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Abstract— Although new and emerging information
technologies (IT) can enable the analysis of rapidly expanding
bioinformatics data, no standards exists. Standards validate a
technology or process against a compilation of consolidated best
practice specifications. Standards development represents an
effective way to retrieve textual evidence, work collaboratively,
and integrate bioinformatics with global e-health initiatives.
Thus, standards barriers can impede otherwise productive
research efforts.
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I. INTRODUCTION

T

HE capacity to share data can facilitate multi-national
bioinformatics research approaches for asking new and
different types of biological questions. Bioinformatics melds
molecular biology with computer science, using genomic
information in understanding human diseases and new
molecular targets for drug discovery (1). Collecting,
organizing, presenting, and disseminating biological
knowledge is a challenging process (2, 3). Yet none of this
activity is standardized on a local, national, or international
basis. Very little of it feeds into or connects with other
bioinformatics systems or e-health initiatives. Thus, this paper
suggests the integration of existing systems and initiatives will
reduce the standards barriers that impede otherwise productive
research approaches.

II.

BACKGROUND

Standards evolve over time; they are revised as change occurs.
Although beginning to emerge, to date we can not locate many
research attempts to devise a formal standard. Formal
standards are generally ratified by national standards
organizations or the International Standards Organization
(ISO) (26). The “ISO/TS 18308 Health Informatics Requirements for an electronic health record reference
architecture” standard for instance, provides the documented
example of a specification against which a series of
benchmarks or best practices for a process or technology can
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be evaluated (26). A review of publications for this work
indicated a paucity of research projects enquiring about
standards for bioinformatics work (27, 11). Thus, researchers
have apparently overlooked questions about a formal
standards development process.
Interconnecting bioinformatics systems is a challenging and
complex task. The plethora of ontologies and open source
software options currently available to scientists has
aggravated the process (3, 24). In recognition of this, several
bodies, such as the OBO (Open Biomedical Ontologies)
Foundry, the Bio-Ontologies IMSB (International Society for
Computational Biology) special interest group and Epoch are
trying to build comprehensive frameworks that feed into
existing ontologies [19, 23, 24]. These efforts, along with
those of the Ontology for Biomedical Investigations (OBI) or
the OWL web ontology language, acknowledge the need to
align their efforts with existing ontologies (6, 14). Many
bioinformatics experts are apparently aware of the standards
barriers to data integration.
Some bioinformatics experts have focused on devising new
technological approaches to data integration in order to
address the standards barrier. The approaches include MyGrid,
MOBY-services, Semantic-Moby, and Bio2RDF and are
based on the Internet and associated technologies (31-33).
These technologies shift the focus from ad hoc computational
biology to emphasize standardized web-based semantic
networks for ontological knowledge representation.
In order to support development of the semantic networks,
the ISO have ratified a number of Topic Maps, for example
the “ISO/IEC 19763-3 Information technology - Metamodel
framework for interoperability (MFI) - Part 3: Metamodel for
ontology registration” (30). Topic Maps standardize
knowledge-sharing
representations,
emphasizing
the
“findability” of information (31). Various other languages for
ontology specification, such as RDFs (resource description
frameworks) and OWL ontologies, also support the
construction of useful knowledge representation models. As
with Topics Maps, RDFs and OWL ontologies are at the
forefront of efforts to develop standardized semantic
networks.
Many scientists in the semantic web services community,
led by the W3C (the World Wide Wed Consortium), support
the notion of OWL ontologies combined with RDFs for
application to knowledge representation (32). Web version 3.0
serves as a foundation for semantic web services approaches.
Version 3.0 is more robust and secure than Web versions 1.0
or 2.0. It has the capacity to convert RDF documents and
OWL ontologies into integration tools, some of which are
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sufficiently mature to apply to actual production systems (32).
Mashups, semantic web applications that combine content
from more than a single source into an integrated experience,
are clearly at the cutting edge of numerous efforts to eliminate
standards barriers to bioinformatics research (31, 32).
World-wide governments are also aware of the standards
barrier. For instance, a recent report to the Australian Health
Information Council (AHIC), the basis of advice to ministers,
suggests that although non-standardized developments may
allow scientists to meet their own needs, it is clear from both
national and international analyses that bioinformatics benefits
can only be realized when systems are integrated and data can
be shared and aggregated (5).
The standards shortcoming is exacerbated by conflict between
computer scientists and biomedical experts which sometimes
occurs on the basis of perceived notions of best practice (6). A
wider understanding of the computer science perspective
amongst biomedical scientists may partly address the conflict.
Nonetheless, the application of computers to health
knowledge representation is a fact of modern life so research
practice needs to accommodate this (5).
At the same time, computer experts must understand the needs
of biomedical scientists from a wide range of complex and
comprehensive disciplines. Bioinformatics applications need
to be usable, useful and contextual. The usability discipline
concerns how easy, controllable, intuitive and satisfactory it is
for users to work with systems and devices in a specific
environment [7, 8, 9]. Usability errors concern machine
interfaces that do not reflect the context of biomedical work,
are not based on any contextual metrics, have navigation
problems and feature confusing displays (10, 11). Unusable
informatics applications are not useful or specific to scientific
circumstances and molecular biology experts are rightfully
wary of them. Thus, a consolidated set of best practices needs
to specify useable as well as interoperable bioinformatics
standards.
Standards can enable bioinformatics interfaces with a range of
end-user applications, platforms, and database products,
including proprietary systems and systems that have been built
for differing purposes. The standards creation and ratification
processes usually incorporate a working group that includes
many recognized experts in the field. Thus, the standards
process addresses concerns that either computer scientists or
biomedical experts could dominate standards development.
III. THE INTERCONNECTIVITY BENEFITS
Interoperable standards developments in two key areas would
benefit the bioinformatics discipline. The first area of benefit
concerns the effective retrieval of textual evidence. Secondly,
standards development could integrate bioinformatics with
global e-health initiatives and so link the disciplines. After
outlining the core ideas herein, each of the areas is discussed
in turn.
A. A draft standards model
“Figure 1: Meta view of a draft bioinformatics and e-health

interoperability model” illustrates the objectives of formal
standards development. The figure shows various biomedical
ontologies and technological platforms linking to a common
language library mashup. The mashup builds links between
the data, but does not warehouse any of it [32]. The language
library facilitates systematic reviews and data mining
algorithms, resulting in the complete capture of relevant
information. Middleware, which can also be supported by data
mashups, fosters interoperability within biomedical research
disciplines as well as between them and between biomedical
research and e-health frameworks. Albeit simple, Figure 1
crudely models the central standards development ideas
expressed in this paper.

Figure 1: Meta view of draft bioinformatics and e-health interoperability
model

B. The effective retrieval of textual evidence.
The effective retrieval of textual evidence is sub-divided into
two core areas. They are systematic reviews and data mining.
Systematic reviews
Systematic reviews concern a structured literary search for
objective information on a topic potentially answered by an
analysis of evidence that has been systematically identified,
critically appraised and summarized according to
predetermined criteria. Reviews synthesize data from evidence
to formulate study findings (12). Systematic reviews and
meta-analysis of the data have become important approaches
for evaluating associations across different study platforms
and populations (13). The caliber of evidence collected by
systematic reviews underpins the quality of the research
findings. Therefore, a key factor in assessing the quality of
such reviews is the complete capture of relevant studies (13).
Shared bio-ontologies, as defined by a formal standard, can
support the capture of all relevant studies and so improve the
quality of evidence for a systematic review. Yet much relevant
information is currently not available to scientists for metaanalyses of study findings when they need it. For instance,
standard queries of databases such as PubMed, the largest
publicly available biomedical literature database, are labourintensive and are not as productive as they might be due to
bio-ontology standards shortcomings (13). The lack of
standards means gathering information about genetic
association studies is necessarily time-consuming and labour
intensive (11).

Data mining
Data mining concerns the way scientists store, access, model,
and ultimately describe and understand data sets (15). As with
systematic reviews, data mining algorithms and their
applications concern very large data sets and depend upon the
complete capture of relevant information. A range of
extensive, interrelated and complex foci are included in the
biomedical discipline, from plant life to animal and human
biological data-types [23, 24]. Competing or overlapping data
mining tools magnify the demands of an already challenging
discipline.
A review of publications indicates the proliferation of
independently developed data mining tools, such as the
BioWeka project, the Open Bioinformatics Foundation,
MOBY iterations or Bio2RDF (16,17,32) The tools focus on
semantic web formats, different classification systems,
independent families of databases, the National Library of
Medicine’s Unified Medical Language System (UMLS) or
annotation systems, and other computerized pattern matching
tools such as OWL - DL (web ontology language - descriptive
language) (3,18-19). Standards-based ontologies can reduce
the duplication of work and the knowledge loss that results
from this variety of independently developed data mining
tools (11-18). Hence, the development of formal interoperable
bioinformatics standards will improve the time-consuming,
labor-intensive cost of scientific work while facilitating the
complete capture of relevant data.
C. Bioinformatics and global e-health initiatives
Global e-health initiatives and biomedical research need to be
linked. Technical hindrances to global sharing of information,
such as low bandwidth, have essentially been resolved so
impediments to true interoperability no longer exist (20).
Patient histories taken by clinicians focus on diagnosing what
was done or what happened, while bioinformatics research
studies and constructs the ‘why’ part of patient care (2).
Together, biomedical scientists and clinicians alike contribute
to the development of comprehensive medical records (2).
Devising an interoperable standard that could link e-health
initiatives with bioinformatics studies would be a significant
medical achievement. To this end, a number of international
proposals for integrating patient histories, supported by
standards-based e-health frameworks, have been underway for
some time.
The international proposals include the OMG (Object
Management Group)/CORBAmed (Common Object Request
Architecture) service interface definitions, the UCL
(University College London) SynEx telematics project, the
CEN (Comité Européen de Normalisation) program, HL7
(Health Layer 7) proposals and OpenEHR (Electronic Health
Record) (20-21). The proposals have contributed valuable
material to standards development achievements.
A merger of the openEHR team with SynEx along with some
convergence involving CEN’s 13606 EHR standard, HL7

version 3, CDA (clinical document architecture), and other
harmonization bridges into the openEHR group are advancing
the creation of an interoperable open source implementation.
The implementation will define the generic structural
components of e-health systems and is made up of archetypes.
‘Archetypes’ are reusable elements that facilitate
interoperability and evolve as knowledge and practice do (2,
20-21). Archetypes, supported by the model depicted in
Figure 1, can advance the links between health care and
biomedical research.
Archetypes may also present a way forward in terms of
alleviating the best practice tensions between computer
scientists and biomedical experts. OpenEHR’s archetype
efforts are open to software developers, students, researchers,
scientists, governments, and Informaticians alike as they work
to devise a knowledge-orientated computer framework that
incorporates useable and interoperable standards for
professionals across health care, biomedicine and related
disciplines (22).
The construction of security standards to protect intellectual
property and patient privacy presents another challenge that
might be addressed by the applications of standards. Data
security centres on three main pillars. The first pillar, data
confidentiality, consists of all measures that protect
information privacy. The second pillar is data availability,
which concerns the ability to obtain information when and
where it is required. The third and final pillar centers on data
integrity or the accuracy and completeness of stored
information [25, 27]. International proposals to achieve ehealth frameworks incorporate work to achieve the data
security standards. Thus, a standards-based link between ehealth frameworks with biomedical research may address
intellectual property concerns.
The effective retrieval of textual evidence and integration of
bioinformatics with e-health initiatives are important
contributions to bioinformatics research. Standards barriers
impede the potential for productive and collaborative
biomedical and clinical research efforts. Collective input into
formal standards development from biomedical scientists,
clinicians and computer experts will pioneer effective and
interoperable research tools.
IV. CONCLUSION
The findings outlined herein are not new. However, this paper
represents the first time the evidence has been assembled into
a single paper. The development of formal bioinformatics
standards can address the challenge of integrating medical
research with clinical e-health efforts, foster the construction
of a shared bio-ontology for complete data capture and lessen
the barriers to collaborative research.
In order for formal standards development to benefit research
efforts across the disciplines, descriptions based on end-user
tasks and service models are required (33). It is not clear
whether it is possible (or even desirable) for all services in the
bioinformatics, health care and associated domains to be

standardized. To this end, we are establishing an informatics
community across the Faculty of Medicine, Nursing and
Health Sciences at Monash University.
The community of scientists aims to advance collaborative
bioinformatics and health informatics research. We also hope
to survey community members as to research tasks and
contextual service models. The data will be collated with
research looking at other data integration efforts, as are
described above. Over the long term, the institutional, national
and international creation of communities like these will
address standards barriers to bioinformatics research.
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