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Introduction  

As indicated in the proposal for the CLIF project, the concept of a content lifecycle is not a new one.  

Records managers have long recognised its importance to their work.  Projects within the JISC 

Supporting Institutional Records Management programme in 20031 covered this and looked to build on 

the previous JISC Study of the Records Lifecycle project (Parker, 2000).  The lifecycle being described in 

these studƛŜǎ ƛǎ ƴƻǘ ƭƛƳƛǘŜŘ ǘƻ ŘƛƎƛǘŀƭ ŎƻƴǘŜƴǘΣ ōǳǘ ŀƭƭ ŎƻƴǘŜƴǘ ǘƘŀǘ ƳƛƎƘǘ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŀ ΨǊŜŎƻǊŘΩΦ  ¢ƘŜ 

lifecycle concept has also, though, been specifically adopted where records management has moved 

into the digital arena.  The MoReq2 specification2 for electronic records management systems refers to 

the document lifecycle, though it is not an extensive part of the document.  In the commercial world of 

enterprise content management (ECM) there is much consideration of how the content lifecycle can be 

improved to maximise the benefit the content offers a business, and there is no shortage of commercial 

offerings to enable this3. 

As digital content has become more and more prevalent in business and other walks of life there have 

been equivalent developments in the provision of systems and associated businesses to assist in 

managing it.  The ECM systems referred to in the previous paragraph are one example of a system being 

designed solely for that purpose. In a presentation at the Digital Preservation Coalition (DPC) workshop 

ΨtǊŜǎŜǊǾŀǘƛƻƴ ƻŦ Ŝ-[ŜŀǊƴƛƴƎ aŀǘŜǊƛŀƭǎ ŀƴŘ /ƻǎǘ aƻŘŜƭǎ ŦƻǊ 5ƛƎƛǘŀƭ tǊŜǎŜǊǾŀǘƛƻƴΩ ƛƴ нллнΣ aŜƎ .ŜƭƭƛƴƎŜǊ 

from OCLC described the approach OCLC was taking to developing digital life cycle management 

services.  This revolved around how a third party could support preservation.  This contrasts with the 

ECM commercial approach of selling a system, but reiterates the idea that the digital lifecycle requires 

active management (Granger, 2002). 

Many other systems designed to provide a specific functional purpose also incorporate content 

management capability, as quite often the system has to hold the content in order to carry out its other 

functions, e.g., the ability of virtual learning environment (VLE) systems to hold content that can then be 

used for teaching & learning.  There are thus many approaches to managing digital content. 

The approach of using the content lifecycle to guide the management of content, by applying the 

content lifecycle concept to a specifically digital environment, is an evolving one. At the same DPC event 

referenced in the paragraph above Helen Shenton from the British Library (BL) ŘŜǎŎǊƛōŜŘ ǘƘŜ .[Ωǎ work 

in defining a content management lifecycle for the increasing amount of digital content being acquired 

by the Library.  The investigation of such a digital lifecycle sought to see how traditional models for 

managing the lifecycle of print resources could be adapted.  The BL also sought to identify how to 

allocate practical resources to dealing with different stages of the lifecycle. 

The evolution of a digital content lifecycle can thus be considered from two perspectives: 

                                                        
1
 JISC Supporting Institutional Records Management programme, http://www.jisc.ac.uk/whatwedo/programmes/supportingirm  

2
 MoReq2 specification, http://www.moreq2.eu/index.htm  

3
 For example, see http://www.ecmconnection.com/article.mvc/Learn-From-Content-Lifecycle-Transformation-0002 or 

http://www.opentext.com/2/global/sol-products/sol-pro-extensions-microsoft/pro-clm-sp-edocs.htm  

http://www.jisc.ac.uk/whatwedo/programmes/supportingirm
http://www.moreq2.eu/index.htm
http://www.ecmconnection.com/article.mvc/Learn-From-Content-Lifecycle-Transformation-0002
http://www.opentext.com/2/global/sol-products/sol-pro-extensions-microsoft/pro-clm-sp-edocs.htm
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- Retaining emphasis on the process that is being performed, irrespective of the system, manual 

or digital, which is being used to carry out the management.  This takes the records 

management view as a starting point, where the focus is the record itself, not the system. 

- Giving attention to the system or systems involved in facilitating the management of the 

content lifecycle, to understand how these systems can be best utilised to support the lifecycle 

management of the digital content.  ¢ƘŜ ǘŜǊƳ ΨǎȅǎǘŜƳΩ ŎƻǳƭŘ ƘŜǊŜ ǊŜŦŜǊ ǘƻ ƴƻƴ-technical 

organisational systems as well as technical ones, though the emphasis here is on the latter. 

This literature review takes as its starting point the need to understand better the second of these 

perspectives, though recognising that they are often blurred.  It does not aim to produce or summarise 

the many different examples of lifecycle in existence, but instead addresses the issues that have 

emerged through developing or examining such lifecycles.  In doing so, there is a related need to better 

understand the first perspective above so we can appreciate what systems are being asked to do as well.  

Examples of the literature addressing both perspectives have been drawn on, with the aim of informing 

technical development within the CLIF project, and potentially elsewhere, on how the digital content 

lifecycle can be managed across different systems at different stages of the lifecycle. 

The description of the literature has been divided up into a number of themes, as listed below.  These 

are somewhat arbitrary in nature, but represent those areas that emerged from the literature as the 

most useful way of understanding the digital content lifecycle for the needs of the CLIF project. 

¶ Content lifecycles 

¶ Lifecycles and digital preservation 

¶ Lifecycles and content management 

¶ Technology and the lifecycle 

¶ Living the lifecycle 

¶ Standards 

¶ The knowledge lifecycle 

¶ Developing the lifecycle 

¶ Conclusions 

The literature review starts, however, with a brief consideration of the terminology used to help provide 

a degree of consistency in reporting this multi-faceted field. 

Terminology  

In researching the literature, it is apparent that the terms digital, lifecycle (or life cycle), and content 

have been used and referred to in a variety of ways and in different combinations.  Some papers refer to 

the digital lifecycle, some to content lifecycle, some to the digital content lifecycle.  The latter has been 

used as the preferred term for this review, and differences in definition highlighted where these are 

considered valuable.  The differences possibly highlight a lack of definition or meaning about what is 

being described, and some of these differences are discussed further in the text. 
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There is also a discrepancy in whether what is being described is a life cycle or a lifecycle.  The latter is 

used for consistency except where it is referenced as a direct quote, although there does not appear to 

be any particular preference for one or the other in wider usage. 

Content lifecycles  

The Digital Curation Centre (DCC) Curation Lifecycle Model is one of the major outputs from the Digital 

Curation Centre, and reflects the coming together of a body of views and models for managing digital 

preservation.  The initial draft publication of this (Higgins, 2007) highlights that the Lifecycle Model is a 

generic overview, and that more granular functionality can be mapped onto it according to the specific 

content domain being addressed for curation.  It also highlights that there is existing work in a number 

of those specific domains that can be applied: for example, examinations of the role of a lifecycle within 

e-science research (e.g., Humphrey, 2006), or the work of the Paradigm project on personal archives4. 

The final publication of the Lifecycle Model (Higgins, 2008) emphasises that a lifecycle management 

ŀǇǇǊƻŀŎƘ ǘƻ ŘƛƎƛǘŀƭ ƳŀǘŜǊƛŀƭǎ άΧƛǎ ƴŜŎŜǎǎŀǊȅ ŦƻǊ ǘƘŜƛǊ ŎƻƴǘƛƴǳƛǘȅΦέ 

This builds on an earlier piece of research at UKOLN (Pennock, 2007).  This stated: 

ά¢ƘŜ ƭƛŦŜ cycle approach is necessary because:  

¶ Digital materials are fragile and susceptible to change from technological advances throughout 

their life cycle, i.e. from creation onwards;  

¶ Activities (or lack of) at each stage in the life cycle directly influence our ability to manage and 

preserve digital materials in subsequent stages;  

¶ Reliable re-use of digital materials is only possible if materials are curated in such a way that 

ǘƘŜƛǊ ŀǳǘƘŜƴǘƛŎƛǘȅ ŀƴŘ ƛƴǘŜƎǊƛǘȅ ŀǊŜ ǊŜǘŀƛƴŜŘΦέ 

The DCC Curation Lifecycle Model ǿŀǎ ŀƭǎƻ ƛƴŦƻǊƳŜŘ ōȅ ǘƘŜ ǇǊŜǎŜƴǘŀǘƛƻƴǎ ŀǘ ǘƘŜ 5// ŜǾŜƴǘ Ψ5ƛƎƛǘŀƭ 

/ǳǊŀǘƛƻƴ ŀƴŘ tǊŜǎŜǊǾŀǘƛƻƴΥ ŘŜŦƛƴƛƴƎ ǘƘŜ ǊŜǎŜŀǊŎƘ ŀƎŜƴŘŀΩ ƘŜƭŘ ƛƴ ²ŀǊǿƛŎƪ ƛƴ bƻǾŜƳōŜǊ нллсΦ  hƴŜ ƻŦ 

the strands of this event was about Data Life Cycle Management5.  In her introduction, Anne Trefethen 

emphasised that when looking to preserve research it is valuable not just to capture the core of what 

the research did or produced, but the whole context or lifecycle of the ideas and processes involved.  

This would involve different stakeholders at different points in the cycle.  Jeremy Frey described the 

scholarly life cycle in his presentation, complementing ideas proposed by Liz Lyon (Lyon, 2003) that 

demonstrated how many different parts of scholarly activity interconnect, whilst Helen Shenton 

highlighted aspects of lifecycle cost that have been investigated through the LIFE projects at UCL and the 

British Library.  The formula developed by the LIFE project, LT=Aq+IT+M+AcT+ST+PT, identified criteria 

that affected the long-term cost management of content (McLeod et al., 2006), the focus being on the 

costs of acquisition and the tasks required to manage the content once acquired.  The systems that this 

                                                        
4
 Paradigm project, digital archives and the records cycle diagram, 

http://www.paradigm.ac.uk/workbook/introduction/paradigm-lifecycle.html  
5
 Data Life Cycle Management strand, Digital Curation and Preservation: Defining the Research Agenda for the Next Decade, 

http://www.dcc.ac.uk/events/warwick_2005/sessions/data_lifecycle_management/  

http://www.paradigm.ac.uk/workbook/introduction/paradigm-lifecycle.html
http://www.dcc.ac.uk/events/warwick_2005/sessions/data_lifecycle_management/
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will be carried out through, whilst recognised as integral to the different lifecycle stages, were not a cost 

factor that could be effectively incorporated into a lifecycle approach (Ayris et al, 2008). 

A range of examples of digital content lifecycles building on the direction the DCC set down is evident. 

1. In a case study for the SCARP project (Irshad and Ure, 2009) on TeleHealth the concept of the 

TeleHealth lifecycle is described, highlighting the generation of data and its subsequent 

processing for effective use.  The case study highlighted the system designed to support this, but 

the subsequent discussion around data curation did not address specific system issues. 

2. OCLC (Anon, 2005) describes the four stages of its digital content lifecycle as planning, 

processing, presentation and preservation, and is building and delivering services around each 

of these in an integrated fashion (as previously reported in 2002 ς see Introduction). 

3. The UK Research Data Service Feasibility Study (2009) is also building its model around the 

concept of a research data lifecycle, taking its lead from related work at the University of Exeter 

and within the DCC. 

As is evident from the previously described references, from the beginning of the DCC there has been an 

appreciation of the value of a lifecycle approach to curation.  Rusbridge (2005) presents a generic 

overview of the role it can play.  He also demonstrates that different lifecycles can operate in parallel or 

tandem with each other.  For example, an experimental lifecycle and the lifecycle of managing the 

information that feeds into the experiments and comes out of them. 

In a presentation to the Common Solutions Group in the US Long (2003) describes how the management 

of the digital landscape relies on understanding and managing the digital content lifecycle.  The digital 

landscape is made up from many different types of content.  These have different lifespans, and thus 

move through their lifecycle over different times.  Understanding the lifecycle can assist in managing 

these different types of content regardless of the length of lifespan.  In the same presentation, [ƻƴƎΩǎ 

co-presenter Ann Green proposes that the lifecycle view can be applied to projects as well as digital 

content resources, and, indeed, many lifecycles are initiated by faculty members requesting a piece of 

work.  In both cases there are four main identified stages to the digital lifecycle: produce, publish, 

repurpose, preserve.  Common requirements across these stages include: the use of standards, storage 

capability, and persistence.  Not all content or projects will go through every stage, but putting in place 

infrastructure and tools that support these stages can then enable a variety of initiatives over time.  The 

authors concede that it remained to be identified what the costs of each individual stage were, both 

initially and ongoing, but consider that the approach can facilitate the management of new demands 

more flexibly.   

In an examination of the management of personal digital archives, Williams et al. (2009) reviewed the 

literature on this topic to identify a coherent intellectual framework to aid understanding of how 

individuals create, organise, manage, use and dispose of digital content within their personal archives.  

They discovered that whilst there is much mention of lifecycles in the literature in various guises (as 

identified within this literature review), its application to personal collections has been limited (though 
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note the work of the Paradigm project6).  They highlight the work of Bruce et al. (2004) who identified 

the concept of a short-term management stage within the lifecycle of personal digital archives, where 

content created or obtained is kept, left or ignored depending on its perceived value at different times.  

This matches the proposal by Sellen and Harper (2002) that content can be hot, warm or cold in terms of 

current activity and/or interaction.  This view highlights the dynamic nature of personal archives, and 

how they fluctuate, and the need to identify more closely how they can be managed to facilitate this 

across systems.  Williams et al. also report on the issue of enabling personal digital archives when the 

content within them is so varied.  Some specific systems have emerged to help address this issue, and 

these appear to work through a combination of gathering materials together in one place, and 

integrating with systems holding the content to permit access from a central point. 

Lifecycles and digital preservation  

As indicated in the Introduction, one of the key stimuli to investigating the idea of a digital content 

lifecycle has been the growth of interest and activity around digital preservation.  The driving issue has 

been recognition that digital preservation cannot start just when a piece of digital content is handed 

ƻǾŜǊ ǘƻ ŀǊŎƘƛǾƛǎǘǎ ƻǊ ŜǉǳƛǾŀƭŜƴǘ ŦƻǊ ƛǘ ǘƻ ōŜ ΨǇǊŜǎŜǊǾŜŘΩΦ  Lǘ ǎƘƻǳƭŘ ƛƴǎǘŜŀŘ ǎǘŀǊǘ ŦǊƻƳ ǘƘŜ Ǉƻƛƴǘ ŀǘ ǿƘƛŎƘ 

the digital content is created, or whenever it can prior to being formally considered ripe for 

preservation: this emphasises that the content passes through different stages that can be considered 

its lifecycle.  A number of studies have examined this space. 

The Interim Report of the Blue Ribbon Task Force on Sustainable Digital Preservation and Access in 

December 2008 (Blue Ribbon Task Force on Sustainable Digital Preservation and Access, 2008) 

highlighted that economically sustainable digital preservation required: 

¶ Recognition of benefits 

¶ Incentives for decision-makers to act 

¶ Selection 

¶ Mechanisms to support ongoing, efficient allocation of resources 

¶ Appropriate organisation and governance 

Key to the incentives was the need to orchestrate incentives at all stages of the digital content lifecycle, 

recognising that preservation within the lifecycle cannot be enabled unless it is considered at earlier 

stages. 

Pennock (2006) in providing guidance on the curation of emails makes use of the lifecycle approach to 

be subsequently seen in the DCC Lifecycle Model.  Email curators are advised to consider curation 

activities at all stages of the email lifecycle, not just at the point at which someone feels it needs to be 

preserved.  ! ƎŜƴŜǊŀƭ ŀƎǊŜŜƳŜƴǘ ǿƛǘƘ ǘƘƛǎ Ǉƻƛƴǘ ƛǎ ŜǎǇƻǳǎŜŘ ƛƴ ǘƘŜ 5t/Ωǎ tǊŜǎŜǊǾŀǘƛƻƴ ƻŦ 5ƛƎƛǘŀƭ 

Materials: a Handbook (DPC, 2008), which also recognises that different stakeholders may be involved at 

different stages of the digital content lifecycle, and that working with these stakeholders will be 

                                                        
6
 Paradigm project, http://www.paradigm.ac.uk/  

http://www.paradigm.ac.uk/
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necessary to effect this whole lifecycle approach as well as being beneficial simply in engaging with 

them.  Hockx-ȅǳ όнллсύ ŜƳǇƘŀǎƛǎŜǎ WL{/Ωǎ ŎƻƳƳƛǘƳŜƴǘ ǘƻ ǘƘŜ ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ ŘƛƎƛǘŀƭ ǇǊŜǎŜǊǾŀǘƛƻƴ ǿƛǘƘƛƴ 

the lifecycle of information management and not as a separate activity. 

Taking account of the many views that digital preservation needs to take place at all stages of the digital 

content lifecycle, Ross and Hedstrom (2005) flip this round and emphasise the benefit of digital 

ǇǊŜǎŜǊǾŀǘƛƻƴ ǘŀƪƛƴƎ ǇƭŀŎŜ άƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ŀ ƭƛŦŜŎȅŎƭŜΦέ 

Lifecycles and content management  

5ƛƎƛǘŀƭ ŎƻƴǘŜƴǘ ƭƛŦŜŎȅŎƭŜ ƳŀƴŀƎŜƳŜƴǘ ŘƻŜǎƴΩǘ ƘŀǾŜ ǘƻ ƘŀǾŜ ŘƛƎƛǘŀƭ ǇǊŜǎŜǊǾŀǘƛƻƴ ŀǎ ƛǘǎ ƻǊƛƎƛƴŀǘƛƴƎ ŦƻŎǳǎΣ 

though.  Reviewing content management in the context of information architecture, Batley (2006) 

summarises previous work (incl. Boiko, 2001 and Tredinnick, 2005) on the information lifecycle as a way 

of guiding content management strategy, a similar approach to that taken above.  She emphasises the 

ƛƳǇƻǊǘŀƴŎŜ ƻŦ ŀŘŘǊŜǎǎƛƴƎ ǘƘŜ ƴŜŜŘǎ ƻŦ ƛƴŦƻǊƳŀǘƛƻƴ ƛƴ ΨƛƴŦƻǊƳŀǘƛƻƴ ŀǊŎƘƛǘŜŎǘǳǊŜΩ to ensure that a 

theoretical architecture can be effectively implemented.  The five stages described are: 

¶ Information creation and collection 

¶ Information approval 

¶ Information deployment (or publication) 

¶ Information review 

¶ Information archiving and/or deletion 

Wu and Liu (2001) in an early review of how content management systems might impact academic 

libraries, consider that placing much of the digital content libraries have to manage in a content 

management system would bring benefits.  They reference the lifecycle of the content as being that 

time that the content has to be made available to users, and suggest that calendaring within the content 

management system could control the switch on and off of availability, ensuring that the digital content 

lifecycle, and the stages listed above, are managed in an automated way. 

Deegen (2001), in a general review of digital library developments, highlights that the most important 

reason to adopt a lifecycle approach is to create a sustainable resource.  Whilst this is related to digital 

preservation she also emphasises that the nature of digital materials requires a more proactive 

management approach generally anyway: when a library receives or generates a digital resource it 

cannot just put in on the shelf, so to speak, as it does for books and assume it will still be accessible and 

available in the future.  As proposed in digital preservation discussions, there is benefit in taking account 

of the whole lifecycle of a digital resource from the start so it can be actively managed. 

Part of this management involves describing the digital content in an effective way so it can be 

organised and accessed.  In an article describing the Metadata Encoding Transmission Scheme (METS), 

McDonough (2006) describes the structure of the scheme and its constituent parts.  One of these parts 

is designed to record provenance information, or as he puts it, information related to the lifecycle of the 

digital object being described.  This information can also be described as information about a particular 
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state or instance of the object, for example, when an image was created or when it was migrated 

between formats.  This information does not manage the lifecycle itself, but it can be used to inform 

curatorial actions at later stages in the digital content lifecycle. 

Technology and the lifecycle  

The European Task Force on Permanent Access (now the Alliance for Permanent Access) reiterates the 

first of the points highlighted by Pennock in 2007 in its Strategic Action Programme 2006-10, reporting 

that the άƭƛŦŜ ƻŦ ŀ ŘƛƎƛǘŀƭ ǘŜȄǘ ƛǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ŎŀǊǊƛŜǊ ŀƴŘ ōȅ ǘƘŜ ƘŀǊŘǿŀǊŜ ŀƴŘ ǎƻŦǘǿŀǊŜ 

that make it accessible to users. These means of storage and intermediaries are very vulnerable and 

ƘŀǾŜ ǎƘƻǊǘ ƭƛǾŜǎΦέ  LƴŜǾƛǘŀōƭȅ ǘŀƪƛƴƎ ŀ ǇǊŜǎŜǊǾŀǘƛƻƴ ǾƛŜǿǇƻƛƴǘ ƻŦ ƳŀƴŀƎƛƴƎ ǘƘƛǎ ǇǊƻōƭŜƳΣ ǘƘŜ ǇǊƻǇƻǎŜŘ 

solution, which the Task Force went on to explore in detail, was the transfer of the bits and bytes to a 

new carrier.  The Information Technology and Information Storage industries (SNIA association) concurs 

having ŀŘŘǊŜǎǎŜŘ ǘƘƛǎ ƛǎǎǳŜΣ ǊŜŦŜǊǊƛƴƎ ǘƻ ǘƘŜ άΧ Ƴƻǎǘ ŀǇǇǊƻǇǊƛŀǘŜ ŀƴŘ Ŏƻǎǘ ŜŦŦŜŎǘƛǾŜ L¢ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ 

from the time information is conceived through its final dispositionΧέ7. 

So technology is clearly important, or at least a necessity. But what type?  Although heavily promoted by 

the ECM industry, monolithic systems for the management of the digital content lifecycle can have 

disadvantages.  They are not dynamic and can be difficult to scale and interoperate with other 

enterprise systems.  Chieu et al. (2008) describe an approach using a service component architecture, 

modelled along SOA lines.  This approach allowed the authors to successfully demonstrate the ǎȅǎǘŜƳΩǎ 

extensibility and scalability. 

Tzitzikas (2007) describes the ubiquity of dependency in systems, using the development of preservation 

information systems, as undertaken by the European Union (EU) CASPAR project8, as an exemplar for 

the lifecycle of information is affected and influenced by dependencies that need to be taken into 

account when designing relevant systems.  This sense of dependency influenced Ioannidis et al. (2005), 

when considering the necessary systems infrastructure for digital libraries.  They identified five stages of 

their own lifecycle in interaction with a digital library, and subsequently describe the research issues 

related to each of these that require further investigation.  The stages identified are: 

¶ The user interacts with the system 

¶ The system processes the request 

¶ The information requested is accessed and retrieved 

¶ The information is presented to the user (following any processing required) 

¶ The user organises the information presented 

                                                        
7
 See http://en.wikipedia.org/wiki/Information_lifecycle_management  

8
 EU CASPAR project, http://www.casparpreserves.eu/  

http://en.wikipedia.org/wiki/Information_lifecycle_management
http://www.casparpreserves.eu/


CLIF Literature Review  - 10 - 

Whilst not focusing on the content itself, these stages highlight how interaction with digital content 

through systems can have its own set of stages that may impact on the lifecycle of the content 

concerned: a case of different types of lifecycles overlapping with and influencing each other. 

The Rights and Rewards project at Loughborough University addressed the issue of digital content 

lifecycles as part of its assessment of which teaching materials to include in its repository (Bates et al., 

2006).  Other systems were not investigated, but the project identified a set of criteria to assess 

materials so as to determine whether the repository was the most appropriate place to hold them and, 

if so, in what format and state of organisation (e.g., packaged or granular) and when.  The criteria used 

were: 

¶ Persistence ς the management of content will vary depending on ǿƘŜǘƘŜǊ ƛǘ ƛǎ ǎǘŀǘƛŎ όƛΦŜΦΣ ǿƻƴΩǘ 

change) or dynamic (i.e., may change) whilst in the repository.  Different strategies are required 

for each. 

¶ Versions ς Where content is dynamic, there may be versions to manage.  How does a lifecycle 

approach deal with reiterations of the same material?  What constitutes a new version?  These 

matters were queried by the project, and have also been addressed extensively elsewhere 

(Brace, 2008; Razum et al., 2007). 

¶ Creation (method and workflow) ς A third criterion was the way in which materials were 

created, or how they were adapted for local use from external sources.  Different mechanisms 

had different lifecycles and the best time for interaction with the repository varied slightly 

between them. 

Another factor that was highlighted for further investigation was the nature of collaborative working on 

the lifecycle of content, and the degree to which a repository could be involved in stages of a digital 

content lifecycle involving minor editing or reviews.  The impression given, albeit one concluded in 2006 

prior to the growth of Web 2.0, was a doubtful one, preferring the repository to be used for stable 

materials. 

Living the lifecycle  

Many of the conclusions from the Rights and Rewards project related to the practical implementation of 

the digital lifecycle, and understanding how this can be done most effectively.  Appreciating the value of 

a lifecycle approach to managing digital content, and seeking to put this into regular practice on a day-

to-day basis, the University of Illinois Library has proposed the restructuring of its Library staff to align 

them with different stages of the digital content lifecycle (Digital Content Life Cycle Management Team, 

2008).  A specific coordinator is recommended to assist different teams in working more closely 

together to facilitate lifecycle management and there are suggestions based around different stages: 

creation, selection, management (including access and stewardship), metadata, and preservation. 
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Also examining how to put the management of the digital content lifecycle into practice, the LIFE-SHARE 

project9, currently running at the Universities of Leeds, Sheffield and York, is aiming to build on the 

outcomes of the LIFE projects and identify the skills, strategies and knowledge required at each stage of 

the digital content lifecycle.  No mention is made of systems specifically, though its outputs are keenly 

awaited. 

One of the emphases of the LIFE-SHARE project is the digitisation of content and the lifecycle of this 

process: another example of a specific lifecycle that can have an impact on the wider management of 

digital contentΦ  ¢ƘŜ ΨaŀƪŜ Lǘ 5ƛƎƛǘŀƭΩ ǿŜōǎƛǘŜ ƛƴ bŜǿ ½ŜŀƭŀƴŘΣ ŀ ǎŜǊǾƛŎŜ ŘŜǾŜƭƻǇŜŘ ōȅ 5ƛƎƛǘŀƭ bŜǿ 

Zealand, presents its own digital content lifecycle in respect of the digitisation process10.  This 

incorporates the following stages: 

¶ Selection of content 

¶ Creation of the digitised content 

¶ Describing the content 

¶ Managing the content (including transfer between systems as hardware/software becomes 

obsolete) 

¶ Discovering the content 

¶ Using and reusing the content 

¶ Preserving the content 

There are clearly some similarities here with more generic digital content lifecycle stages, with this being 

another specific instance.  It raises the possibility that process lifecycles can run in parallel and intersect 

as and when useful. 

The Interuniversity Consortium for Political and Social Research (ICPSR) (McGovern and Stuchell, 2009) 

has published a template to aid the description of the lifecycle of digital content that could be used to 

identify how different lifecycles relate to each other.  The template moves from an overview of the 

content to the different lifecycle stages and how they are managed, and prompts consideration of 

implications for management of the whole lifecycle, including the legal position and the technical tools 

required.  It is intended to act as a guide to those looking to manage digital content and an aid in 

ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ƴŜŜŘǎ ǘƘǊƻǳƎƘ ǘƘŜ ŎƻƴǘŜƴǘΩs lifecycle. 

On the legal side, Korn has prepared three briefing papers for the Strategic Content Alliance that 

address this important topic in managing the digital content lifecycle, examining the IPR aspects from 

creation through to curation (Pauli, 2009).  Regardless of the system or systems being used, it is vital 

that the rights associated with the content at different stages of its lifecycle are clearly understood so 

that the content can pass from stage to stage. 

                                                        
9
 LIFE-SHARE project, http://www.leeds.ac.uk/library/projects/lifeshare/  

10
 The Make It Digital guides, http://makeit.digitalnz.org/guidelines  

http://www.leeds.ac.uk/library/projects/lifeshare/
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The development of appropriate policy to guide digital content lifecycle management is also advised.  

The Erpanet Digital Preservation Policy Tool (Erpanet, 2003) highlights the advantages of having a policy 

to guide how often transient digital materials should be dealt with.  Coming from a digital preservation 

perspective it also clarifies that digital preservation does not sit alone and that policy in this area should 

sit comfortably with other organisational policies and practices to ensure it can be adhered to.  A good 

example of such a policy-driven approach is presented by Columbia University Libraries, whose policy for 

preservation includes a statement of commitment to lifecycle management11. 

Producing a policy can provide guidance when dealing with new types of digital content that emerge 

over time.  Digital datasets have grown in scope and number in the past few years, an issue raised by 

Lyon (2007), and have their own specific lifecycle aspects to contend with. Wright et al., (2007), in 

discussing the connection between digital libraries and eScholarship, identifies the importance and 

value of data to these communities, and the need to make a connection through the scholarly 

communication lifecycle, which encompasses both.  There is a need to tie in the management of data 

and its lifecycle with this communication lifecycle in order to get the best value from it.  In providing 

guidance on the management of research datasets, and discussing this management with researchers, 

Witt and Carlson (2007) at Purdue University highlight lifecycle factors that may affect the management.  

How does the dataset evolve as it is generated or processed?  Who has custody of the data and how 

does this affect its provenance?  What funder demands are there on describing and archiving the 

dataset for future accessibility and integrity?  Not all the answers to these questions are yet clear and 

the JISC is currently funding a range of projects to explore this area further12. 

As part of understanding what we do with digital content it is valuable to evaluate activity undertaken. 

Khoo (2006) highlights the benefits of using a digital content lifecycle approach to facilitate the 

evaluation of digital libraries, allowing the library, or system, to be analysed according to each stage of 

the lifecycle.  In performing such an evaluation Khoo (2007) also builds in the fact that lifecycles can be 

iterative, and that the lifecycle of one piece of digital content may initiate the lifecycle of another. 

Standards  

Durga (2007), in a blog posting, describes a potential ECM environment that incorporates a number of 

different systems used to create and/or capture information for different purposes.  So, a web front-end 

may present a series of forms that data is entered into.  The submission of this data may lead to other 

forms, or it may result in some content being generated and/or delivered (the example given is of an 

insurance company website providing online quotes).  The lifecycle of the content related to the 

insurance quote request relies on different systems talking to each other, and the author concludes that 

implementation of technical standards to facilitate this communication is essential.  One of the aims of 

the DCC is to provide information on technical standards that can be used to foster the digital content 

                                                        
11

 Columbia University Libraries Policy for Preservation of Digital Resources, 
http://www.columbia.edu/cu/lweb/services/preservation/dlpolicy.html  
12

 JISC Research Data Management Programme, http://researchdata.jiscinvolve.org/  

http://www.columbia.edu/cu/lweb/services/preservation/dlpolicy.html
http://researchdata.jiscinvolve.org/
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management Durga describes.  The Curation Lifecycle Model has a number of different stages, and the 

DCC highlights the different standards that might apply or which could be used at each of these stages13. 

CǳǊǘƘŜǊ ƎǳƛŘŀƴŎŜ ƛƴ ǘƘŜ 5t/Ωǎ IŀƴŘōƻƻƪ ƛƴŎƭǳŘŜǎ ǘƘŜ ǊŜŎƻƎƴƛǘƛƻƴ ǘƘat migration of files (between 

formats and/or systems) is a potential strategy for the preservation part of the lifecycle, though it has its 

critics (e.g., Rothenburg, 2000).  Adherence to standards is highlighted as having the potential to save 

effort on behalf of those working on later stages of the lifecycle, whilst providing continual access can 

cause difficulties and increase the effort required if this lifecycle stage is to be periodically re-visited 

following preservation. 

Recording information about data and other types of digital content in a standard way can also facilitate 

management decisions about sharing to foster ongoing research (Wallis et al., 2007).  Working in the 

ecological field, they observe that many researchers do not share their data.  This appears to be because 

ƻŦ ŀ ƭŀŎƪ ƻŦ ǎǘŀƴŘŀǊŘǎ ƛƴ ǿŀȅ Řŀǘŀ ƛǎ ƻǊƎŀƴƛǎŜŘ ŀƴŘ ƳŀŘŜ ŀǾŀƛƭŀōƭŜΦ  LŦ ǘƘŜǊŜ ŀǊŜ ƴƻ ǎǘŀƴŘŀǊŘǎΣ ǘƘŜǊŜ ƛǎƴΩǘ 

the ability to easily use other data, therefore no need to request data from others, leading to the 

conclusion that there is no need to share data, and no need for data standards.  This vicious circle can be 

broken by managing the lifecycle of the data from its creation, so that it can be used at different stages 

of its lifecycle.  In a separate article (Wallis et al., 2008), the authors describe a nine-stage lifecycle for 

the data that they have identified to help establish standards and facilitate sharing. 

Adhering to standards and being open in how digital content is managed can also lead to increased 

levels of trust.  In adopting its policies around digital content lifecycles, OCLC was aiming to be regarded 

as a trusted digital repository provider (Research Libraries Group, 2002).  A key to this was compliance 

with the Open Archival Information System (OAIS) (Consultative Committee for Space Data Systems, 

2002).  This itself describes a lifecycle approach, addressing how content can be made ready for ingest 

to a system, managed within the system, and then made ready for export to another system.  Whilst 

frequently associated with supporting ongoing preservation, the OAIS reference model can also be 

applied to day-to-day lifecycle management of digital content, prior to active preservation activity taking 

place. 

The knowledge lifecycle  

Content lifecycles relate to the management of actual content files throughout their lifecycle.  A related 

concept looks at the management of the lifecycle of the knowledge that is contained or generated by 

content.  A knowledge lifecycle consists of (Sunassee and Sewry, 2002): 

1) Create new knowledge  

i) Identify new knowledge 

ii) Identify old and existing knowledge 

2) Identify knowledge relevant to organisation 

3) Verify selected knowledge 
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 Browse all standards by lifecycle action, http://www.dcc.ac.uk/diffuse/lifecycle/  
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4) Capture and organise knowledge 

5) Disseminate and use knowledge 

6) Combine new knowledge and re-evaluate assumptions to create knowledge 

Systems to deal with knowledge lifecycles have been investigated (e.g., Schlorlemmer et al., 2002), and 

it is clear that this is another direction through which digital content lifecycle management has and 

could evolve.  Another view of the knowledge lifecycle is proposed by Millard et al. (2006), which 

encompasses knowledge acquisition, knowledge modelling, knowledge annotation, knowledge reuse 

and knowledge maintenance.  By using tools to semantically enhance the knowledge the authors 

propose how the knowledge lifecycle for e-learning might be improved. 

Developing the lifecycle  

With evidence aplenty that digital content lifecycles exist and are being described, it is of interest to see 

what may happen next in the evolution of the digital content lifecycle.  The InterPARES 2 project 

(Duranti and Preston, 2008) had built on the previously established view (in InterPARES 1) that a 

lifecycle approach to managing and preserving records was useful in outlining the different stages of the 

lifecycle.  InterPARES 2 described an extensive number of tasks that are involved throughout the 

lifecycle, concluding that these different stages could not easily be treated as separate entities.  A 

continuum approach, treating each stage in the context of those around it, was proposed as more 

valuable in considering how to manage each stage through the lifecycle. 

Also addressing the context within which lifecycles sit, the Rutgers University Community Repository 

(RUCore)14 has at its heart a data model that tracks the lifecycle and ecology of the data held within it.  

¢Ƙƛǎ ǊŜŎƻƎƴƛǎŜǎ ǘƘŀǘ ά5ƛƎƛǘŀƭ Řŀǘŀ ƭƛǾŜǎ ƛƴ ǊŜƭŀǘƛƻƴǎƘƛǇ ǘƻ ƻǘƘŜǊ Řŀǘŀ ŀƴŘ Ƴŀȅ ōŜ ǊŜǇǳǊǇƻǎŜŘ Ƴŀƴȅ ǘƛƳŜǎ 

ƻǾŜǊ ƛǘǎ ƭƛŦŜŎȅŎƭŜΦέ  !ǎ ǎǳŎƘΣ ǘƘŜ ǊŜǇƻǎƛǘƻǊȅ ƛǎ ŀ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ΨƭƛǾƛƴƎ ŘŀǘŀΩΣ ŀƴŘ ƘƻƭŘǎ ƛƴŦƻǊƳŀtion on 

events and relationships related to the data as part of its overall life. 

Lehrmann et al. (2007) tackled the issue of multiple people being involved in the management of 

learning resources, and also the adaptation or re-authoring of the learning resource as part of its re-use 

in a different context.  In many cases such re-authoring is considered to be the creation of a new object 

and the start of a new lifecycle for a new and different object.  The authors make the point, though, that 

the original and re-authored resource are connected, and that there is information generated as part of 

the re-ŀǳǘƘƻǊƛƴƎ ǘƘŀǘ Ŏŀƴ ōŜ ŎŀǇǘǳǊŜŘ όάƭƛŦŜŎȅŎƭŜ ƛƴŦƻǊƳŀǘƛƻƴέύ ǘƘŀǘ Ŏŀƴ ŜƴǊƛŎƘ ŀ ǳǎŜǊΩǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ 

both original and re-authored versions.  There is an acknowledgement that many systems are not good 

at capturing this lifecycle information and recognition that where it is captured it often gets stuck at 

system borders and thus sits in isolation and is not captured in its entirety with the resource. 

Two particular types of lifecycle information are proposed: 

¶ Relation information.  This encompasses all types of relationship that the content may have, 

including aggregation relations (links to any aggregation), sequence relations (links to other 
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resources and the order the links are in) and version or variant relations (links to alternative 

instances of the resource).  Considering the relationship between the original and re-authored 

resource there might also be reduction or extension relations to indicate if whether the 

resource has been simplified or expanded. 

¶ Context information.  Whereas relation information describes information about two or more 

resources, context information pertains to a resource in its own right.  It can be anything about 

the resource, but is mƻǎǘ ƭƛƪŜƭȅ ǘƻ ōŜ ŀōƻǳǘ ǘƘŜ ǊŜǎƻǳǊŎŜΩǎ ǳǎŜ ƻǊ ǿƘŀǘ ƛǎ ƘŀǇǇŜƴƛƴƎ ǘƻ ƛǘ ǿƛǘƘƛƴ 

the overall lifecycle. 

Both these might be considered as metadata about the resource.  The authors thus propose the use of 

an extension to the Learning Object Metadata (LOM) standard under Ψcategory 7: relationΩ to store this 

lifecycle information.  The metadata associated with the resource can then act as a route for capturing 

and transferring the lifecycle information as a whole (akin to the role of METS referenced earlier).  An 

architecture is, however, also proposed for a centralised Lifecycle Information System (LIS), which tools 

involved in the learning resource lifecycle can interact with via capture and access components.  The 

former assist in capturing the lifecycle information, and the latter makes it available in an analysed form 

for use where appropriate.  The authors have implemented an initial version of such a system and 

indicate a plan to develop more plugins to facilitate interaction between LIS and other tools. 

Other aspects of digital content can be considered to have their own lifecycle characteristics.  Barton 

and Robertson (2005) organised a Conceptions of Library and Information Science (CoLIS) workshop on 

the development of a metadata lifecycle model.  Their starting point was a recognition that a conceptual 

framework to understand how digital repositories and related repository services interacted was absent.  

The development of such a framework, they proposed, needed to include the object lifecycle and the 

lifecycle of the metadata associated with the digital objects.  At the workshop, Chen and Chen (2005) 

presented findings from their own development of a metadata lifecycle model, first presented at IFLA in 

2003.  Their reasoning for the development of such a model was to provide cost effectiveness, quality 

assurance, consistency and interoperability in their projects. 

In a related paper given at the DELOS Digital Repositories: Interoperability and Common Services 

Workshop (2005), Barton and Robertson expanded on this approach, highlighting that the lifecycle 

models need to be associated with an ecology of repositories, a model in its own right that lays out the 

ǊŜƭŀǘƛƻƴǎƘƛǇǎ ōŜǘǿŜŜƴ ǊŜǇƻǎƛǘƻǊƛŜǎ ŀƴŘ ǎǳǊǊƻǳƴŘƛƴƎ ǎȅǎǘŜƳǎ ƻǊ ǎŜǊǾƛŎŜǎ όǘƘŜ ǊŜǇƻǎƛǘƻǊȅΩǎ ŜƴǾƛǊƻƴƳŜƴǘύΦ  

They also propose a methodology for developing a metadata lifecycle model to suit specific needs and 

highlight how it can help with optimising workflows, e.g., by facilitating the interaction between 

repositories or between a repository and other systems that adhere to the common model.  This 

ecology of repositories was developed further by the authors and is now available as a resource15.  

Unfortunately, the associated object and metadata lifecycle model approaches proposed by Barton and 

Robertson have not been developed in the same way. 
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Conclusions 

This literature review has, in many ways, raised a range of different views, opinions and approaches to 

dealing with digital content lifecycles.  These come from different perspectives and starting points, 

which seems to emphasise that wherever you are coming from consideration and management of digital 

content lifecycles is important, and even sometimes viewed as necessary, in the variety of environments 

described.  It is perhaps surprising that literature on specific system aspects of this management 

approach was not found, but this may be due to the flux in technology adoption and the rapid pace of 

change.  Nevertheless, the technology involved must be taken into account when implementing a digital 

content lifecycle management approach as it is core to the day-to-day running of this.  Consideration of 

the appropriateness of different systems, is useful to inform this, and this can be extended to 

consideration of appropriate systems at different stages of the lifecycle, the starting point of CLIF. 

Specific points emerging from the literature that will be taken into the CLIF project are: 

¶ The importance of consistency in terminology and clear definition of what this terminology 

refers to. 

¶ There are different types of lifecycle involved in managing digital content, including content 

lifecycles, user interaction lifecycles, knowledge lifecycles, digitisation lifecycles, metadata 

lifecycles, etc.  These may overlap, they may run in parallel, or one may lead to or initiate 

another.  Since lifecycle terminology is not fixed it is difficult to consider any sort of 

classification, but it is useful to be aware that any lifecycle approach will not sit in isolation. 

¶ It is valuable to break down the lifecycle into its constituent stages, but that these too should 

not be treated in isolation but dealt with acknowledging external influences.  It is potentially 

ǳǎŜŦǳƭ ǘƻ ŀǎƪ ǘƘŜ ǉǳŜǎǘƛƻƴ Ψ²Ƙŀǘ Ŏŀƴ ōŜ ŘƻƴŜ ŀǘ ǘƘƛǎ ǎǘŀƎŜ ǘƻ ŦŀŎƛƭƛǘŀǘŜ ƻǘƘŜǊ ǎǘŀƎŜǎΚΩΣ ŀǎ ƛǎ ǘƘŜ 

case presented for dealing with digital preservation. 

¶ Lifecycle stages can be long or short depending on the nature of the material, and that this 

needs to be accounted for when considering system aspects 

¶ Lifecycle information could be potentially valuable, but the implications and complexity of 

capturing it need to be thought through.  Such lifecycle information has to be initially generated, 

as it is not always immediately available, and then captured and stored in an appropriate 

fashion to allow it to be used further along the lifecycle.  Understanding the purpose of 

capturing particular lifecycle information should guide practice. 

¶ There appears to be increasing interest in how people fit into the digital content lifecycle, both 

as actors in it (those who facilitate or carry out different stages) and as stakeholders (those who 

are affected or influenced by the different stages).  This may well move digital lifecycle 

management to a different footing as roles align themselves with lifecycle stages and potentially 

offers greater clarity in adopting this approach. 
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¶ Understanding digital content lifecycle stages can ease the management of new forms of 

content, such as data, though acknowledging that each will have its own specific aspects. 

¶ Policy is as important as technology and other factors in embedding a lifecycle approach. 

¶ Moving between lifecycle stages in a technical environment is greatly facilitated by the use of 

standards, both technical and organisational. 

¶ Understanding of digital content lifecycles is evolving and maturing, though not yet at a stage 

where they can be easily implemented.  There is, though, much available to guide additional 

work and implementations in new environments. 

¶ Digital preservation needs to be considered at all stages of the digital content lifecycle, rather 

than only as a concluding step. In particular, a lifecycle approach needs to deal with reiterations 

of existing material, and determine effective policies and procedures to deal with dynamic and 

unstable content. 

Finally, this literature review has deliberately not addressed where responsibility lies for overseeing or 

managing digital content lifecycles, as this lies beyond the scope of the CLIF project.  Any implied 

assumptions that can be read into the literature reviewed, for example about the role of a library, are 

coincidental.  It is acknowledged, though, that as digital content lifecycles become better understood in 

terms of their design and technical implementation there will be a need to place this in the context of 

how the lifecycles are managed organisationally and see the lifecycles put into practice. 
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