Executive Summary

The Monash Clever Recordkeeping Metadata Research Project (the CRKM Project) was funded by the Australian Research Council Linkage Project scheme and concluded in December 2006.
 This highly collaborative project involved a number of research partners and engagement with national and international recordkeeping communities. Its aim was to demonstrate the practical utility to business of recordkeeping metadata interoperability using the emerging technical environments and leveraging the work of the recordkeeping community in developing recordkeeping metadata standards. The related PhD research project, Building Capacities for Sustainable Recordkeeping Metadata Interoperability, explored the requirements for recordkeeping metadata interoperability in depth.

The CRKM Project employed agile, iterative, rapid prototyping techniques to trial the development of a proof-of-concept Metadata Broker incorporating recordkeeping metadata translation and registry services. The prototyping process also enabled exploration of issues relating to what is required in implementation environments and infrastructures to support recordkeeping metadata re-use and interoperability.

The results of the research reveal how the limitations of current recordkeeping standards and practices that are predominantly still operating within the paper paradigm inhibit realisation of the full potential of recordkeeping metadata as a business tool. Recordkeeping practices and recordkeeping metadata schemas are yet to be fully transformed to meet the requirements of the emerging technical environments. 
The Project demonstrates the immediate utility, but limited functionality, of essentially hard-wired metadata translation services to current recordkeeping problems. It also illustrates the potentially much greater utility of recordkeeping metadata registry and brokerage services in emerging service oriented architectures. The lack of maturity of this emerging environment poses significant challenges, but also an opportunity for the recordkeeping community and academic contributors to be proactive in defining recordkeeping services, and the role of recordkeeping itself in this emerging environment in the short to medium term. 
This report outlines:

· The background to the research

· The people, partners and collaborations involved with the Project

· The research methodology

· The aims and results of the prototyping of recordkeeping metadata translation and registry services in the CRKM Metadata Broker

· The project findings and conclusions

· The Project deliverables, including a list of papers and presentations currently available.

1.
Background to the Research

1.1 Introduction

Metadata - structured context-rich information about business processes, agents, systems and information resources - is a vital tool in managing business transactions and related information objects in complex intranet/internet environments to support eBusiness and eGovernment.

The creation and keeping of records is ultimately dependent on the existence of metadata that places documentary objects into their business contexts and tracks the business and recordkeeping actions they undergo throughout their lifespan. In electronic environments maintaining the authenticity, integrity and reliability of records is an ongoing active concern. There is a need for continual accrual of metadata to document the transactions that impact on the authenticity, integrity and reliability of records at varying levels of granularity. 
In recent years, a suite of standards, best practice models and guidelines has been developed to address the challenge of managing electronic records and other information objects. The main objectives have been to support reliable, trustworthy and accountable business processes, and to provide better access to information resources online, particularly in the areas of eGovernment and eBusiness. Metadata guidelines or standards form part of this suite and are now in place in most jurisdictions in Australia.

However implementation of these metadata standards is proving to be problematic. A key challenge is to automate metadata creation and enable sharing of business critical metadata between the business systems and applications that control workflow, manage knowledge, and create, manage and retrieve documents, records and the content of web sites. Metadata generation and deployment in such systems are currently resource intensive and application specific. Metadata creation is not usually fully automated. Metadata created in one application of potential relevance to other applications is not shared between applications. Auditor-General inquiries in various Australian jurisdictions confirm that in practice there are major problems with implementation of the standards
. 

Metadata standards developers envisaged implementation in integrated systems environments and the deployment of metatools that would enable the clever use of metadata. In practice, many of the types of contextual information (metadata) created and used by recordkeeping systems are also created and used in a variety of other business application environments, such as desktop document authoring applications, web content management systems, human resource management systems, work flow systems and archival control systems. But recordkeeping systems as currently implemented do not draw on these systems as sources of metadata; rather they re-create it – often in manual and resource intensive ways. A parallel situation exists in relation to resource discovery metadata. For example AGLS metadata is most often created retrospectively at the time a document is made available on a web site, rather than being automatically supplied by the software in which the document was originally created, although this application would have also created metadata that could be re-used to manage and retrieve the document. 

Although data modelling, mark up language and syntax initiatives are addressing the data representation requirements for metadata translation and exchange, this functionality has not as yet been utilized in the systems that support eGovernment and eBusiness processes and recordkeeping. Moreover there has been little progress in relation to developing strategies and metatools for the translation of metadata values between schemas in these environments. 
1.2
Research Proposition

The Clever Recordkeeping Metadata Project aimed to develop a prototype to demonstrate how to overcome major barriers to the implementation of recordkeeping and resource discovery metadata standards, particularly in eGovernment. It was intended to provide an implementation model for the clever use of metadata in quality recordkeeping systems that capture and manage information that can support the reliability, authenticity, accessibility and usability of evidence of government decisions and activities for as long as that evidence is required. It was envisaged that the development of the prototype and a related implementation model would involve the prototyping and testing of innovative metatools that would enable the translation of metadata between different schemas.

Quality assurance mechanisms would also be developed during the prototyping as a critical feature of the prototype and implementation model. It was hoped that this work would demonstrate the business utility of metadata, as well as the cost effectiveness and feasibility of having integrated systems and applications that permit metadata to be created and captured once and reused for multiple business critical purposes.

As the CRKM Project was a collaborative initiative involving a professional and academic partnership, the Project aims had practical and research dimensions as reflected in the following diagram.
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Figure 1: Practical and research perspectives of the CRKM Project

1.3
Conceptual Framework 
The conceptual framework for the Project is provided by records continuum theory and the records continuum model, which support the development of complex, integrated systems and processes to manage records and archives in and through time, and across space. 

The research outcomes of a previous research project, Archival Metadata Standards for Managing and Accessing Information Resources in Networked Environments over time for Government, Social and Cultural Purposes, Chief Investigators Sue McKemmish, Anne Pederson, Australian Research Council SPIRT Grant, (commonly referenced as the SPIRT project) were taken as a starting point for this project (http://www.sims.monash.edu.au/research/rcrg/research/spirt/).
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Figure 2: Conceptual Model of Recordkeeping Metadata in Business and Socio-Legal Contexts

2.
Anticipated Outcomes and Benefits 

The outcomes and benefits of the Project, outlined at the time of the research proposal, were that the Project would:

· deliver a proof of concept prototype supported by metatools, capable of demonstrating the business utility of metadata and the cost effectiveness and feasibility of having integrated systems and applications that permit metadata to be created and captured once and reused for multiple business critical purposes (addressed by project outcome areas 3, 4, 5, 6)

· provide a model for new software and systems solutions to assist organisations to comply with standards in cost-effective ways that maximise corporate return on investment (addressed by project outcome areas 5, 6)

· provide prototypes of new metatools and demonstrate how a metadata registry can enable metadata translation between schemas (addressed by project outcome areas 2, 4, 5, 6)

· enable Australian business system developers operating in the resource discovery, document management and records management industry sector to better position themselves in the emerging international market in this field (addressed by project outcome areas 5, 6)

· support compliance with recordkeeping and resource discovery standards designed to ensure quality records and archives, accessibility of government information, and the accountability of government (addressed by project areas 1, 2, 3)

The extent to which these outcomes and benefits have been achieved is variable. The Project did not deliver a robust demonstrator to support the clever re-use of recordkeeping metadata as envisioned in the research proposal. However, it did illustrate the immediate utility of a limited functionality web service version of the translation services to achieve metadata translations between known environments using fixed crosswalks. This is a useful tool for workplaces facing the challenges of electronic recordkeeping in business systems. The Project also conceptualized a Metadata Broker as a cluster of web services, including translation services and a metadata schema registry. However it was not possible to achieve a fully functioning prototype operating in the service oriented environment, which would have been a more satisfying result for the Project Team. The lack of maturity of that environment, constraints imposed by the technology available, and the limitations of existing recordkeeping metadata schemas and standards precluded this result. In conceptualising the Metadata Broker for that environment, however, we revealed a fertile field for further academic research and a significant opportunity for further professional work.

Further detail on the research findings and deliverables is provided in Sections 6 and 7 of this report.

3.
Project Partners, Personnel and Collaborations

3.1
Project Partners

The CRKM Project was a continuation of long standing collaboration between the National Archives (NAA), the State Records Authority of New South Wales (SRA NSW), the Australian Society of Archivists (ASA), and Monash University, particularly in the area of identifying and standardising metadata requirements for recordkeeping. This research partnership was strengthened and extended by involvement in the 1998-99 SPIRT Project which developed the Australian Recordkeeping Metadata Schema, recognised as of world-leading significance in efforts to devise durable recordkeeping strategies that meet the challenges of the digital age. This ARC Linkage project further strengthened and extended research collaboration between the industry and higher education sectors. This particular project grew from a Research Forum involving NAA, SRA NSW, ASA Descriptive Standards Committee and other industry stakeholders. The objective of the meeting was to identify areas for metadata research and development which would meet high priority industry sector needs. 

3.1.1
National Archives of Australia 
The National Archives provided expert staff contributing to the design of the proof of concept prototype in both iterations, identifying and documenting business case and risk frameworks, and providing vital links to the Government Online, metadata, software development, and records communities. In particular, National Archives staff contributed their knowledge of relevant government metadata standards and government business drivers to help maximise the practical relevance of the research work. Staff of the National Archives participated as a Focus Group in the work process analysis supporting the development of the First Iteration Case Study. Partner Investigator Adrian Cunningham, from the NAA, convened and chaired the Advisory Committee, consisting of representatives from government agencies, the software industry, the records and archives profession, and metadata and standards setting communities. 

3.1.2
State Records NSW 
State Records NSW provided expert staff contributing guidance through participation in the Advisory Committee and Research Team Meetings. 

3.1.3
Australian Society of Archivists, Descriptive Standards Committee
The ASA Descriptive Standards Committee provided support to the project by the involvement of one of its members in the Advisory Committee and Research Team Meetings. It provided expert advice to the Research Team. It will also facilitate the distribution and dissemination of research findings to national and international descriptive standards bodies. 

3.2
Advisory Committee

The Advisory Committee met 4 times during the life of the project. The members of the Committee were:

	Role
	Personnel

	Chief Investigator
	Professor Sue McKemmish, Monash University

	Partner Investigators
	Professor Anne Gilliland-Swetland, UCLA

Mr Adrian Cunningham, National Archives of Australia

	Research Associate
	Ms Karuna Bhoday (October 2003-December 2005)

Ms Barbara Reed (January – June 2006)

	APA(I) Award
	Ms Joanne Evans

	Programmer
	Dr Sergio Viademonte (August 2004-July 2005)

Mr Andi Sumartono (August 2005-June 2006)

	National Archives of Australia Representative
	Mr Duncan Jamieson (November 2003- August 2005)

Ms Karen Skelton (September 2005-June 2006)

	State Records New South Wales Representative
	Mr Tony Leviston

	Australian Society of Archivists Committee on Descriptive Standards Representative
	Ms Barbara Reed

	Advisory Group Members
	Chair: Mr Adrian Cunningham, National Archives of Australia

Ms Kathryn Dan, Records and Archives Services, Monash University

Mr John Roberts, National Archives of New Zealand

Professor Wendy Duff, University of Toronto

Mr Mark Rogers, IP Australia

Mr Chris Hurley, Commonwealth Bank

Dr Richard Marciano, San Diego Super Computer Center

Mr Andrew Waugh, Public Record Office, Victoria

Mr David Kennedy

Dr Sergio Viademonte (September 2005-June 2006)

Dr Kate Cumming

Mr Malcolm Todd, National Archives UK

Ms Judith Ellis, Enterprise Knowledge Pty Ltd

Mr Hans Hofman, Nationaal Archief, The Hague

Mr Edward Hay, Deputy Auditor General, Victoria

Dr Andrew Wood, DSTC (November 2003-July 2005)

Dr Nigel Ward, Australian ADL Partnership Laboratory


3.3
Research Team

The Research Team met formally 6 times through the project. At various times, guests were invited to join the meetings. The members of the Research Team were:
Mr Adrian Cunningham,Chair and Partner Investigator

Professor Sue McKemmish, Chief Investigator

Professor Anne Gilliland-Swetland, Partner Investigator

Ms Joanne Evans, APAI PhD Student

Ms Karuna Bhoday, Research Associate, October 2003-December 2005

Ms Barbara Reed, ASA Descriptive Standards Committee, October 2003-June 2006; Research Associate, January 2006-June 2006

Dr Sergio Viademonte, Programmer, August 2004-September 2005

Mr Andi Sumartono, Programmer, September 2005-June 2006

Mr Duncan Jamieson, National Archives of Australia, November 2003-August 2005

Ms Karen Skelton, National Archives of Australia, September 2005-June 2006

Mr Tony Leviston, State Records NSW 

Invited Guests

Professor Eric Ketelaar

Mr Hans Hofman, Nationaal Archief, The Hague

Dr Andrew Wood, DSTC

3.4
Collaboration 

3.4.1
Interpares 2 Description Cross Domain Group

A formal collaborative agreement with the InterPARES2 Description Cross Domain group and the Clever Recordkeeping Metadata Project resulted in collaboration with the development of the MADRAS Registry undertaken in the InterPARES2 project (http://www.interpares.org). Professor Sue McKemmish and Ms Joanne Evans worked with UCLA staff and students on the specification of the Registry’s descriptive requirements and the development of a process for analysing the recordkeeping and archiving capabilities of metadata schemas.
The CRKM Research Team workshopped and contributed to the development of the IDEF ‘Managing the Records Continuum’ Model of Mr Hans Hofman, an outcome of modeling work also undertaken within the InterPARES2 project.

3.4.2
IT 21/7: Recordkeeping Metadata Committee

Professor Sue McKemmish, Joanne Evans, Barbara Reed, Adrian Cunningham, Karen Skelton, Andrew Waugh and Tony Leviston are active contributors to the work of the Standards Australia Recordkeeping Metadata Committee under the auspices of IT 21, Recordkeeping. The successful outcomes of the work from this Committee were fast tracked to the international standards arena and have been incorporated into ISO/DTS 23081-2, 2007, Information and documentation -- Records management processes -- Metadata for records -- Part 2: Concepts and implementation issues. 

3.4.3
ISO TC 46/SC11 WG 1: Records Management Metadata

This working group of the International Standard Organisation Sub Committee on Records Management is focused on developing standards for Records Metadata. The work of IT 21/7, which has been incorporated into ISO/DTS 23081-2, 2007, Information and documentation -- Records management processes -- Metadata for records -- Part 2: Concepts and implementation issues is detailed above.

In addition Joanne Evans, in collaboration with colleagues from UCLA, has developed a recordkeeping metadata schema evaluation tool which was tested and commented upon by the Working Group and is being considered for adoption as Part 3 of the ISO 23081 suite of standards.

4.
Research Design and Methodology

The research methodology was designed within an action-research framework where a close alignment between the practical development of tools and active reflection on each stage of their development iteratively informs both the further development of the tools and also identifies challenges and issues to be addressed in an ongoing fashion. 
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Figure 3: The systems development research method

The research involved the initial development of a proof-of-concept prototype to demonstrate that metadata re-use is possible and illustrate the business utility of recordkeeping metadata. From that initial proof of concept, the project intended to develop a more robust demonstrator available for wider dissemination. 

Development of the proof-of-concept prototype used the technique of user-centred rapid prototyping involving:

· An agile programmer to extend existing software and metadata deployment functionality in small, user-centred iterations

· Generation of new ideas and reprioritising old ones as the prototype evolves and insights develop

· A multidisciplinary research team and focus groups of experts to develop the scenario, and derive the metadata requirements, and for validating each iteration.

The project was very lucky to attract Joanne Evans as its APA(I) student working with the project to undertake her PhD research. Similarly the Research Officer, Karuna Bhoday on secondment from the National Archives of Australia and the employment of Dr Sergio Viademonte, as programmer were critical to the development of the first iteration of the project. Mr Andi Sumartono took over the position of programmer in September 2005.

The relationship between the CRKM Project and the PhD Project are illustrated in the following diagram. 
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Figure 4: The CRKM Project and the PhD Project

5.
Prototyping the Metadata Broker

5.1
Introduction 

As indicated in the Background section, the prototyping undertaken in the CRKM Project involved developing a demonstrator of a Metadata Broker as a proof of concept for the re-use of metadata. The aims of the prototyping were to:

· Explore how metadata can cross technical, spatial and temporal boundaries, including translations between business, recordkeeping and archiving systems, across levels of aggregation, through time, across contextual boundaries

· Develop/deploy meta-tools, e.g.metadata registries, mapping tools, standardised data representations, communication protocols (e.g. encoding languages like XML, communication protocols like SOAP)

The proof-of-concept prototype was designed to demonstrate authoritative automated capture of recordkeeping metadata and clever re-use to support different business processes, particularly in eGovernment. The prototype aimed to demonstrate that the challenges to metadata interoperability can be met by integrating business applications across different environments. It aimed to overcome the existing resource intensive approach to re-creating metadata for different purposes. The challenge of the research was to demonstrate that metadata re-use is possible as well as to evaluate the business case for interoperable systems supporting metadata reuse. The overarching aim was to demonstrate the business utility of recordkeeping metadata.

5.2
Conceptualisation and Development of the Prototype 

The concept of clever recordkeeping metadata capture and re-use is based on integrated systems environments in which standards-based metadata can be readily exchanged between applications. Such environments have yet to be realised in practice with current instances of metadata interchange arising from hard wiring applications together. Such solutions are expensive, brittle and ultimately unsustainable in the face of business, organisational and technological change. 

In designing the first iteration, it was anticipated that the seemingly simple would be difficult to actually achieve, thus highlighting areas of concern for development of the next iteration of the prototype. In the first iteration of the prototype, the Metadata Broker was initially conceptualized as middleware (see Figure 5). However, the feasibility of using web services components became increasingly attractive relatively early in the Project and influenced some aspects of the design of the first iteration. Web services are a feature of the emerging services oriented architecture (SOA) currently attracting much discussion in the IT community as a means to achieve flexible, sustainable system integration. With services oriented architectures, systems are built from functional components called services which interact through well defined interfaces
. The idea is for each service to perform a specific function and for its interface to be defined in a manner independent of any particular hardware, operating system or programming language so that any other service can interact with it. The services or components are loosely coupled which enables changes to be made to the internal workings of a service without adversely affecting the system as a whole. The second iteration of the prototype moved away completely from the concept of the Metadata Broker as middleware, conceptualizing it instead as a fully fledged cluster of web services, designed to be compliant to a service oriented architecture.

5.3 First Iteration: CRKM Metadata Broker I
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Figure 5: CRKM Metadata Broker I as Middleware

At the hub of the demonstrator prototype, as initially conceptualized in the first iteration, is a Metadata Broker which functions as middleware, supplying the functionality needed to implement standards compliant metadata reuse. The CRKM Metadata Broker I enables metadata interoperability by facilitating metadata translation and transformation between different systems, i.e. re-use or inheritance of metadata within systems in both directions. The Team chose the term 'Metadata Broker' because broker connotes the following concepts - a trusted, independent third party or intermediary that receives information from one party, does something with it and then sends it on to another party. The first iteration prototyping focused on building a translation service envisaged as operating as a component within the Metadata Broker.

Figure 6 below shows the conceptual model of the Metadata Broker that emerged as an outcome of the first iteration. It consists of Translation Services, supported by a Metadata Registry and Repository of schema and crosswalk objects. 
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Figure 6: Conceptual model of the CRKM Metadata Broker I

The Metadata Broker was conceptualized as having the following functionality:

· Stores authoritative information regarding the semantics and structure of metadata elements in the metadata schemas which is available in both human readable form and machine processable form. 

· Has the ability to translate metadata from one schema to another. This can be done via generic business rules derived initially from crosswalks between similar classes of schema. 

Within the metadata community, the term 'Metadata Registry' has been used interchangeably to refer to different types of metadata registries. The Metadata Registry in this project is an internal metadata registry that has the above specific functionality and is distinguished from other types of metadata registries, such as a metadata schema registry (also commonly referred to as a metadata registry) being an external/authoritative source of metadata elements statements that would be globally published. The relationship between the CRKM internal metadata registry and an external schema registry was further explored later in the project.
The Repository stores schema and crosswalk objects in support of the translation services. The conceptual model implicitly assumes that metadata instances move around and reside within the systems of the model (e.g. the records management system and the archival control system).

The Metadata Broker, as conceived above, can resolve the exchange of metadata between different applications within the same environment, such as business information systems, desktop applications (including word processing and email) and records management applications. It resolves the exchange of metadata between applications in different environments such as recordkeeping environment, an archival control system, and publishing to the Internet or other information gateways and portals. The Metadata Broker can also resolve the exchange of metadata over time in the face of changing underlying schema because of the functionality of the Metadata Registry.

5.4
Case Study for Instantiation in the First Iteration of the Prototype

One of the early challenges the Project faced was identifying an appropriate scenario and case study within which to develop the proof of concept. The initial ambition was to identify a ‘real-life’ organization or instance where interoperability was a key existing driver and therefore potential for re-use of recordkeeping metadata would clearly be able to be positioned as a significant business benefit. The Research Team identified a number of possible case studies, there being no shortage of potential candidates. For the purposes of the development of a demonstrator, the Research Team needed a reasonably constrained process and one which was able to be abstracted to be useful in a number of environments and jurisdictions, as well as access to the technology driving the processes and the capacity to replicate the results independently of the test bed scenario for broader demonstration. The reality was that many projects were well into development, unable to provide the extent of collaboration required, inherently extremely complex, or constrained from participation by commercial confidentiality issues. 
The case study selected for instantiation was that of a policy development case study using the National Archives of Australia’s DIRKS Manual through its development, publication and incorporation into archival control systems, as well as its accessibility to relevant external portals. This case had the advantages of using known technology, having easy access to personnel undertaking the process and enabling testing of a number of metadata schemas. A focus group consisting of NAA staff assisted with the detailed articulation of the workflow for the process.

The case study explores metadata re-use between three key metadata standards:-

· the Recordkeeping Metadata Standard for Commonwealth Agencies (RKMSCA),

· the Australian Government Locator Service (AGLS), and 

· the Commonwealth Record Series (CRS)
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Figure 7: eGovernment Policy Development –Recordkeeping – Publishing - Archiving Scenario
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Figure 8: Workflow and Metadata Accumulation in the Scenario

Instantiating the policy development process and the Metadata Broker concept, the first iteration of the demonstrator successfully showed the working of:

· Mappings between attribute and value spaces

· Representation of mappings for automated processing – crosswalks 

· Rules for aggregation of data and making contextual metadata explicit

· Metadata interchange and translation tools 

· Instantiation of translations between RKMSCA and AGLS and CRS at two levels of aggregation.

It also highlighted the limitations of the process as defined, as well as the limitations and constraints contained within recordkeeping metadata schemas used. Some technology constraints were also encountered.
5.5
Outcomes of the First Iteration

Outcomes of the first iteration are listed below.

· Application independent translation is a possibility, but needs more robust infrastructure to support it.

· The envisaged prototype architecture consists of an independent interface that interacts with component based services that are loosely coupled, enabling sustainability despite an evolving application or system environment.

· The metadata standards are not interoperable as initially assumed. 

· Full functionality is yet to be fully realised given that the first iteration was restricted to testing only components of the Metadata Broker thus resulting in a high degree of reliance of manual intervention to enable the translation of metadata values.

· A clear need to move away from standards based on flat and static metadata models towards multi entity and dynamic metadata models was identified.

· Enabling metadata interoperability is contingent on the ability to manage encoding schemes that underlie the standards.

· A better understanding of the scenario and limitations of the scenario emerged that can be used to hypothesis re-engineered work processes to facilitate greater functionality.

· The need to explore external points of authority that could be deployed within or externally to provide an exterior view of the organization was also identified.

· A more sophisticated understanding was acquired of the degree and reliability of automated metadata re-use possible given fundamental differences between the metadata conceptual models.

· There is a need to further develop a cost/benefit model and other criteria to evaluate the prototype.

5.6 Development of the Second Iteration of the Prototype: CRKM Metadata Broker II

Following the demonstration of the possibility of building translation services and the conceptualization of the CRKM Metadata Broker I in the first iteration, and consideration of the outcomes of the research to date, the work on the second iteration focused on:

· Enabling the Metadata Broker to deal with multiple schemas, versions and encodings

· Moving the design of the Metadata Broker into a services oriented environment operating as realizable web services components 

· Hypothetically re-engineering the work process used as the instantiation case to maximize use of data currently ‘locked’ into specific documents and forms of document.

5.7
Dealing with Multiple Schemas, Versions and Encodings

The first iteration of the prototype was constrained by the extent of the scenario, demonstrating translation between only one version of a metadata schema, one representation of each schema and only one encoding of the crosswalk between specific schema. In reality, the requirements will be much more complex requiring interaction between multiple schemas, encodings and crosswalk representations of the schemas. 
Other research projects have been investigating metadata repositories, most particularly for managing crosswalks
. Within this project the Research Team conceptualized the use of metadata translations as a service (Translation Service), dynamically generating the required translation. This involves invoking a crosswalk, and the translation between the source input and translated output in the form of machine processable metadata, along with validation of the results. This particular use of crosswalks is distinct from other research projects, and may involve the invoking of other repositories of crosswalks, rather than replicating that functionality. To develop this concept further another group of services, referred to as the Crosswalk Compiler service, was added to the Project requirements.

5.8
 Metadata Broker in a Service Oriented Architecture

The CRKM Metadata Broker I demonstrated limited interoperability between business, records management and archival control applications as they are currently conceptualized and configured. The CRKM Metadata Broker I was conceived as a form of middleware operating as an application independent service for translating metadata between schemas. Applications would call on the services of the CRKM Metadata Broker I when they need to translate data between schemas rather than having to separately build their own translation capabilities. However the viability of this approach requires an operational environment where interoperability is a given and where recordkeeping processes are integrated to business processes. It also requires the data for translations to be available in machine processable forms.

Conceptualising the CRKM Metadata Broker in a service oriented architecture environment involved reconfiguring the Broker itself to become a cluster of web services. The main reasons for exploring this approach for recordkeeping relate to improving flexibility (ability to cope with change), scalability (ability to be seamlessly extended) and robustness (ability to extend situationally and cope with the unforeseen). Service oriented architectures rely on modules or components of functionality that can be dynamically assembled to carry out business processes. To explore this environment for recordkeeping metadata reuse, the Research Team focused on abstracting autonomous, re-usable functional units and building metadata management capabilities to support their automated use. 
Web services in this environment are available through service registries containing public descriptions of the service that enable them to be discoverable in the public domain. Calls to the service registry identify and locate the specific service required, which is then invoked on request, using well defined interfaces and contracts. The technology base is built upon development of independent, loosely coupled components which are self describing, and ‘neutral’ or not dependent on how the service is implemented. Services interact with each other using secure, reliable and trustworthy internet communications protocols as connectors. More complex services can be constructed from less complex or more detailed services. All development is done using open, platform independent standards. This environment requires metadata interoperability as a core foundation building block – it is not a nice add on, but a pre-requisite to service oriented architectures. It also opens the opportunity to achieve business process management defined through ‘orchestrations’ calling on service components as required by the process, rather than the application centric workflows that have been achievable to date, a prospect of much interest to recordkeeping
. 
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Figure 9: Web Services in Service Oriented Architecture
Reconceptualising the Metadata Broker for deployment in a service oriented architecture involved disaggregating and defining the functionality as small, independent but related service components. The Research Team specified constituent service components in the CRKM Metadata Broker II for:

· Translation services: which call on the repository of schema and cross walk objects

· Crosswalk compilation services: which enable the dynamic creation of mappings between schemas

· Validation services: which allow for validation of the inputs and outputs of the translation service

· Registry services consisting of:

· a registry containing authoritative information on metadata schemas, metadata elements and crosswalks in human readable and machine processable forms

· A repository containing the machine processable representations of metadata schemas and crosswalks 

[image: image10.png]Source metadata

Regiuation

Requestfor Schems

Validation Service
4 4

Translation Service

4

Crosswalk Compilation Service

Target metadata

‘Schema information





Figure 10: Conceptualisation of CRKM Metadata Broker II

A working prototype of the CRKM Metadata Broker II as a fully functioning cluster of web services was not achieved within the second iteration. However, a partially working registry and workflow client were created. The Research Team used the open source application freebXML to explore registry functionality. FreebXML is compliant with ebXML Registry specifications which provide technical specifications for secure and persistent management of content objects in service oriented environments. A CRKM Registry was created as an application profile of ebXML registry including WSDL descriptions of its services, the services of the CRKM Metadata Broker II in general and made these available for ingestion into UDDI Registries. The CRKM Registry enabled calling on other metadata repositories as sources of recordkeeping metadata, particularly the MADRAS registry created in the Description Cross Domain work of InterPARES 2. The CRKM Registry functionality was also defined to maintain records of versions of encodings, and included a Provenance Information Model which enabled creaters and owners of registry objects to be documented. Similarly the functionality included an event information model to track changes to and usage of registry objects.

The development of an operational crosswalk compilation service requires machine processable expressions of metadata schema, which, as noted in the outcomes of the first iteration work, are not yet available.

A number of technical problems were also encountered in the project. 
· The absence of semantically sound, canonical, and machine processable encodings of metadata schema (as revealed in the first iteration)

· The use of freeXML registry services

· The absence of the notion of validation in ebXML registry functionality

· The fragility of the technical applications (they could be faked, but only erratically demonstrate live operations in the true service environment)

· Limitation of XSLT to provide complete encoding of mapping between schema

5.9
Hypothetical Re-engineering of Work Process for Case Study in Second Iteration

The Research Team, assisted by Hans Hofman, a member of the Advisory Committee, workshopped the work process case study of policy development, analysing and identifying metadata inherited by and generated within the work process which was potentially available for re-use in various recordkeeping processes. Metadata broker functionality was integrated into the re-working to illustrate the possibilities of automatic capture and re-use of recordkeeping metadata.

The predominantly paper based process and process definition was an inhibitor to recordkeeping metadata re-use as identified in the first iteration of the Project. However, with the limited functionality of the second iteration of the CRKM Metadata Broker, this work on re-figuring the process did not progress beyond the theoretical stages. 

5.10
Outcomes of the Second Iteration

The outcomes of the second iteration include:
· Conceptualisation of the functionality of the CRKM Metadata Broker II as a cluster of services in a service oriented architecture. 

· Understandings of recordkeeping in the context of a service oriented architecture.

· Successful use of XML technologies providing the foundations for compliance with a service oriented architecture.

· Functionality based on open and non-proprietary formats and technologies supports the case for flexibility, scalability and consequently cost/benefit.

· Translation beyond a web services environment into a fully realised service oriented architecture is outstripping implementation reality, with current technology constraints illustrating that truly service oriented implementations are really things of the future

· Our community has an opportunity to evolve towards that future via web services used initially to wrap legacy systems to achieve data interoperability as we progressively move towards decomposing and re-engineering recordkeeping functionality as services and creating appropriate business process and rules infrastructure.

· There are significant barriers to interoperability within our current metadata standards and in our current records management and archival control frameworks. 

· Recordkeeping metadata schemas are designed for human rather than machine processing and at abstract rather than representational level. Semantics are imprecise and ambiguous – particularly with mix of entity and relationship description.

· Recordkeeping control tools are designed for paper records management – for example for true interoperability, we want to have access to recordkeeping requirements in machine processable forms rather than as values derived disposal classes. This will require rethinking and redesigning recordkeeping systems

6.
Project Findings and Conclusions

The findings of the CRKM Project are expressed broadly below and then summarised into 6 major Outcome Areas. Each Outcome Area is briefly discussed. The research findings are further explored in publications coming out of the project, which are anticipated to continue into 2008.

Broad Research Findings:

· There is currently a limited capacity to support recordkeeping metadata re-use because recordkeeping processes, practices, standards and infrastructure still largely operate in paper-based paradigms.

· Current recordkeeping metadata standards lack semantic precision, and canonical machine processable encodings, both of which inhibit their uptake. 

· Deployment of a metadata broker modeled on the CRKM Metadata Broker I will provide immediate practical use in environments where recordkeeping metadata is to be passed from one known environment to another, for example between a specific business system and a records system. 

· However the CRKM Metadata Broker I model is of limited flexibility, scaleability and robustness, as it relies on hand crafted metadata crosswalks.

· The notion of Metadata Registries as currently in use in the literature is a compound concept which needs to be broken down into more granular statements of functionality which include different uses of the term ‘metadata registry’ to include authoritative schema registries, and multiple functionality required to support specific services. 

· The emergence of services oriented environments and the re-articulation of metadata broker components as services fully compliant with this service oriented environment, as per the CRKM Metadata Broker II model, will provide much greater return on investment and cost effectiveness.

· The services oriented environment is much hyped, and represents a significant shift in the technology environment which is very likely to occur, but the reality of sustainable implementation is likely to take 5-10 years.

· The recordkeeping profession has an opportunity with this anticipated lead time to both re-envision recordkeeping functions and processes in service oriented terms and to address and influence the broader technology community on the role of recordkeeping in the service oriented environment. 

6.1 Outcome Area 1: Effects of Different Information Paradigms on Metadata Interoperability

Summary Statement: Different information paradigms (e.g. recordkeeping vs information resource discovery) as expressed in metadata affect interoperability capacity because of different semantics within elements that look superficially similar.

Brief discussion:

The inherently different world-views and disciplinary perspectives of creators of metadata standards affect the extent to which metadata interoperability can be achieved. While the names of metadata elements may be the same, the meaning and purpose of elements that appear superficially similar, may be quite different. Metadata standards must be clearly expressed, using emerging sophistication in metadata semantic definition, and clearly identify any implicit meaning in their element definitions. The hand crafted crosswalks between metadata standards that are the current norm in explorations of metadata, where a human interpretation of equivalence is both potentially subjective and inherently passive, do not enable or take advantage of dynamic generation of translations, and thus inhibit technologically driven interoperability. 

Summary findings:

· Re-use can be decomposed into a number of different areas, each with different implications for metadata re-use and deployment of the translation services component of a metadata broker:

· Representation: rendering in different forms using translation brokering

· Repositioning: moving metadata elements into different metadata schema constructs (eg moving agent element from one scheme to another)

· Reprocessing: actually using the metadata values – therefore much greater emphasis and importance on the semantic interoperability issues

· Cross walks and translation services are a passive and not very interesting re-use of metadata, particularly for recordkeeping purposes. To effect better and more robust interoperability, we need to move into a more dynamic and flexible model.

6.2
Outcome Area 2: Recordkeeping Metadata Standards

Summary Statement: Abstract modelling techniques need to be employed in the development of recordkeeping metadata standards to ensure semantic precision. Standards need to be expressed in robust canonical machine processable versions as well as in human-readable forms.

Brief discussion:

Australian recordkeeping metadata standards have lead the world as exemplars. Close and more sophisticated analysis in the research environment identified the inherent paper based and human centric bias of these standards, perhaps not surprising given their age and the speed of technology change. The failure to make canonical encodings in XML as part of the process of standardisation has led to the limited uptake of the recordkeeping metadata standards. At the same time, the research uncovered various inconsistencies, loose terminology and semantic imprecision in their published statements. Working within a records continuum framework, and seeking to leverage recordkeeping into business environments, the research clearly identified the limitations of a data models for recordkeeping metadata standards that cannot represent multiple recordkeeping entities and their relationships. 

Summary findings:

· Recordkeeping metadata standards are too human oriented, without robust canonical machine processable versions, and at the same time, they are not abstract enough. 

· Infrastructure issues in the technology to implement recordkeeping metadata in the service oriented architectures highlight problems with our industry metadata standards. We require:

· Canonical and authoritative encoding of recordkeeping metadata schemas in XML

· Encoding schemes within elements/element refinements need to be expressed in XML

· The entity and relationship models for recordkeeping metadata schemas need to address the complexity of implementation, in order to support the re-use of metadata. 

· Technological issues, including obsolescence need to be taken into account in the construction of metadata schemas. For example, we were constrained in building interoperability into the prototype because a number of tools we needed to employ were written pre XML (e.g. X500). We need the capacity to render conceptual and standard metadata in the most up to date/applicable technologies. This is a tension, because at the same time we must guard against being constrained by the technology to write the standards in ways that privilege or only deal with the constraints of the prevailing technology.

· Some semantic expression in our core conceptual recordkeeping metadata articulation require greater clarity in definition – for example, the relationship of business transaction (object) and records transactions (object); or the distinction between functional classification and title, in some schemes. Rigorous models are needed to assure semantic precision.

· Logic all points to the implementation necessity of relationship as a recordkeeping entity in its own right, but the metadata associated with this entity is quite different from that of the other entities and it has yet to be defined clearly.

· Recordkeeping processes need better definition and greater standardisation. This becomes a critically important encoding scheme for event history.

6.3
Outcome Area 3: Paper Paradigms Prevail

Summary Statement: Paper paradigms and thinking still dominate recordkeeping practice and standards development as revealed when exploring opportunities for clever capture and re-use of metadata. 

Brief discussion:

In examining existing technology and work processes for opportunities for clever recordkeeping metadata reuse, the inherent restrictions of working in what is still a predominantly paper based environment were revealed. Where potentially useful information for recordkeeping is available it is often embedded in traditional documentary forms, and unable to be exploited. The design of the Metadata Broker proposed in this project enables translation services to be invoked by business processes in flexible and dynamic ways. Even with our current concepts of electronic recordkeeping, the granularity at which our recordkeeping control tools operate are not detailed enough. When we begin to think in terms of services oriented environments, these control tools will need to be robust and available for deployment in very different ways. 

Summary findings:

· Records and business processes are not treated as potential sources of metadata – therefore potentially useful information for re-use purposes is not identified, tagged and made available for reuse.

· Our scenario illustrated the extent to which metadata, with great potential for re-use, is captured in business processes, but the opportunity for re-use within other business processes that arise from this capture is often not able to be exploited. Even if recognised, this existing metadata is not expressed in uniformly recognised metadata syntax, nor made known outside its creation context and thus not made available for reuse. 

· There is a disjunction between the granularity in the articulation of our recordkeeping tools (such as classification schemes, process analyses) and the much more refined layers of granularity required for electronic recordkeeping.

· An approach that relies on rendering existing tools into XML will not provide the desired outcomes.

6.4
Outcome Area 4: Re-conceptualising the Delivery of Recordkeeping Services

Summary Statement: Implementing recordkeeping metadata instances raised a number of issues concerning the current articulation of recordkeeping which was revealed to be too imprecise for immediate use in electronic process oriented recordkeeping instances. More precise, and potentially different, methods of expressing recordkeeping functionality and outcomes, and consequently, more precise (or different) metadata expression is required. Beyond this, moving to an environment using service based components, requires a re-expression of recordkeeping functionality which is challenging for current recordkeeping practitioners. The research identified a number of areas which are potentially of interest to recordkeeping and these are bookmarked below.

Brief discussion:

The research identified many points at which recordkeeping concepts were in need of further exploration to devise articulations to facilitate automatic implementation of electronic recordkeeping. Expression of many of the core recordkeeping concepts and their expression in our current recordkeeping control tools are too highly abstracted and commonly expressed at levels of aggregation which are too high to enable immediate implementation in process oriented electronic recordkeeping. The practice and theory of appraisal need to be enriched by considering issues of metadata management from the point of creation. The implicit meanings inherent in our tools and the metadata representations of recordkeeping elements need to be made explicit. The research project did not explore these areas in depth, but bookmarked them for further exploration. 

Summary findings:

· Recordkeeping relationships are revealed to be increasingly powerful ways of expressing the characteristics of records. Initial exploration of relationships identifies that many aspects of recordkeeping can be expressed as statements of relationship – eg role (relationship between an agent entity and a function entity), aggregation (relation between layers within one entity) etc. Further exploration is required to define the extent to which relationships can be exploited for recordkeeping purposes, and consequent expression of relationships in formalised metadata syntax is also required.

· The expression of an element value is often an abbreviation of the full set of metadata associated with its aggregation (eg Joe Bloggs, is really an abbreviation of an assumed wider context - Joe Bloggs, Research Puddler, Faculty of Information Technology, Caulfield, Monash University). Not exposing these implicit assumptions inherent in the abbreviation inhibits appropriate translation between metadata elements defined in diverse metadata schema and thus impacts re-use, automatic translations and interoperability.

· Tools for assisting in decision making about how to define the boundaries of the contextual assumptions in practical implementation environments are required. This is an extension of the traditional concept of appraisal. An appraisal decision is required to define the extent of the contextual assumptions within an implementation environment – when and in response to what conditions should implicit metadata which is assumed within a certain environment be made explicit and therefore available for other implementation environments to exploit? 

· Further exploration of concepts considered to be the province of ‘archival’ considerations are likely to reveal relevance for implementation of electronic recordkeeping for cross organisational processes, eg the specification of external contextualisation (beyond the immediate transactional context), unique identification beyond the transactional context, ownership, definition of rights inherent in transactions etc.

· In electronic processing environments, the notion of a record is revealed clearly as a construct – the result of a number of individual components which together cumulate to be the record. Defining what individual components are involved and where the record should be captured are acts of selection, an aspect of appraisal. In some instances, the ‘capture’ of a recordkeeping transaction as a composite of multiple smaller business transactions, could also be an act of assertion that the business transactions have taken part in a routine, valid, reliable process, thus potentially adding an authentication role to the notion of record.

· To enable exploration of this increasingly disaggregated transaction environment and the role of records in it, much greater standardisation is required for recordkeeping analysis of work processes. Such standards need to deal with representational issues if they are to play a role in enabling interoperability.

· Continual assessment of emerging computing techniques such as event centric and role based computing, and the capacity to find recordkeeping connections with emerging techniques is essential to embed recordkeeping capacity into future electronic environments.

6.5
Outcome Area 5: Web Services Orientation for Recordkeeping

Summary Statement: More flexible and dynamic recordkeeping in the Internet-enabled world is imperative in order to achieve interoperability, as highlighted by the opportunities for recordkeeping in true service oriented architectures. Significant exploration of this environment by recordkeepers is essential to enable appropriate responses. As an interim step the use of limited web services (rather than fully transformed service oriented approaches) to wrap legacy systems (hardwired solutions) will enable some immediate returns. 

Brief discussion:

The outcomes of building a limited functionality metadata broker in the middleware environment quickly demonstrated the requirements for greater flexibility, extensibility and robustness to generate dynamic metadata translations. The emergence of truly service oriented architectures (SOA) within the computing field, while generating much hype, and possibly 5-10 years away from full realisation, offers great potential to re-think and re-engineer recordkeeping functionality, processes and delivery in this environment. Granularity of expression of recordkeeping functionality and processes as services, and working with ‘orchestrations’ in this environment, offer attractive potential for recordkeeping. In the interim, however, the availability of the CRKM Metadata Broker model as a web service offers immediate relevance to organisations seeking to improve recordkeeping interoperability between known systems.

Summary findings:

· Conceptualisation of records services in the SOA environment is at a much greater degree of granularity than required in the paper world – for example, portions of services will aggregate to form a records process (translation services are only one component of records capture, and similarly a component of a number of other records processes).

· The conceptualisation of recordkeeping will affect how the articulation of services is defined and realised. For example we hypothesise that definitions of records services such as ‘capture’ articulated by NARA in their FEA services for records management, embodying a life cycle concept, will be different to those articulated using a records continuum conceptual approach.

· We anticipate significant functionality, yet to be articulated, associated with records services in particular areas. In particular, the use of rules based services may be particularly useful for the expression of mandate and recordkeeping events. Monitoring services also seem particularly likely. These are not a part of electronic recordkeeping functionality commonly specified today. However, a service component approach to defining monitoring services may involve areas such as checking formats (how many Word 2 docs left?) for migration processes, or monitoring changes to systems residing external to the records system used to source metadata values - for example, monitoring an X500 directory for any changes to position, contact details etc.

· We hypothesise, and find emerging evidence to support the hypothesis, that defining recordkeeping as service components will alter the architectural options available to recordkeeping – both potentially away from monolithic records or content management applications, and also in providing radically different recordkeeping options to implement recordkeeping functionality through flexible interfaces to business application systems never designed to be records systems. 

6.6
Outcome Area 6: Metadata Registry Functionality and General robustness of Technology Infrastructure 

Summary Statement: Instantiation of the demonstrator in different technical environments revealed the lack of robustness of open source services oriented architecture components. Similarly, the research revealed different requirements for metadata registry functionality operating at different levels of granularity to support recordkeeping reuse and interoperability. 

Brief discussion:

The research deliberately focussed on emerging computing environments and particularly those that were open and standards based. This led to technology frustrations as the maturity of those technologies proved less than claimed. However, in the process, the conceptual understandings of the role of metadata registries within that environment was explored leading to the development of potentially productive new fields of influence to inject recordkeeping understandings and concepts into the service registries. Similarly, a much improved articulation of the multiple roles of metadata registries in implementing recordkeeping interoperability was achieved.

Summary findings:

· The research was frequently frustrated by constraints imposed by technology: 

· The SOA component technology selected for use in the demonstrator, sourced from in the public domain, proved inherently unstable; 

· The technology available cannot appropriately undertake authentication and validation; 

· Schema construction is not robust. 

· Metadata registries need to be specified to undertake different functionality at different levels of operation. Elements and semantics from multiple systems need to be progressively registered on an ongoing basis. This provides an accumulating but not onerous mechanism to enable metadata element capture and re-use. Such metadata structuring needs to be done in schemes sourced to systems as well as to schemes relevant to industry for context issues.

· Multiple and repeated use of metadata translation services in different ways in all registries is envisioned.

· Registration of elements/schemas should not be hierarchical, but relational, to enable as much re-use as possible, and this may affect the metadata semantics inherent in inherited meaning where hierarchy is a crucial element in schema design. 

7. Project Deliverables

The CRKM Project delivered a number of interconnected practical and research products. Practical and research findings were also disseminated throughout the course of the project via a variety of publication and presentation activities.
7.1
Practical Deliverables
Conceptualisation of a Clever Recordkeeping Metadata Broker

A conceptualisation of a Metadata Broker to enable sustainable and scalable recordkeeping metadata interoperability. The CRKM Broker was conceived as a cluster of services to enable application independent translation of metadata instances between schemas. It features translation, registry and repository components. The conceptualisation of the registry and repository components were based on the ebXML Registry specification and involved the development of a registry information model (CRKM RIM) to describe the temporal and spatial dimensions of metadata schemas. 
The conceptualisation of the CRKM Broker in general and the CRKM Registry in particular is discussed in Chapter 6 of the Building Capacities for Sustainable Recordkeeping Metadata Interoperability thesis. 
CRKM Metadata Broker I: First iteration prototype 

An implementation of a translation service to support the policy development – publishing – archiving workflow of the first iteration. The first iteration prototype featured metadata re-use between selected elements of three key metadata standards: - namely the Recordkeeping Metadata Standard for Commonwealth Agencies (RKMSCA), the Australian Government Locator Service (AGLS), and the Commonwealth Record Series (CRS). It incorporated the creation of XML instances of selected recordkeeping metadata elements for the sample records, XSL representations of the crosswalks between these instances, and an interface to apply these crosswalks to the metadata instances. 
The source code and technical documentation of the CRKM First Iteration Prototype is available at http://www.infotech.monash.edu.au/research/groups/rcrg/crkm/method.html. The report of the first iteration is also available at http://www.infotech.monash.edu.au/research/groups/rcrg/crkm/docs/rpt-firstiterationv3.doc.
CRKM Metadata Broker II: Second iteration prototype 

An implementation of translation and registry/repository components of a metadata broker using Web services technologies as illustrated in Figure 11.
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                   Figure 11: Software architecture of second iteration prototype
A demonstrator client application allows for interaction with the Registry and Translation Services. This application also incorporates a workflow engine to illustrate how calls to the Registry and Translation Services could be incorporated into a defined workflow.
The second iteration prototype is available as an installation package on DVD. Please contact Professor Sue McKemmish (sue.mckemmish@infotech.monash.edu.au) for more information.
Survey of Registry Initiatives
A survey of metadata registry initiatives undertaken to determine their relevance to the conceptualisation and prototyping of the registry component of the CRKM Broker. A number of registry standards and specifications, prototypes and other relevant initiatives were examined in order to establish and compare their purpose and context, intended uses, intended user, intended mechanism(s) of population and their intended dimensions of its operation. 
This description and analysis of the registry initiatives is detailed in Appendix B of the Building Capacities for Sustainable Recordkeeping Metadata Interoperability thesis. How this survey informed the conceptualisation of the CRKM Registry in terms of a component within federated information architecture is discussed in Chapter 6.
CRKM Registry Information Model (CRKM RIM)
The information model of the CRKM Registry, the CRKM RIM, illustrates the layers of identification and description that need to be incorporated into metadata standard publication activities in order to facilitate interoperability and machine processing.

The derivation of the CRKM RIM is detailed in Chapter 6 and Appendix C of the Building Capacities for Sustainable Recordkeeping Metadata Interoperability thesis.
Building Capacities for Sustainable Recordkeeping Metadata Interoperability
Joanne Evans’ PhD thesis exploring requirements for the movement of recordkeeping metadata across technical, temporal and spatial boundaries in sustainable ways. It incorporates details of the development of a number of the practical products of the CRKM Project outlined above and below as well as discussing improved understandings of recordkeeping metadata, interoperability and recordkeeping metadata interoperability arising from the research.
Instrument for analysing the recordkeeping and archiving capabilities of metadata schemas
Part of the PhD research involved the development of a process by which the recordkeeping and archiving capacities of metadata schemas could be assessed. This involved the creation of a worksheet for analysing metadata schemas against emerging warrants for recordkeeping metadata and was undertaken in conjunction with the InterPARES2 Description Cross Domain as part of the development of the MADRAS registry. Subsequent interest in the analysis process by ISO/TC 46/SC 11/WG 1
 as part three of ISO 23081, along with its reflective evaluation within the PhD research, led to its revision based on the adoption of a decision tree approach. A revised analysis worksheet based around systematically determining how recordkeeping entities and their relationships are represented in a schema was produced and made available to the ISO 23081 working group and the developers of the MADRAS Registry. Creating this worksheet showed the need for more rigorous conceptual modelling of recordkeeping metadata along with greater clarity as to the attributes of recordkeeping entities and relationships in warrant activities.
The development of the analysis process is detailed in Chapter 4 of the Building Capacities for Sustainable Recordkeeping Metadata Interoperability thesis with guidelines for its application reproduced as Appendix A. Its subsequent revision is described in Chapter 8 and the revised analysis worksheet is presented in Appendix D.

Critique of a sample of existing recordkeeping metadata schemas
The development of the analysis process involved its application to a selection of existing recordkeeping metadata schemas. This formed a useful critique of their ability to meet the recordkeeping metadata requirements expressed in the warrants and highlighted individual deficiencies. A particular finding across a number of schemas was the lack of provision for metadata about the metadata record indicating that in their conceptualisation the notion that metadata is itself a record had not been adequately taken into account. The analysis of the selected schemas also highlighted the overall lack of penetration of recordkeeping metadata standardisation activities into representational layers which impacts on their ability to facilitate interoperability.
The results of analysing the selected schemas is detailed in Chapter 4 of the Building Capacities for Sustainable Recordkeeping Metadata Interoperability thesis. 

Input to IT21/7, Standards Australia Sub Committee on Recordkeeping Metadata and Part 2 ISO 23081, International Standard on Recordkeeping Metadata

Various members of the Research Team and Advisory Committee were significantly involved in the Australian work to define recordkeeping metadata standards. This work was developed and documented within the Australian context, and involved developing high level models for recordkeeping metadata relevant to each entity connected to recordkeeping. UML models were also developed. This work was then incorporated with minor changes into the Part 2 of ISO 23081 which was being developed concurrently. The publication of the ISO 23081 Part 2 is expected in July 2007.
The development of the UML models is discussed in Chapter 8 of the Building Capacities for Sustainable Recordkeeping Metadata Interoperability thesis.

Input to ISO 23081, International Standard on Recordkeeping Metadata

As noted above, the development of a process for analysing the recordkeeping and archiving capabilities of metadata schemas in conjunction with the InterPARES2 Description Cross Domain as part of the development of the MADRAS registry was of interest to the ISO/TC 46/SC 11/WG 1. With the analysis tool providing a means of evaluating the compliance of metadata schemas with the specifications outlined in Part 1 of ISO 23081, the decision was made to develop it as part 3 of the ISO 23081 standard. Evaluation and refinement of the initial analysis instrument, informed by understandings of recordkeeping metadata arising in the CRKM research, suggested that a more reliable measure of capabilities could be achieved by adopting a decision tree approach. This led to a revised analysis worksheet involving the systematic determination of:-
· what recordkeeping entities and relationships a schema is capable of describing, 

· how these recordkeeping entities and relationships are represented,

· what properties of these recordkeeping entities and relationships are incorporated in those representations, and

· at what layers of aggregation.
The development of this revised worksheet highlighted issues with Part 1 of ISO 23081 regarding the precision and rigour with which recordkeeping metadata requirements had been specified and whether archiving dimensions had been adequately taken into account. Such feedback will inform its further development.

The critique of ISO 23081 arising out of the evaluation and revision of the analysis process is described in Chapter 8 of the Building Capacities for Sustainable Recordkeeping Metadata Interoperability thesis. The revised analysis worksheet is presented in Appendix D.

Input to Australian Digital Research Initiative: Digital Record Export Standard

The ADRI Digital Record Export Standard to aid in the export of records from recordkeeping systems and hence their movement through time and space. Members of the CRKM research team prepared a submission to this initiative seeking greater conformity with recordkeeping metadata standards and advising the desirability to ensure that metadata standards emerging from different projects and initiatives maintain consistency. This work has now been included in a wider international project UN/CEFACT – ICA eArchiving Digital Record Exchange Standard.
7.2
Research deliverables

Recommendations for the future development of recordkeeping metadata standards to support interoperability rather than just compliance
The work of the research team has been distributed via various channels to the international recordkeeping metadata community and particularly contributed recommendations on the need for rigorous and precise definitions of recordkeeping metadata that can be expressed in machine processable language. The use of UML modeling techniques as a means of communicating recordkeeping requirements was advocated. The necessity for canonical machine readable versions of schemas was also strongly advocated.

Understandings of web services and SOA; relevance to recordkeeping; role of recordkeeping in these emerging environments 
As the project moved into explorations of service oriented architectures it became clear to the research team that this was a rich avenue of future opportunity for the recordkeeping community. Papers and presentations emerging from the project commenced the process of awareness raising within the recordkeeping community – a process which has much further to go. Similarly the importance of incorporating recordkeeping in the service oriented paradigms being promoted by the eGovernment community was advocated. 
Exemplar of use of research design and method in archival science

The methodology used in this research and the use of rapid prototyping were innovative approaches for use in recordkeeping research. Documentation of this approach was developed as research papers published in an issue of Archival Science dedicated to research methods. 
7.3
Publications and Presentations

At the time of writing the final project report, these were the published, presented or forthcoming publications from the Project. Further publications detailing the research outcomes are anticipated into 2008 and will be made available on the project web site as they become available – see http://www.infotech.monash.edu.au/research/groups/rcrg/crkm/.
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� Australian National Audit Office ‘Recordkeeping including the Management of Electronic Records’ 2006


� HYPERLINK "http://www.anao.gov.au/director/publications/auditreports/2006-2007.cfm?item_id=4FA72EF31560A6E8AAB9AFCAAB3EABB6" ��http://www.anao.gov.au/director/publications/auditreports/2006-2007.cfm?item_id=4FA72EF31560A6E8AAB9AFCAAB3EABB6�


‘Recordkeeping in Large Commonwealth Organisations’ 2003 � HYPERLINK "http://www.anao.gov.au/uploads/documents/2003-04_Audit_Report_7.pdf" ��http://www.anao.gov.au/uploads/documents/2003-04_Audit_Report_7.pdf�


‘Recordkeeping’ 2002 � HYPERLINK "http://www.anao.gov.au/uploads/documents/2001-02_Audit_Report_45.pdf" ��http://www.anao.gov.au/uploads/documents/2001-02_Audit_Report_45.pdf�


� See ‘Figure 4 Coverage of Recordkeeping Metadata’ in Sue McKemmish, Glenda Acland, Nigel Ward and Barbara Reed ‘Describing Records in Context in the Continuum: The Australian Recordkeeping Metadata Schema’ Archivaria No 48, Fall 1999, p. 15.


� � HYPERLINK "http://www-128.ibm.com/developerworks/webservices/newto/" �http://www-128.ibm.com/developerworks/webservices/newto/�


� For example, the metadata registry research and practice pursued in projects such as DESIRE, SCHEMAs, CORES, Meg


� Recordkeeping interest in workflow technologies is a long standing one, with a number of strands including the notion of records as enablers of business, registry systems as workflow systems, and reconceptualising the presentation of work as tasks rather than applications as explained in John MacDonald’s ‘Managing records in the modern office: taming the wild frontier’ Archivaria, 39 (Spring), 70-79


� ISO TC 46 Information and Documentation, Subcommittee 11 Archives/Records Management/ Metadata working group
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