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Abstract

Information is now at reach for everybody everywhere on the internet. But originally 
the library was the centre of information. It has a tradition in the development of 
formats  for  description  of  publications  and  related  materials.  MARC  is  the 
bibliographic standard in the library even nowadays.   Classification systems and 
thesauri helps to structure information. ISSN and ISBN are early systems of unique 
identification.

The internet saw an exponential growth of information. New metadata schema’s and 
ontologies have been developed with Dublin Core as the most notorious format. On 
the Internet scientific information is expanding exponentially, with publications and 
other forms of information. A main feature of the internet is the capacity of linking. 
Therefore information has to be described as objects that are uniquely identified and 
can be interpreted by machines. While most of the internet metadata is still based 
on text, the philosophy of Linked Data is changing this approach.

The  VLIR-UOS  Network  Cuba  project  is  building  an  information  network  where 
information  objects  can  be  integrated  and  reused.  It  links  library  systems  with 
learning  environments,  repositories  and  research  information  platforms.  It  is 
developing  connections  between  different  types  of  information:  people, 
organizations, projects, courses and publications. Central in this approach are the 
authority tools, vocabularies, thesauri and ontologies. The development on eSFàcil, a 
submission  module  for  DSpace,  is  an  example  of  the  implementation  of 
interoperability in an information network. The article finishes with the problem of 
unique identification of people over the different platforms and possible solutions.
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Information: from text to related objects 

Information is now at reach for everybody everywhere on the internet. But originally 
the library was the centre of information. Libraries have a century long tradition of 
describing publications and other library objects. This knowledge about metadata, 
authority  systems  and  vocabularies  is  still  relevant  in  the  time  of  electronic 
information, even if it is going through a period of transition.

In the 1960s MARC  (Library of  Congress,  n.d.) became the first  computer based 
standard for bibliographic data supported by the  Library of Congress. Originally it 
was developed to print out catalogue cards. The MARC format evolved and got new 
implementations like MARC 21, UNIMARC, MARCXML. Nowadays it is a standard in 
libraries, but it is clearly an outdated technology that does not take in account much 
of the evolutions in computer science like for example the relation model.(Thomale, 
2010)

Fig. 1.  Example of MARC 21 record for a book

The library community is clearly aware of the problems of the MARC format. Less 
complex  metadata  format  were  developed  like  the  XML-based  MODS,  made 
available in 2002.  (Guenther, 2003).  BIBFRAME is the latest evolution in metadata 
formats related to MARC following the linked data principles.

LDR  *****nam##22*****#a#4500
001  <control number>
003  <control number identifier>
005  19920331092212.7
007  ta
008  
820305 s1991#### nyu#### ###### #001#0# eng##
020 ## $a0845348116 :$c$29.95 (£19.50 U.K.)
020 ## $a0845348205 (pbk.)
040 ## $a<organization code>$c<organization code>
050 14 $aPN1992.8.S4$bT47 1991
082 04 $a791.45/75/0973$219
100 1# $aTerrace, Vincent,$d1948-
245 10 $aFifty years of television :$ba guide to series and pilots, 1937-1988 /$cVincent Terrace.
246 1# $a50 years of television
260 ## $aNew York :$bCornwall Books,$cc1991.
300 ## $a864 p. ;$c24 cm.
500 ## $aIncludes index.
650 #0 $aTelevision pilot programs$zUnited States$vCatalogs.
650 #0 $aTelevision serials$zUnited States$vCatalogs.



Fig. 2.  Example of MODS record for a book

Classification  systems  are  used  to  classify  nonfictional  publications  into  subject 
categories.  The  subject  is  indicated  by  a  three-digit  numeral  and  further 
specification is given by numerals following a decimal point. Classification systems 
like  LCC (Library of Congress, n.d.), UDC (UDC Consortium - About UDC, n.d.) and 
DDC  (Dewey Services, n.d.) are also used as a way to place the books in the library. 

One of the limitations of a classification is its hierarchical structure. Thesauri are 
more  adapted to the linking world. As a reference work of terms, which can be 
global like the Library of Congress Subject Headings  (Library of Congress, n.d.) or 
more  specific  like  MESH  (Medicine  and  life  science)  (NIH,  n.d.),  AGROVOC 
(Agriculture) (FAO of the United Nations, n.d.) and ASFA (Aquatic science) (FAO of the 
United Nations, n.d.), they  show concepts and their relations.



Fig. 3. ASFA Thesaurus. Terms with their relationships

The interest in thesauri and vocabularies is again growing because its similarity with 
the linking principles of the internet.

Another aspect of description is the problem of unique identification.  ISBN and ISSN 
were developed in the past, respectively for books and journals, for commercial and 
distribution reasons. The Journal of  Algebra has for example the ISSN number of 
0021-8693.

In classic bibliographic formats metadata is mostly text based. It has the classical 
ambiguity problems. Names on publications can have different versions as well as 
misspellings. In the catalogue of the library of Antwerp University the name Karl 
Marx is written as follow: Marx  Marx, K.  Marx, Karl and even Marx, Carl. People with 
the  same  name  cannot  be  identified.  For  concepts  we  have  similar  problem 
(homonyns  and  synonyms)  besides  translation  issues  as  shown  in  the  ASFA 
example.

Many  indicators  show  an  exponential  growth  of  information  on  the  internet. 
(Hobbes’ Internet Timeline - the definitive ARPAnet & Internet history, n.d.). 
This is as well the case of scientific information.



Fig. 4. The exponential growth of web sites between 1990 and 2016.

For example in the Open Access world, the collection harvested by the Base Search 
Engine has grown from 679.311 documents in September 2004 to 111.400.979 in 
May 2017. (BASE - Bielefeld Academic Search Engine | Statistics, 2017)

Still, the metadata behind the scientific databases and search engines is still mostly 
text based. Repository software like DSpace and Eprints manage mostly text as can 
be seen in the example of Apollo, the Cambridge University repository.

Fig. 5. Example Record from Apollo, Cambridge University Repository. 



The  most  common  metadata  format  on  the  internet  is  Dublin  Core  (1995)  and 
DCTerms  (DCMI Metadata Basics) It  has  a  core  set  of  15 elements  for  simple 
resource  description:  Title,  Creator,  Subject,  Description,  Publisher,  Contributor, 
Date,  Type,  Format,  Identifier,  Source,  Language,  Relation,  Coverage,  Rights. 
Through application profiles DC can be enriched with other specialized vocabularies. 

An  example  of  such  an  application  profiles  is  RIOXX.  This  application  profile  is 
developed to support research management standards in the UK. It includes extra 
attributes like an ORCID identifer for authors.

Fig.  6.   RIOXX  Metadata  Application  Profile  (RIOXX,  2017):  extension  of  the 
contributor element with an ORCID attribute.

Other very common services of scientific databases are the possibility to download 
metadata in reference manager formats like RIS, BibTex or Endnote. 

But on the internet scientific information does not limit itself to publications. Current 
Research  Information  Systems  collect  information  about  organizations,  people, 
projects. Learning systems are growing. There are specific scientific platforms like 
ResearchGate, Mendeley, Zotero. The availability of data sets is growing.

Fig. 7. The basic entities of VIVO and their relations

<rioxxterms:contributor id="http://orcid.org/0000-0002-1395-3092">
    Lawson, Gerald
</rioxxterms:contributor>



VIVO is an open source research Information software for description of the research 
of an organization: institutes and departments, people, projects, publications, …

It follows the principles of linked data. All concepts (people, organizations, projects, 
publications) are uniquely identified by URIs. All concepts are defined by and in their 
relations using an RDF model. (Valeria Pesce, 2014)

Figshare is an example of a data repository in the cloud. By encouraging publishing 
of figures, charts, data, rather than being limited to the traditional entire 'paper', 
knowledge can be shared more quickly and effectively. (figshare - About, 2017)

The internet is moving from a network that links pages to a network that links data: 
Web of  Data.  The term denotes the evolution of  the Web into an  ecosystem of 
interconnected  data  and  information  contributed  by  individuals,  governments, 
businesses and machines (e.g. sensors). The real value of the Web of Data lies in the 
relationships between the data. These relationships (referred to as links) put data in 
context and enrich their meaning and expressiveness. This means that putting the 
data online is not enough. Publishers need to ensure that data is made available in 
both  human-  and  machine-understandable  formats  and  is  linked  to  other  data. 
(Understanding Linked Data by example, n.d.)

To  describe  data  on  the  internet  new  ontologies  are  created.  For  example 
schema.org is a collaborative, community activity with a mission to create, maintain, 
and promote schemas for structured data on the Internet, on web pages, in email 
messages,  and beyond. Its  core vocabulary currently consists of  589 types (e.g. 
creative  work,  book,  movie,  event,  place,  person),  860  Properties,  and  114 
enumeration values.(Home – schema.org, 2017).

Fig. 8. bibo: Article description - example

Bibo,  the  Bibliographic  Ontology  Specification  provides  main  concepts  and 
properties for describing citations and bibliographic references (i.e. quotes, books, 

<info:doi/10.1134/S0003683806040089> a bibo:Article ;
    dc:title "Effect of argillaceous minerals on the growth of phosphate-mobilizing bacteria 

Bacillus subtilis"@en ;
    dc:date "2006-01-01" ;
    dc:isPartOf <urn:issn:23346587> ;
    bibo:volume "42" ;
    bibo:issue "4" ;
    bibo:pageStart "388" ;
    bibo:pageEnd "391" ;
    dc:creator <http://examples.net/contributors/2> ;
    dc:creator <http://examples.net/contributors/1> ;
    bibo:authorList ( <http://examples.net/contributors/2> 

<http://examples.net/contributors/1>) .

<urn:issn:23346587> a bibo:Journal ;
    dc:title "Applied Biochemistry and Microbiology"@en ;
    bibo:shortTitle "App Biochem and Biol"@en .



articles, etc) on the Semantic Web. (Bibliographic Ontology Specification, 2017) In a 
semantic web environment information objects are identified by unique identifiers, 
URIs as we can see in the bibo example. 

The first use of URIs for scientific information on the internet was with DOIs (digital 
object identifier) mostly used for publications and dataset. DOIs are a solution for 
the unstability of urls on the internet. (The DOI System, 2017) 

ORCID (Open Researcher &Contributor ID) is an international, interdisciplinary, open 
and  not-for-profit  organization  created  to  solve  the  researcher  name  ambiguity 
problem for the benefit of all stakeholders, including research institutions, funding 
organizations,  publishers,  and researchers themselves.  (Open Access Academy, 
n.d.)

Fig. 9. The ORCID page of an author with his linked publications

The  tools  to  identify  subjects  of  information  are  for  librarians  thesauri  and 
vocabularies.  In  the  semantic  world  they  get  a  new  life.  For  example  FAO  has 
implemented AGROVOC as a linked data tool where every concept receives a URI 
and is described in RDF. (FAO of the United Nations, n.d.)



Fig. 10. An AGROVOC term as an URI.

The  internet  has  the  capacity  to  create  relations  between information  (objects). 
Using unique identifiers makes information machine-readable. URI’s are the most 
logical  solution  in  the  context  of  the  internet.  Authority  systems  are  a  way  of 
standardizing the description of the content. It helps with deduplication of names, 
subjects, etc. But objects can be defined in different authority systems. Persons are 
identified with  ORCID, LinkedInID, Institution ID and much more. 

Cuban Context: Interoperability in the VLIR-UOS Network Cuba

The VLIR-UOS programme ‘NETWORK University Cooperation: Strengthening of the 
ICT role in Cuban Universities for the development of the society’ is a 6+6 year 
program focusing on strengthening of the role of ICT in Cuban Universities for the 
development of the society.

The development of the VLIR-UOS ‘Network Cuba’ is conducted by five universities 
(Camaguey, Holguin, Pinar del Rio, UCI and UCLV) in close cooperation with the VLIR-
UOS project of the University of Oriente and the Ministry of Higher Education of Cuba 
and other local stakeholders. The ELINF project in the network is creating a virtual 
research and educational environment in Cuba.

 



The final  goal  is  to  create a  network where the  actors  in  Cuban education  and 
research can:

• find the virtual services for their tasks in education and research,
• access the necessary information for their research,
• communicate and work together, 
• exchange publications, data and other forms of scientific information

in an environment which support open science.

The project has chosen to use only open source software solutions. It started with 
specific platforms for educational, library and information management and research 
output, resp.  Moodle, ABCD, DSpace and VIVO.

To  realize  the  integrated  research  and  educational  network  the  different 
environments (Learning, Information and Research) have to be further developed in 
a way that they can interconnect and that contents can be reused. This means the 
implementation of common standards  (Subirats et al.,  2012, pp. 161–162) in the 
different tools and the implementation and development of extra tools.

Fig. 11. Interoperability between the different platforms of the ELINF Network

The different  platforms are using different metadata formats,  MARC21 for  ABCD, 
Dublin Core Qualified or DCTerms for DSpace and LOM for Moodle. These are mostly 
traditional text-based formats which have their limitations. But in the context of the 



project it is not relevant to impose on the different platforms the use of a single 
metadata standard. 

Therefore  the  project  has  to  work  out  a  minimal  consensus  of  what  can  be 
standardized over the different metadata formats. The minimal elements that should 
be approached in a standard way are the ones that define persons, organizations 
and  content.  The  next  step  is  to  define  every  content  uniquely  using  unique 
identifiers.  These concepts have to be managed through authority systems.  The 
issue of unique ID for persons will be discussed further on. The author focuses first 
on the issue of descriptors and keywords.

To describe content thesauri  and vocabularies  are  the most standardized.  In  the 
frame of  the  project,  the following  vocabularies  are  relevant:  CCS for  Computer 
Science, MESH for Medicine and life Science and AGROVOC for agriculture. Most of 
these vocabularies are available as SKOS, some are linked data compatible. Some 
are accessible through the internet and through specific web services. But there is 
no standard approach. To make them usable it is necessary to ‘normalize’ the access 
to the different vocabularies through a standard interface: EsFàcil Authority. 

EsFàcil Authority is a semantic based solution, a triple store of existing vocabularies, 
that  is  queried through Sparql  or through web services.   It  will  contain different 
vocabularies, CCS, Agrovoc and MESH . Local vocabularies can be added as well as 
simple authority (e.g. journal lists, …) and  other non-structured lists. That way all 
authority information can be accessed through one service. The National Library of 
Finland has developed SkosMos (Suominen, O. et al., 2015), a similar tool  focused 
on SKOS formatted vocabularies.

Use of Authority Systems in DSpace: eSFàcil,  a submission module with 
automatic metadata extraction and authority control

To make the separate tools ‘network ready’  they have to integrate the authority 
system functionalities in many ways. The Moodle, ABCD and DSpace software needs 
further  customization. The  project  is  currently  developing  a  specific  submission 
module,  eSFàcil,  for  DSpace  that  will  support  the  interoperability  goals  of  the 
network. 

eSFàcil is conceived as an independent module that will ingest records and files in 
repositories and information systems, in the first place in Dspace 7. It will use 
postgres as a database. The JSONB format will be used to store the metadata of the 
records. Other data resources are DarkAIV, a tool for metadata extraction and 
enrichment and eSFàcil Authority for authority control. Both tools will be accessed as 
web services. Other tools could be attached as well. Angular 2 is chosen as the 
interface software. 



Fig. 12. Workflow of the eSFàcil submission module

The basic idea of eSFàcil is to create a workflow where authors can submit their 
publication. The module will extract metadata from the document. This is in the first 
place text information. The quality of the metadata will be controlled by information 
specialists  and  enriched  using  the  tools  of  eSFàcil  Authority.  Specifically  the 
translation of text to identifiers will prepare the metadata to be machine-readable.

Fig. 13. eSFàcil: From text to information objects

Development of a unique ID policy – the different options.

Organization, researcher and author databases defines people. Every individual has 
been  identified  in  different  systems  starting  with  the  national  ID  card.  Every 
researcher  has  been  registered  by  universities,  funding  agencies,  societies, 
publishers, repositories, social media and other systems. 



Fig.  14.  Persistent,  Global  Identity  for  Scientists  via  ORCID  (Evrard,  Erdmann, 
Holmquist, Damon, & Dietrich, 2015)

The main problem is that all these identification systems are not related to each 
other.  How  can  a  global  identification  system  be  build  up?  Via  a  bottom-up 
decentralized or a top-down centralized approach?

A bottom-up decentralized approach

Universities  and  research  institutes  have  or  are  developing  research  information 
systems. Mostly they use internal  identifiers for every person.  CRIS Systems like 
VIVO, which is a linked open data based, creates a URI for every object. This way 
every researcher in VIVO has a URI. If research information systems uses accepted 
standards while creating their ID, it would enhance the usability of these identifiers.



Fig.  15.  Creating  a  Data  Interchange  Standard  for  Researchers,  Research,  and 
Research Resources: VIVO-ISF (Krafft & Lowe, 2013)

But  researchers  does  not  stay  at  one  university.  Sometimes  they  are  active  in 
different universities at the same time. This way researchers have more than one 
URI. The nice part of Linked Data is that it is based on relations and that relation 
between the different identifications of a person can be made explicit. The question 
is who will maintain these relations and who will be able to do that?

A top-down centralized approach

Central  identification  systems  for  researchers  and  scientific  authors  are  now 
implemented. Web of Science has its ResearcherID, Elsevier its ScopusID, but the 
most important development is since its creation in 2010 ORCID.

The core mission of ORCID is to provide a registry of persistent unique identifiers for 
researchers and scholars.  ORCID is  an open initiative where the ORCID identifier 
needs  to  be  integrated  into  research  workflows  and  linked  to  information  on 
research activities  such  as  publications,  grants,  patents,  and datasets.  From the 
start,  the CrossRef and ORCID systems have been envisioned as complementary 
infrastructures  for  uniquely  identifying  researchers  and  enabling  researchers  to 
connect with their publications. (Haak, Fenner, Paglione, Pentz, & Ratner, 2012) 



ORCID has been rapidly accepted by the community. The main scientific publishers 
are partners in the organization. Publishers request the ORCID ID from authors when 
submitting  articles.  Funding  organizations  in  Europe  and  the  US  request  it  too. 
Universities and consortia of  universities take licenses with ORCID to provide for 
every researcher a persistent identifier.  For example, in 2016 an agreement was 
signed between the Flemish universities and ORCID.

But ORCID will need a management of duplications. Even when the records of ORCID 
will automatically populates itself with the papers published, grants received, codes 
authored, etc.,  it will needs to be controlled and confirmed by the authors.

Most researchers already expose their professional profiles through personal web 
pages  and/or  existing  commercial  services  offered  by  the  likes  of  linkedin.com, 
researchgate.com,  mendeley.com,  and  academia.edu.  How  does  the  orcid.org 
registry relate to these other profile solutions?

In that way, it is important to recognize that ORCID augments rather than replaces 
the balkanized set of researcher identities. Individual institutions such as universities 
and national laboratories will continue to maintain identity and access management 
services based on local identities. But, as Keith Hazelton points out, ORCID iDs could 
be  used  as  an  identifier  to  “cross-walk"  among  appropriately  federated  campus 
systems. (Evrard et al., 2015)

While registration by a single author is free, institutional licenses have a cost. Will 
the Cuban universities be able to fund such a license?

For any identifier system (for researchers but also in general) to be effective, it must 
be  relevant  on  different  levels  of  the  research  workflow  and  management: 
publication submission, dataset deposition, research grant and contract applications, 
faculty and staff profiles and evaluation, patent applications, etc.  At university level 
it will be used to create relations between research information, management and 
evaluation systems, publication and data repositories, educational systems. In the 
VLIR-UOS network it  will  bring these tools  on a higher  level  only if  the network 
adopts  standards  in  the  development  of  the  identification  system that  supports 
reusability of the local data in a broader context. 

While ORCID has become in a short period the authority system for researcher ID on 
international  level,  alternative  authority  systems  have  their  reasons  to  be 
developed. For example, simply because of the license cost of ORCID for (groups of) 
institutions. 

The place to manage the researcher ID will be the Researcher Information System; 
VIVO, SIGENU or others. The project has now three main choices: a decentralized 
VIVO-like solution (still  VIVO can include other IDs like ORCID), a Cuban authority 
system or ORCID as standard international system. It is possible of course to have 
mixed solutions too. Finally a unique identification system is not a goal by itself. it 
should only make the interoperability of data stocked in different silo more easily 
achieved.  



Conclusions.

The knowledge in libraries about information management is still  relevant in the 
internet  world.  Management  of  bibliographic  data,  metadata  formats,  use  of 
authority systems, thesauri and vocabularies will make access to information more 
easy and better structured. But these tools are evolving. Content is growing and also 
the  type  of  information  is  changing.  But  mainly  the  internet  is  moving  from  a 
network that links pages to a network that links data: Web of Data. The real value of 
the Web of  Data  lies  in  the  relationships  between the data.  These  relationships 
(referred  to  as  links)  put  data  in  context  and  enrich  their  meaning  and 
expressiveness.  

Unique identification of data is essential to make it machine-readable. Systems for 
identifying people, organizations and content are essential in the scientific internet 
world.  DOIs,  handles,  and ORCIDs are  used to identify publications and persons. 
Thesauri like AGROVOC are made linked data compatible.

The VLIR-UOS Network Cuba is developing an information network for research and 
education  developing  integrating  different  platforms  for  libraries,  education  and 
research.  To  integrate  the   different  platforms  standards  have  to  be  developed. 
Following the ideas of the web of data, the network will identify data elements in a 
standard way over the different platforms: people, organizations and content will 
get standardized unique identifiers.  To support  the standards a central  authority 
system is developed: eSFàcil Authority. The use of this approach is now integrated in 
the different platforms used: Moodle, ABCD, DSpace, VIVO. For DSpace a specific 
submission module, eSFàcil, is in development that uses metadata autoextraction 
tools and the authority system of eSFàcil Authority to move the standard repository 
metadata from text to uniquely identified objects.

Finally,  researchers  and  scientific  authors  have  to  be  identified  uniquely  in  a 
network. The network has different options, but finally has too choose between a 
decentralized or a centralized approach, having the option to use tools like VIVO or 
other local research system or the option of a centralized directory like ORCID or a 
specific Cuban identifier register;
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