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Summary 
This report provides an overview of the current status of enhanced publications in 
publishing and repository environments. We define an enhanced publication as a 
publication that is enhanced with three categories of information: (1) research data 
(evidence of the research), (2) extra materials (to illustrate or clarify), or (3) post-
publication data (commentaries, ranking). We have found that even though publishers and 
repositories have the building blocks and tools available, they generally do not use them to 
create an enhanced publication for all three categories. Instead, (1) publishers offer only 
one or two of these categories with their publications; (2) publishers publish extra materials 
(such as movies) separately from the publication, without even a link between these 
related objects; (3) the option to add post-publication data is rarely supported by 
publishers; in contrast, (4) many repositories offer the options of linking publication and 
research data, adding commentaries, rankings, trackbacks, etc. Only one publisher, PLoS, 
provides all three enhancement services for their publications. The need for enhanced 
publications that are embedded in the publisher or repository environment is urgent, as the 
number of digital scholarly objects on the internet (such as multimedia materials, data sets, 
and blogs) is growing enormously. Without such an environment, it is difficult to discover 
whether related objects (such as movies, images, data sets and commentaries) are 
available.  

In order to make it easy for researchers to trace publications and related objects (research 
data, extra materials or post-publication data), an appropriate infrastructure should be 
developed. We review models that can reflect and support relations between objects in the 
world of scholarly publishing; relations that seem obvious, but that at present are often not 
shown or not supported. An enhanced publication model should support and reflect the 
relations between a publication and all relevant objects. In this respect, an enhanced 
publication is permanently developing. The model must therefore be able to continually add 
related objects, also at a later (post-publication) stage. We conclude that only the OAI-ORE 
model is capable of handling this complex process.  

Enhanced publications can also contain objects held in repositories. The internal format and 
repository infrastructure must be flexible enough to deliver common metadata formats 
(such as DC, MODS, DIDL or METS) or more community specific metadata formats. Above 
all repository infrastructures must support the OAI-ORE model.   

Objects of an enhanced publication should be linked in a meaningful way. The links must 
show the function of the objects within the publication. Is the object a ‘part of’ (e.g. a 
chapter of a book) or a ‘comment on’ the publication? Publishers and repositories should 
offer services and tools for researchers to add research data, extra materials, and post-
publication data to the publications. It is up to the publisher and repository holder to decide 
how complex the link pattern will be, and whether the enhanced publication can change 
over time by adding commentaries after publication. Ontologies can help to provide basic 
semantic interoperability. 

The parts of an enhanced publication should be selected carefully. Publishers and 
repositories should set up a checklist for objects forming part of an enhanced publication. 
Objects should have: (1) a unique global persistent identifier; (2) a facility for the link to be 
resolved; (3) a time stamp; (4) a common file type (for future use); (5) a universal numeric 
fingerprint for data sets; (6) “Cite as” information; (7) a quality good enough for 
preservation; and (8) it should be legal to publish the object. 
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Enhanced publications can help to integrate scientific information, since they provide 
explicit links between related objects. This link function of enhanced publications will help 
to structure the environment of scholarly publishing, and will therefore make scholarly 
publishing much more efficient. 
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publication model, these complex relations cannot be shown. The question also arises 
whether the current infrastructure of repositories (OAI-PMH, XML, Dublin Core, DIDL, DDI, 
etc.) can handle the complex link pattern of enhanced publications. Will we have to design 
and set up a new infrastructure and new rules for enhanced publications? To answer this 
question, we will provide an overview of the current status of enhanced publications. We 
will also report on models that can reflect and support relations between objects in the 
world of scholarly publishing, relations that seem obvious, but that at present are often not 
shown or supported. Finally, we will give a short checklist for repositories with enhanced 
publications. 

Structure of the report 

In the report we will discuss: 

1. Publication and metadata models for enhanced publications (section 2) 
2. What parts or objects an enhanced publication can consist of (section 3) 
3. Current repository projects (section 4) 
4. The characteristic features of these objects in the publication process (section 5) 
5. Models that can help to shape an environment for enhanced publications (section 6) 
6. Conclusions (section 7) 
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sets of metadata, each set describing a different aspect of the information entity. (J. G. 
Kircz, 1998; Joost G. Kircz, 2002) 

As an advantage of modular articles, Kircz mentions that some modules (e.g. to describe a 
project or an apparatus) can be reused and need not be (re)written (for a new article on 
the project or apparatus). Experienced readers who already know much of the field do not 
need to (re)read the modules about the project: modularity allows for selected reading 
paths, so that modules can be skipped or emphasised depending on the reader’s wish, 
expertise, or level of understanding. Setting up articles according to a modular structure 
instead of the current linear structure would make publishing and reading much more 
efficient. The journal Cell1, in a somewhat primitive form, makes use of the modular 
structure (older issues can be freely accessed). 

 

Proposed modules of a modular article are (J. G. Kircz, 1998): 

1. Module meta information; the central module of a modular article. 
a. Bibliographic information 
b. Contents, giving the structure of the article 
c. Index terms according to the various applicable standards of 

classification 
d. Bibliographic references 
e. Acknowledgements 
f. Abstract 

2. Goal and setting 
a. The definition of the problem 
b. The embedding [of the research] (methods, techniques, tools)  

3. Results 
a. Raw data 
b. Fitted data 

4. Discussion  
5. Conclusions 

 

2.2 Semantic publication 
Hunter (2006) introduces the ‘Scientific Publication Package’ (SPP) as a new information 
format that encapsulates raw data, derived products, algorithms, software, textual 
publications, and associated contextual and provenance metadata. This new information 
format is fundamentally different from the traditional file-based formats. Hunter describes a 
high-level architecture that is currently under development and that enables scientists to 
capture, index, store, share, exchange, re-use, compare and integrate scientific results 
through SPPs. The SPPs are based on an extension of the ABC model. The ABC model and 
the SPP are based on a number of scientific concept models for publishing scientific data 
and results, and for documenting the lineage of scientific theories and advances. 

Hunter stresses the importance of workflow technologies as a component of the scientific 
process. SPPs capture the chain of processing steps used to generate scientific data and 

 

 
1 http://www.cell.com 
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3. Development of a hypothesis which is an answer to the research problem  

4. Empirical testing of the hypotheses 

5. Analysis of the test results 

6. Conclusion: hypotheses ratification or refusal  

 

This methodology is a part of the proposed model. The model is an XML structure, 
hierarchically organized and mapped to XML elements, and has two types of relations, 
expressed as links: from an article’s ‘deep structure’ to other online articles cited in it and 
to an available Web ontology: 

 

<scientific_article_deep_structure>  

           <fact>... </fact> ...                                           (new phenomena)  

           <problem> ... </problem>                                (question)  

           <method>  

     <methodology> ... </methodology>  

 </method> 

           <hypotheses>                                                  (provisory answer)  

  <contextual_condition> ... </ contextual_condition > ...  

  <cause> ... 

   <link to knowledge base> ... <link to knowledge base>  

  </cause> ...  

  <consequence> ...   

        <link to knowledge base> ... <link to knowledge base>  

  </consequence> ...  

 </hypotheses>  

 <result> ...  </result> ...                                    (data resulting of controlled experiences or  

      empirically collected – also a link to data sets of results)   

 <conclusion> ...                   (hypotheses ratification or refusal)  

     <link to knowledge base> ... <link to knowledge base>  

 </conclusion> ...   

  <citation>  

    <bibliographic_reference> ... </bibliographic_reference>   

  <link to bibliographic reference> ... </link to bibliographic reference>  

   <reason_to_cite> ... </reason_to_cite>  

 </citation> ...   

</scientific_article_ deep_structure>  
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All these elements are published as a ‘knowledge base’, using XML, thus outlining a 
Scientific methodology Markup Language (Sm-ML); concepts expressed in the different 
parts of a scientific article are to be linked to public Web ontologies, thus enabling the 
establishment of a formal relationship between the scientific article specific knowledge base 
to ontologies like the UMLS – the Unified Medical Language System.1 In §3.2.2 we will 
discuss the Prospect project where Chemical Markup Language (CML) is used in journals of 
the Royal Society of Chemistry to link to ontologies. 

 

Marcondes advises development of tools that permit (1) electronic publishing of research 
results both as text and as a knowledge base; (2) explicit relation of this knowledge base to 
other scientific articles and to public Web ontologies, which store the established corpus of 
knowledge of a specific domain; and (3) other researchers to navigate throughout a 
semantically rich network of enhanced text/ontologies articles, to check their validity and 
coherence, and to compare, comment and semantically query them. According to 
Marcondes, the proposed model will improve the scientific communication process. The rich 
Web environment will permit, with the aid of intelligent software agents, browsing and 
navigation, semantic retrieval, critical enquiry, semantic citation, comparison, coherence 
verification and validating a scientific article against Web public ontologies. His model is 
also conceived as the basis for developing enhanced authoring and retrieval tools. 

 

Fink and Bourne (2007) are developing authoring tools to make the use of XML significantly 
easier. In their project, they use the NLM DTD (National Library of Medicine - Document 
Type Definition) to store a publication in a standardised and machine-readable format. This 
DTD also includes some semantic markup of the content, unique identifiers for the article 
itself and for the objects (e.g. figures and tables) within it. The tool they are developing in 
the project BioLit is a set of open-source tools that will facilitate the integration of open 
literature and biological data. Initially, they will develop and test these tools using the 
entire corpus of the Public Library of Science (PLoS) and the Protein Data Bank (PDB). 
Although biological objects are being used, the aim is to design tools that will be generally 
applicable to all literature and other biological data. 

 

2.3 Repository interoperability  
The essence of the open archives approach is to enable access to Web-accessible material 
through interoperable repositories for metadata sharing, publishing and archiving. The OAI-
Protocol for Metadata Harvesting (OAI-PMH) defines a mechanism for harvesting records 
containing metadata from repositories. OAI-PMH offers a simple technical option for data 
providers to make their metadata available to services, based on the open standards HTTP 
and XML. The metadata that is harvested may be in any format that is agreed by a 
community (or by any discrete set of data and service providers), although the default 
format for exchanging metadata between institutional repositories and service providers is 
simple Dublin Core (DC). For many services based on harvesting repositories, this format 

 

 
1 http://www.nlm.nih.gov/pubs/factsheet/umls.html 
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Open Archives Initiative Object Reuse and Exchange (OAI-ORE)1 
OAI-ORE defines standards for the description and exchange of aggregations of Web 
resources. The World Wide Web is built upon the notion of atomic units of information 
called resources that are identified with URIs. In addition to these atomic units, 
aggregations of resources are often units of information in their own right. The OAI-ORE 
specifications are based around the ORE Model. The ORE Model introduces the Resource 
Map that makes it possible to associate an identity with aggregations of resources and 
make assertions about their structure and semantics. The primary serialisation format for 
Resource Maps is a profile of Atom. However, because the ORE Model is expressed in RDF, 
Resource Maps may also be serialised in any format capable of serialising RDF. 

 

A Resource Map describes an Aggregation which is a set of resources, and possibly their 
types and relationships among the resources. Resources in the Aggregation are called 
Aggregated Resources. 

 

In order to be able to talk about the Aggregation on the Web, it must have a URI (say A-
1). According version 0.2 of OAI-ORE this URI is constructed by appending #aggregation to 
the Resource Map URI, i.e. ReM-1#aggregation. This syntactic device ensures that there is 
a unique Aggregation resource for every Resource Map. The following figure shows a 
complete Resource Map with statements indicated as arrows from subject resource to 
object resource or literal.   

 

 
Figure 1. Model of OAI-ORE 

 

                                            

 
1 http://www.openarchives.org/ore/  
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2.5 Summary 
After describing all the models, we propose the following definition of an enhanced 
publication: a publication that is enhanced with research data, extra materials, post 
publication data, database records (e.g. the Protein Data Bank), and that has an object-
based structure with explicit links between the objects. In this definition an object can be 
(part of) an article, a data set, an image, a movie, a comment, a module or a link to 
information in a database13. 

 

We have seen that all models have tried to add a structure by using metadata on very 
different levels: module (Kircz), classes and instances (Van de Sompel) and concepts 
(Hunter, Marcondes). The (aggregated) object of all these models becomes more richly 
structured and exposes its semantics more explicitly. We have also seen that this structure 
is not only important for human reading and comprehension, but should also be machine-
readable for data mining purposes. One of the difficulties we have observed is that adding 
metadata and/or rich structure is very time consuming. Almost all researchers mention the 
importance of creating tools to assist the author.  

Moreover (Lynch, 2007) mentions the importance of tools: “I hope that we will see a new 
generation of viewing and annotation tools deployed, presumably working on semantically 
rich XML document representations.” 

 

It appears that most metadata formats (Dublin Core, MARC, METS etc.) are too limited for 
enhanced publications. The information that needs to be recorded cannot be mapped easily 
to a hierarchical XML structure. We are dealing with objects, properties and types of 
objects, and relationships between objects. To describe this intricate set of properties, we 
really need a graph structure instead of a tree structure.  For this new infrastructure we will 
need to use the OAI-ORE model. 
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PDF, but publishers are also aware that a number of authors already submit their artwork 
in MS Office formats for convenience. They accept MS Office files (Word, PowerPoint, and 
Excel) provided that they meet certain conditions. Elsevier guarantees that they will 
continue to support these submission types, now and in the future. 

 

Selection of publishers’ checklists1: 

a. All supplementary material must be supplied with a legend stating what it is, 
what format it is, and where necessary how it was created. 

b. Colour images should be provided in the RGB colour space. 
c. The physical dimensions of the artwork match the dimensions of the journal. 
d. The lettering used in the artwork does not vary too much in size.  
e. Recommended file naming conventions. 
f. If a native data set is supplied, the program and/or equipment used should 

be given. For specialist software (e.g. Latex), the software and version 
number used should be given. 

g. Extra rules for delivering on disk. 
 

Concerning media types, Van de Sompel writes that a unit of communication should not 
discriminate between media types, and that it should recognise the compound nature of 
what is being communicated. It should be possible to allow multiple heterogeneous data 
streams as a single communication unit, as well as to recognise references to previously 
communicated units as formal components of a new unit. (Herbert  Van de Sompel et al., 
2004) 

 

Links to all types of objects by an author on the internet (movies, data sets, etc) can be 
easily made in scholarly publications. It is possible to link to all kinds of materials on 
institutional Web sites, in repositories, to blogs etc independent of the location. Stable urls 
are not required and not checked. At this moment adding links to an article on a publisher’s 
site can only be done only at the moment that the publication is created: publishers do not 
add new information to an article after official publication. 

 

3.2 Objects from others 
A publication can be enhanced not only by the authors, but also by other researchers or by 
the publisher. 

 

3.2.1 Other researchers  

More and more publishers have given researchers the opportunity to add information to a 
published article. The most famous example can be found at the Public Library of Science 

 

 
1 http://www.elsevier.com/artworkinstructions 
  http://www.blackwellpublishing.com/bauthor/suppmat.asp 
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(figure 1).  PLoS ONE is an international, peer-reviewed, open-access, online journal. The 
pre-publication peer review of PLoS One concentrates on technical rather than subjective 
concerns and may involve discussion with other members of the editorial board and/or the 
solicitation of formal reports from independent referees. If published, papers will be made 
available for community-based open peer review involving the addition of online notes, 
comments, and ratings. This requires that they offer researchers an easy way of adding 
annotations, starting a discussion on an article, adding trackbacks (for instance to blogs 
(figure 2) and ratings. Other PLoS journals use or will use the same model although they 
use higher peer review standards (not only technical). PLoS makes use of the Topaz1 
software platform for the infrastructure of their journals.  
 

 
Figure 2: Screenshot of PLoS One 
 

 

                                            

 
1 http://www.topazproject.org/trac/  
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