dissertations in digital form. This organization promotes open-access
to scienti�c knowledge which exists in theses and dissertations of researchers
from all over the world. The network has one central node and hundreds of
peripheral nodes that contain theses and dissertations of institutions that are
members of the network. The server of the central node periodically download
the metadata about theses and dissertations located in the network peripheral
nodes. The metadata are title, author, other basic data and URL for download-
ing of the thesis or dissertation in digital form from the peripheral node. The
download of metadata is realized according to the OAI-PMH protocol [37] and
metadata are structured according to the EDT-MS format (an Interoperability
Metadata Standard for Electronic Theses and Dissertations) [14]. In this way,
the NDLDT Union Catalog is created and can be searched via certain web ap-
plications such as Scirus ETD Search [43], VTLS Visualizer [48], etc. Authors
whose institutions are not member of the network can submit their theses and
dissertations through a web application of the network central node.

Figure 2 shows the web page for query creation using the web application
Scirus ETD Search. A separate web page shows results that match the executed
query.

Currently, the NDLTD contains over a million theses and dissertations in
digital form. Hundreds of scienti�c institutions are members of the network.
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Figure 2: Scirus ETD Search

4. Research Management Systems

Scienti�c institutions are major source of veri�ed knowledge. That knowl-
edge has di�erent forms and research institutions make it available in two ba-
sic ways, by publishing results in scienti�c journals and scienti�c conference
proceedings and by monitoring their own results within their internal research
management systems and institutional repositories. This section presents stan-
dards relevant for research management systems and some well-known research
management systems.

Research management systems are responsible for processing data about sci-
enti�c research projects, organizations, researchers, research outputs, the nec-
essary equipment for research and other relevant data for scienti�c research ac-
tivities. The European Union encourages the development of national research
management systems in accordance with the CERIF standard (the Common

European Research Information Format) [7] because the European Union wants
to achieve maximum competitiveness of Europe at all levels of research activ-
ity. CERIF-compliant research management systems are called CRIS (Current
Research Information System).

CERIF data model consists of six entities' groups:
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• Core entities,

• Result entities,

• 2nd level entities,

• Link entities,

• Semantic layer entities and

• Multilingual entities.

Entities Project, Person and Organization are the CERIF Core entities. Entities
ResultPublication, ResultaPatent and ResultProduct belong to the CERIF Re-

sult entities and contain metadata about scienti�c-research outputs. The group
2nd level entities consists of the entities dedicated for storage of relevant data for
scienti�c-research activities, which do not belong to groups Result entitites and
Core entities. There are the following entities: cfCite, cfCountry, cfCurrency,
cfCV, cfEAddr, cfEquip, cfEvent, cfExpSkills, cfFacil, cfFundProg, cfLang, cf-

Metrics, cfPAddr, cfPrize, cfQual, cfSrv. Those entities are linked with CERIF
Core and Result entities through Link entities. Link entities have references to
the two linked entities, time period in which relation between entities applied
(attributes startDate and endDate), as well as the classi�cation of relationship.
The CERIF data model has a semantic layer which enables classi�cation of
entities and relations between entities according to some classi�cation scheme.
Example of classi�cation of the relations between the Person entity and Result-

Publication entity: author of the publication, editor of the publication, lecturer.
Example of classi�cation of ResultPublication entity: thesis, dissertation, paper
published in the journal, monograph. The CERIF data model provides stor-
age for certain data, such as title, abstract, keywords, research area in multiple
languages. These data are stored using Multilingual entities group.

Because of the local and national speci�c requirements, CRIS systems are
developed on di�erent modi�cations of the CERIF data model.

Papers [2] and [25] describe a data model extension that was created in
order to satisfy requirements of a research management system developed at
the University of Bergen in Norway. Furthermore, the paper [2] describe a data
model extension that was created in order to satisfy requirements of research
management system that was developed on �Science and Technology Facilities
Council�. Moreover, a data model extension that was created in order to satisfy
requirements of the Information Society Technologies (IST) World portal is
described in the papers [17, 27, 28, 29]. The papers [24] and [25] describe an
extension that uses the formalised Dublin Core metadata [13] for description
of scienti�c research outputs. Furthermore, the paper [21] describes a CERIF-
compatible data model based on the MARC 21 format [32]. In that model,
a part of the CERIF data model relating to published results is mapped to
the MARC 21 data model. MARC 21 is a standard that de�nes format of
bibliographic data.
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By 2010, there have been many CRIS systems: IST World [20], Frida [18],
Pure [40], HunCRIS [19], SICRIS [44], CRIS UNS [8].

IST World (Information Society Technology World) is a portal that provides
access to scienti�c-research outputs from several countries. This site was de-
veloped within a FP6 (Sixth Framework Programme) project. The data model
created for the purpose of this system is an extension of CERIF data model.
Frida is an information system used by researchers at the University of Oslo in
Norway. Pure is commercial software that can be installed and customized for
the needs of scienti�c institutions. That software system is used by many uni-
versities such as the University of Helsinki and the University of Copenhagen.
HunCRIS is Hungarian national research management system. That system is
based on the CERIF data model. SICRIS (Slovenian Current Research Infor-

mation System) is Slovenian national CRIS system. The SICRIS information
system is being developed and maintained by the Institute of Information Sci-
ence in Maribor and the SRA (the Slovenian Research Agency).

5. CRIS UNS

The CRIS UNS has been developing at the University of Novi Sad in the
Republic of Serbia since 2008. The main feature of the CRIS UNS is the com-
patibility with institutional repositories, members of the NDLTD and CERIF-
complaint CRIS systems. The development of the CRIS UNS system used the
experience gained in developing the library information system BISIS [5]. The
BISIS system has been developed since 1993 at the University of Novi Sad in
the Republic of Serbia. The current version 4 is based on the XML technol-
ogy. Within that version, an XML editor for cataloguing in the UNIMARC
and MARC 21 format [11, 12] that uses the component for generating catalogue
cards [41] and text server [34] is developed. The paper [6] describes an XML
editor for retrieving bibliographic records in accordance with Z39.50 standard,
the papers [46] and [33] describe a library circulation system, and the paper
[47] deals with distributed library catalogues in BISIS. The subject matter of
the paper [42] is the application of XML for conversion of bibliographic records
into MARC 21 format. The conversion is implemented using XSLT technology.
The papers [3] and [4] describe a model and an implementation of a system
for entering data about published scienti�c-research outputs in the UNIMARC
format.

The �rst phase was related to the development of a system for entering meta-
data about published scienti�c-research outputs in the form: papers published
in journals, papers published in conferences proceedings, monographs, papers
published in the monographs. The system is developed on CERIF-compatible
data model based on the MARC 21 format, which is described in the paper [23].
The implementation of the system is the topic of papers [21] and [35]. The sys-
tem is implemented as web application that enables authors to input metadata
about their own research outputs without the knowledge of the CERIF standard
and the MARC 21 format. Research outputs from the system are available to
anonymous user via Internet. This system, in addition to international require-
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ments prescribed by CERIF standard meets the requirements prescribed by the
Ministry of Science and Technological Development of the Republic of Serbia
in the domain of scienti�c results evaluation. Therefore, the data model of the
system is extended with the necessary entities. This extension is described in
the paper [22]. The main feature of the system architecture is the independence
of the components for interaction with system users and for persisting and re-
trieving data from the bibliographic records database. This architecture allows
an easy transition to other bibliographic standards and easy integration with
library systems based on the adopted bibliographic standard. The system is ver-
i�ed and tested on data about published results of researchers employed at the
Department of Mathematics and Informatics, Faculty of Sciences, University of
Novi Sad.

The following text describes a part of the CRIS UNS system related to
entering data about papers published in journals. First of all, the author has
to choose the journal in which the paper is published. If the journal is not yet
registered in the system, the author can input the basic metadata about the
journal. After choosing the journal, the system shows a list of all papers from
that journal authored by the current user (see Figure 3)

Figure 3: The display of the existing papers in a journal

The user can change the paper metadata ( ). Clicking the button
opens the form for adding a paper. Firstly, the user inputs the following meta-
data: paper title, subtitle, keywords, abstract, note, URI, start page, end page,
journal publication volume, number, and year. Next, the user inputs the paper
authors. If an author is not yet registered in the system, the logged-in user can
input the basic metadata about that author (�rst name, last name, a�liation).
After entering those metadata the system will check whether authors with sim-
ilar metadata exist in the database. If authors with similar metadata exist, the
form with a list of those authors is displayed (see Figure 4).

After specifying paper authors, the user saves paper metadata in the database.
During the process of entering metadata about the paper, a preview of the paper
reference is always displayed, enabling an easy control of the data entered.

The other parts of the implemented system, related to entering data about
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Figure 4: The list of authors with similar data

paper published in the conference proceedings, monographs and papers pub-
lished in monographs are similar to the part of the system presented in the
previous text.

The published results catalogued this way can be used for:

• evaluation of publications according to various criteria,

• generating various reports,

• downloading of bibliographic records formatted according to various stan-
dards.

The next phase of the development of the CRIS UNS includes the integration
of the institutional repository of theses and dissertations DIGLIB UNS [9] in
the CRIS UNS, and implementation of subsystems within the CRIS UNS that
enables input of theses and dissertations in digital form as well as their associated
metadata. The de�ned set of metadata includes all metadata speci�ed by the
CERIF data model, all metadata necessary for the metadata exchange in the
Dublin Core and the EST-MS format in accordance with the OAI-PMH protocol
and all metadata speci�ed by the Regulations of the University of Novi Sad,
which prescribes key words documentation for theses and dissertations. In this
way, the CRIS UNS will be able to exchange metadata about scienti�c-research
outputs with CERIF-compliant systems, exchange metadata with institutional
repositories in the Dublin Core format according to OAI-PMH protocol and
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become a member of the NDLTD that requires metadata exchanging in EDT -
MS format according to the OAI-PMH protocol.

Other parts of the system relating to projects, institutions, researchers,
equipment, prizes and other entities of the CERIF data model will be the subject
of further investigations.

6. Conclusions

By 2010, a lot of published scienti�c-research outputs in digital form along
with associated metadata have been available via various web systems such as
institutional repositories, NDLTD and CRIS systems. The aim of the devel-
opment of these systems is to increase the availability of published scienti�c-
research outputs. Various protocols for exchanging metadata between those
systems have been developed in recent years. These protocols enable the in-
teroperability of these systems. Also, the integration of various web systems
that contain scienti�c-research outputs has been done in the recent years. This
paper describes the CRIS UNS that has been developed at the University of
Novi Sad since 2008. The system is interoperable with other CRIS systems and
can be integrated with digital repository of the published outputs which can
exchange metadata with institutional repositories and members of the NDLTD
in accordance with the OAI-PMH protocol.

The future expansions of the CRIS UNS will be in accordance with the
recommendations of euroCRIS organization [16].
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