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Abstract 

This paper includes an overview of the changing landscape of scholarly communication and 
describes outcomes from the innovative eBank UK project, which seeks to build links from e-
research through to e-learning. As introduction, the scholarly knowledge cycle is described and the 
role of digital repositories and aggregator services in linking data-sets from Grid-enabled projects to 
e-prints through to peer-reviewed articles as resources in portals and Learning Management 
Systems, are assessed.  The development outcomes from the eBank UK project are presented 
including the distributed information architecture, requirements for common ontologies, data 
models, metadata schema, open linking technologies, provenance and workflows. Some emerging 
challenges for the future are presented in conclusion. 

1. Introduction and context – the 
scholarly knowledge cycle  
The background and context for the eBank 
project is the changing landscape of scholarly 
communication afforded by the developing 
global network infrastructure (Internet, World 
Wide Web, Semantic Web and Grid) together 
with the potential for increasing links between 
the activities of e-research / e-science, digital 
libraries and e-learning at all levels from 
schools to post-graduate. 
 

The flow of data and information in the 
process of research and learning in an academic 
setting leads ultimately to the creation and 
acquisition of knowledge. Data and information 
is continuously used and re-used in new ways as 
part of a research activity or in the development 
of course materials in support of learning. These 
workflows are interlinked and together underpin 
the scholarly knowledge cycle (figure 1) [SKC]. 

 
The creation, management, sharing and 

interoperation  of original data (which may be, 
for example, numerical data generated by an 
experiment or a survey, or images captured as 
part of a clinical study together with the 
associated metadata) is an intrinsic part of e-

Science, keeping data & metadata together. This 
process consists of one or more subprocesses 
which might include aggregation of 
experimental data, selection of a particular data 
subset, repetition of a laboratory experiment, 
statistical analysis or modelling of a set of data, 
manipulation of a molecular structure, 
annotation of a diagram or editing of a digital 
image, and which in turn generate modified 
datasets. This in turn entails managing version 
control and access to previous versions, as well 
as auditing information on processes and 
transformations. 

 
The successive levels of derived data are 

closely related to the original data (through 
refinement, transformation, interpretation, 
generalisation etc.) and may themselves be 
further processed to form successive 
interpretations or abstractions. If the data at any 
particular stage of processing is considered to 
be generically useful, it may be considered for 
inclusion in a publicly-available database for 
use beyond the boundaries of the project which 
funded the data. This has only been undertaken 
in fairly specialised fields of joint community 
endeavour (for example in the bioinformatics 
field,  protein and genome sequences databases, 
and in chemistry, material safety information, 
and the crystal structures Cambridge Structural 
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The eBank UK project is addressing this 

challenge of whole-lifecycle reuse by 
investigating the role of aggregator services in 
linking data-sets from Grid-enabled projects to 
e-prints contained in digital repositories through 
to peer-reviewed articles as resources in e-
learning portals.  

2. The eBank UK Project –  
addressing the data publication 
bottleneck  
This innovative JISC-funded project which is 
led by UKOLN in partnership with the 
Universities of Southampton and Manchester, is 
seeking to build the links between e-research 
data, scholarly communication and other on-line 
sources. It is working in the chemistry domain 
with the EPSRC funded eScience testbed 
CombeChem [combechem], which is a pilot 
project that seeks to apply the Grid philosophy 
to integrate existing structure and property data 
sources into an information and knowledge 
environment. The specific examplar chosen 
from this subject area is that of crystallography 
as it has a strict workflow and produces data 



 that is rigidly formatted to an internationally 
accepted standard, that demonstrates the 
usefulness of an end-to-end philosophy, 
tracking from laboratory to literature and back 
again (figure 2). 

 

 
 

 
Figure 2. A generalised workflow for 
crystallography experiments. 
 

The EPSRC National Crystallography 
Service (NCS) is housed in the School of 
Chemistry at the University of Southampton, 
and is an ideal case study due to its high sample 
throughput, state of the art instrumentation, 
expert personnel and profile in the academic 
chemistry community. Moreover, recent 
advances in crystallographic technology and 
computational resources have caused an 
explosion of crystallographic data, as shown by 
the recent exponential growth of the Crystal 
Structure Database (CSD). However, despite 
this rise it is commonly recognised that, via 
traditional publication routes, approximately 
only 20% of the data generated globally is 
reaching the public domain. This situation is 
even worse in the high throughput NCS 
scenario where approximately 15% of its output 
is disseminated, despite producing more than 60 
peer reviewed journal articles per annum. With 
the advent of the eScience environment 
imminent, this problem can only get more 
severe.   

 
The key issue is that the accepted unit of 

dissemination is the peer-reviewed journal 
article; the relationship between the article and 
the collection of data that underpins it (as made 
available in the published article itself) is weak, 
being expressed in reduced graphical or tabular 
form. Consequently not only is a small minority 
of scientific research being published in 
recognised outlets, but the amount of useful 
information being disseminated by those articles 
is a tiny fraction of the available (original) 
information. 

 
 
Figure 3. A crystallographic EPrint 

record, containing bibliographic information, 
an interactive visualisation of the derived 
structure, metadata and links to all the data 
generated during the course of the 
experiment. 

generic schema for 
scientific experiments.  

  
To improve dissemination of published 

articles, the Open Access Initiative allows 
researchers to share metadata describing papers 
that they make available in ‘institutional’ or 
‘subject-based’ repositories. Building on the 
OAI concept we present an institutional 
repository that also makes available all the raw, 
derived and results data from a crystallographic 
experiment that cannot be included in the peer-
reviewed published article (figure 3). A schema 
for the crystallographic experiment has been 
devised that details crystallographic metadata 
items and is built on a 

 
The deposition process generates metadata 

to be presented to the OAI interface by two 
different mechanisms. Firstly the depositor must 
enter metadata manually, which is mainly 
common bibliographic information but also 
includes chemical information items that have 
been added to the conventional Dublin Core 
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Files associated with this stage Metadata associated with this stage Name Description of the stage 
File Type Description Name Data Type 

Initialisation Mount new sample on diffractometer 
Parameterisation to set up data collection 

datcol.non 
i*.kcd 
.drx 

ASCII 
BINARY 
ASCII 

Parameters for producing i*.kcd files 
Unit cell determination images 
Unit cell 

Morphology STRING 
 

Collection Collect Data collect.rmat 
datcol.non 
.py 
s*.kcd 
*scan*.jpg 

ASCII 
ASCII 
ASCII 
BINARY 
JPG 

Orientation of the crystal  
Command file 
Proprietary configuration file 
Diffraction images 
Visual version of .kcd file 

Instrument_Type 
Temperature 
Software_Name (x n) 
Software_Version (x n) 
Software_URL (x n) 

STRING 
INTEGER 
STRING (x n) 
INTEGER (x n) 
URL (x n) 

Processing Process and correct images scale_all.in 
scale_all.out 
.hkl 
.htm 

ASCII 
ASCII 
ASCII 
HTML 

Result of processing   
Result of correction on processed data  
Derived data set 
Report file 

Cell_a 
Cell_b 
Cell_c 
Cell_alpha 
Cell_beta 
Cell_gamma 
Crystal_system 
Completeness 
Software_Name (x n) 
Software_Version (x n) 
Software_URL (x n) 

INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
STRING 
INTEGER 
STRING (x n) 
INTEGER (x n) 
URL (x n) 

Solution Solve Structures .prp 
xs.lst 
 

ASCII 
ASCII 
 

Symmetry file, log of process 
Solution log file 
 

Space_group 
Figure_of_merit 
Software_Name (x n) 
Software_Version (x n) 
Software_URL (x n) 

STRING 
INTEGER 
STRING (x n) 
INTEGER (x n) 
URL (x n) 

Refinement Refine Structure xl.lst 
.res 
 

ASCII 
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Final refinement listing 
Output coordinates 

R1_obs 
wR2_obs 
R1_all 
wR2_all 
Software_Name (x n) 
Software_Version (x n) 
Software_URL (x n) 

INTEGER 
INTEGER 
INTEGER 
INTEGER 
STRING (x n) 
INTEGER (x n) 
URL (x n) 

CIF Produce CIF .cif 
 

ASCII Final results   

Report Generate e-Print report .html 
 

.HTML Publication format (HTML/XHTML) Authors 
Affiliations 
Formula 
Compound_name 

STRING 
STRING 
STRING 
STRING 

2D_diagram STRING 

tion of the crystallography experiment schema, 
 

which is an 
ternational identifier that uniquely describes 

the

nd transform it into knowledge and 
the publication bottleneck problem can be 

ques based on 
CGI-mechanisms and portal-related standards, 
par

                                                          

schema. The chemical information includes, for 
example, an InChI code, 
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 two dimensional structure.  
 

During the deposition of data in a 
Crystallographic EPrint metadata items are 
seamlessly extracted and indexed for searching 
at the local archive level. The top level 
document includes 'Dublin Core bibliographic' 
and 'chemical identifier' metadata elements in 
an Open Archives Initiative Protocol for 
Metadata Harvesting (OAI-PMH) [OAIPMH] 
compliant form, which allow access to a 
secondary level of searchable crystallographic 
metadata items (figure 4), which are in turn 
directly linked to the associated archived data. 
In this manner the output from a 
crystallographic experiment may be 
disseminated as ‘data’ in such a way that 
aggregator services and researchers may add 
value to it a

overcome.  

3. Architecture and Data Flow   
The metadata about the datasets available in the 
repository will be harvested by a central service 
using the OAI-PMH. This metadata will then be 
indexed together with any other available 
metadata about research publications. A 

searchable interface will enable users to 
discover datasets as well as related literature. 
The metadata contains links back to the datasets 
which the user will be able to follow in order to 
obtain access to the original data, when this is 
available. Harvested metadata from different 
repositories not only provides a common entry 
point to potentially disparate resources (such as 
datasets in dataset repositories and published 
literature which may reside elsewhere) but also 
offers the potential of enhancement of the 
metadata such as the addition of subject 
keywords to research datasets based on the 
knowledge of subject classification terms 
assigned to related publications. A further area 
of work investigates the embedding of the 
search interface within web sites, adopting their 
look-and-feel. The PSIgate1 portal will be used 
to pilot these embedding techni

ticularly for resource discovery in a teaching 
and research training context. 

 
During deposition of the crystallographic 

experiment data sets into the e-data repository, a 
number of descriptive elements are either 
entered by the depositor (figure 6), or generated 
automatically, as described previously.  The 
repository is OAI-PMH compliant, such that it 

 

Figure 4. A representa indicating all the files 
generated during the course of the experiment. 

1 http://www.psigate.ac.uk/ 
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guidelines are required to help reach some 
consensus on the specific interpretation of the 
use of those elements, for example by 
specifying an acceptable minimum of metadata 
to be completed, agreeing on the format for 
author names and encoding the identifiers of the 
resources described [Powell2]. 
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basic 15 Dublin Core elements, such as creator 
and type [SimpleDC]. The identifier field 
contains a link to the HTML page in the edata 
repository that contains links to all the data sets 

 

related to an experiment. The metadata also 
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applicability of the approach will extend to 
other communities that the eBank UK project 
hopes to interact with in the future. 
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descriptions should work well with descriptions 
of published literature available through the 
OAI-PMH and which could be harvested and 
cross-searched in the eBank UK service.  In 
practice the Open Access approach is not 
currently as widespread in the Chemistry 
community as in some other fields, and 
metadata available via the OAI-PMH that 
describes the published literature is rather 
scarce.  However, some publishers have 
recently become more willing to expose 
bibliographic information on articles in journals 
that they publish more openly i.e. through 
specified open sta
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the current metadata exchanged to an extent 
hides a degree of complexity in the underlying 
experimental data being deposited by the 
crystallographers.  Such data is often manifested 
as a series of related files that may have some 
underlying ordering, based, for example, on the 
stage of the experiment from which the data was 
produced.  In this context, the eBank UK project 
is investigating the use of so-called ‘packaging 
standards’ which attempt to address the need to 
describe more complex objects.  This is an issue 
which is increasingly becoming of interest to 
the OAI-PMH community [Herbert].  One other 
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