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1. OVERVIEW 

1.1 Motivation 

Principles encapsulate assumptions and basic generalisations that can be accepted as being true. 

They can be used as guidance for rational behaviour in a particular field of endeavour. In the 

context of through-life support and quasi-immortal information in engineering domains, a set of 

principles can focus practitioners on the importance of managing information and knowledge, 

provide guidance to tool builders on supporting this management, and describe examples of best 

practice that can be adopted by organisations. 

The key motivation for these principles is simple: The ability to reuse today’s information will 

be crucial for tomorrow’s business success. By preserving current information, the organisation 

may be able to reuse that information to inform service provision, product upgrades, and the 

design of future products and services.  

The Principles, by their very nature, present an idealized view of the world, and applying 

specific principles may be difficult in some circumstances. Such difficulties do not negate either 

the veracity or validity of any principle, but implementation compromises may be necessary. 

Nevertheless even partial implementation of the principles should be beneficial in improving 

through-life management of engineering information 

The Principles are not fully independent of one another, as they intersect in focus from different 

perspectives and are mutually supporting. For example, the Principle of Parsimony (broadly 

having no more information than necessary) is directly supported by the Principle of Design, in 

particular the exhortation to implement management practices that support parsimonious 

behaviour. 

1.2 Background 

Customers' needs are changing – and organisations across all sectors are increasingly being 

asked not only to provide products in the first instance, but also to support them throughout their 

service life. This requires a new approach to business, operational and information system 

models which will all need to have sufficient rigour to support product life cycles which could 

extend to 30 years or more during which the related information and knowledge will be stored, 

accessed, used and re-created many times over in many different situations and contexts.  

The Knowledge and Information Management (KIM) Project was a three-year, £5 million 

programme funded primarily by the Engineering and Physical Sciences Research Council 

(EPSRC) and the Economic and Social Research Council (ESRC), involving a team of some 70 

academics and researchers from 11 universities to look at the knowledge management 

challenges associated with this move towards through-life product support.  See 

www.kimproject.org for further details on the KIM programme. The Principles are a major 

output of this work. 

Professor Chris McMahon proposed an initial set of some 25 principles based on his experience 

and from observations from the interim research findings across the tasks and work packages of 

the KIM Programme. This report is a reification and a reworking of the original principles into a 

smaller, more manageable set, creating a hierarchy of guidelines from top-level principles 

through explanation and suggested guidance on best practice to examples and tools.  

http://www.kimproject.org/
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1.3 The Structure of the New Principles 

The Principles have been reorganised into eleven related named ‘Principles’. Each principle is 

supported by a clarifying explanation, one or more guidance suggestions, and one or more 

categorisation tags. A short glossary of terms has been provided to ensure clarity of meaning in 

the terminology used within this document. Evidence, demonstrations, and example tools and 

techniques (some research prototypes, some commercially available) have been accumulated 

into an appendix.  

The intention is that The Principles themselves should be universally applicable to information 

regardless of the form of the information, e.g. documents, engineering data, electronic files, etc. 

The explanation (to a lesser extent) and the guidance items (to a greater extent) for a specific 

principle may be stated in terms of particular forms of information. This is mostly for clarity; in 

a few instances, guidance items are most easily applicable to particular classes of information.  

 

The Principles, as published in this document, should not be considered as carved in stone. It is 

expected that they and associated explanations and guidance will be improved and specialized.  

The evidence, examples and demonstrators were those deemed appropriate at the time of writing 

and are significantly more ephemeral than The Principles. Some of these are research prototypes 

and methods arising from the KIM Project rather than commercial off-the-shelf software and 

techniques. As a result, The Principles in this report have been published in the main body of 

the report and the supporting material in Section 5 as an appendix. It is anticipated that the 

appendix of evidence, demonstrations and examples will be more frequently updated as new 

implementations of best practice emerge.  

1.4 Intended Audience 

There are multiple intended audiences for The Principles, included amongst whom are: 

• the individual knowledge worker in industry or academia who wishes to 

improve their professional practice with regard to managing information over 

the long-term; 
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• the knowledge engineer or knowledge manager tasked with identifying ways of 

improving processes and practice of information management within an 

organisation; 

• the tool developer responsible for designing and implementing software 

applications that should support effective long-term management of engineering 

information. 

Different audiences will find that the importance, relevance, desirability and even 

feasibility of applying specific principles will vary according to their particular 

circumstances. The key is to view The Principles in the whole, to apply them in 

moderation and to avoid zealous focus on one particular aspect. 

1.5 The Principles in the Business Context 

The Principles are ideals. Applying them in full should be a desirable aspiration, but this 

may not be feasible for a particular organisation. In particular, available tools, 

computing and network infrastructure, etc., may not satisfy specific requirements or be 

sufficiently reliable to implement a policy to support a principle and still meet the needs 

of the business. Hence it is expected that business adoption of The Principles will and 

should be cautious and piecemeal initially, building gradually over time, enabling the 

business to derive increasing benefits as adoption progresses. 

The Principles are a generalised as well as an idealised view of the world. An 

organisation intending to apply The Principles should interpret them and the guidance in 

the context of the needs of the organisation and the individuals within the organisation. 

An implementer of The Principles must reflect upon: 

• What information is used within the organisation and how it is used, especially 

in terms of engineering and business processes, product and service life cycles, 

and business life cycles; 

• The value of specific classes of information to the organisation – is this 

information important for regulatory reasons, necessary know-how to create a 

product or service, a trade secret, valuable because of the process that utilises it, 

etc.? 

• How the value of existing and new information can be determined and which 

metrics, e.g. quality, maturity, reliability, integrity, etc., are helpful in this 

evaluation; 

• How the information itself is managed as a process. 

This Principles document should be considered as a starting point for the 

implementation of The Principles within an organisation. It must be interpreted by the 

implementer for the different levels of the organisation, e.g. a senior manager, a design 

office manager, and an engineer within a business unit, will have different perspectives 

upon (subsets of) the information utilised by the business. It (and most especially the 

guidance) should be applied to the common engineering information classes utilised by 

the organisation, e.g. CAD files, office documents (Word, Excel, etc.), databases, 

mathematical models, email. 
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The Principles can be viewed as structures that mitigate risks, such as the risks of 

unavailable information, incorrect information, misinterpreted information, etc. The 

Principles can also be viewed as structures that create opportunities by making 

information accessible, usable and reusable when needed, by enabling the discovery of 

new information from accessible repositories, etc. 

Applying The Principles within an organisation requires a consideration of the cost-

effectiveness of specific elements of the implementation. Short-term costs must be 

balanced against potential long-term benefits and increased value to the business.   

1.6 The Development Process 

This version (1.0) is the culmination of a series of iterations led by Dr Nicholas Caldwell 

building upon, reifying, and expanding upon the original set of principles proposed by Prof 

Chris McMahon.  

Version 0.3 emerged from internal discussions within members of the Cambridge KIM team 

and featured the restructuring of The Principles into a smaller set of one golden rule and nine 

principles, supported by one or more paragraphs of explanation and guidance. 

Version 0.4 incorporated feedback from industrial partners at a KIM workshop held in 

Cambridge in February 2008. 

Version 0.5 was the result of discussions at a KIM Work Package 1 academic meeting held in 

London in September 2008. This version introduced tagging of principles, identified potential 

tool and technique examples, and significantly expanded the guidance elements. It also named 

the individual principles. 

Version 0.6 incorporated feedback from emailed responses to version 0.5. The Golden Rule 

became motivational material and ten principles – Parsimony, Granularity, Identity, Uniqueness, 

Usability, Reusability, Evaluation, Longevity (precursor to Portability), Robustness and Design 

– became semi-definitive. 

Version 0.68 evolved out of version 0.6, a KIM meeting held in Bath in January 2009, and a 

series of email discussions that produced intermediate versions 0.63 and 0.65. Version 0.68 

renamed Longevity to Portability, accumulated additional explanation and guidance to The 

Principles as well as evidence and demonstration examples, added the Principle of Discovery, 

and added a glossary of key terms. Version 0.68 was presented at a KIM industry workshop in 

Birmingham in March 2009. 

Version 0.72 was the result of the incorporation of the feedback from the KIM industrial 

representatives and internal discussion between team members at Bath and Cambridge. All 

explanations and guidance items were numbered; evidence, demonstrations and examples were 

relocated into the Appendix. Version 0.72 was the last draft iteration, which was the precursor 

to this document (kim40rep007mjd10). 
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2. THE PROPOSED PRINCIPLES 

2.0 A Summary of The Principles 

Principle 1 (The Principle of Parsimony): Create, record and retain information 

only if necessary. 

Principle 2 (The Principle of Granularity): Record information in a storable 

information object at a granularity appropriate for use and reuse. 

Principle 3 (The Principle of Identity): Give an information object a unique and 

persistent identifier. 

Principle 4 (The Principle of Uniqueness): Create an information entity once only 

and explicitly reference it everywhere else. 

Principle 5 (The Principle of Usability): Design an information object explicitly to 

achieve its intended goals. 

Principle 6 (The Principle of Reusability): Design an information object explicitly 

to maximise its potential for reuse wherever appropriate. 

Principle 7 (The Principle of Evaluation): Assess and assign the value of an 

information object throughout its life from creation to disposal. 

Principle 8 (The Principle of Portability): Create an information entity and its 

annotations systematically using representations supporting perpetual reuse. 

Principle 9 (The Principle of Robustness): Use robust methods to capture, create 

and manipulate information entities. 

Principle 10 (The Principle of Discovery): Actively employ the information 

repository as a resource for learning and discovery. 

Principle 11 (The Principle of Design): Design all aspects of information 

management to satisfy the organisation’s current and future needs. 
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2.1 The Principle of Parsimony 

Principle 1 (The Principle of Parsimony): Create, record and retain information 

only if necessary. 

Explanation (E1): The ability to reuse (some of) today’s information will be vital for 

tomorrow’s business success. Generating, recording and retaining information has associated 

costs to the enterprise so it is critical that the right types and quantities of information are 

created, captured and preserved. 

Guidance (G1.1): The benefits of being able to use and reuse information in the short-term and 

long-term future should be weighed against the costs of collection, storage and processing. 

Frequently the benefits in terms of time and money saved will outweigh the initial and ongoing 

costs. 

Guidance (G1.2): The challenge is to determine what constitutes ‘if necessary’. Legal and 

regulatory issues may mandate automatic recording and retention of certain forms of 

information. Thus the business life cycle means that much information must be retained from its 

creation to the end of its active use, and then beyond this stage to the end of the organisation’s 

legal and moral liability. For other information, the inherent uncertainty of the nature of future 

needs for today's information, especially when some of those needs are completely unknown or 

unimagined today makes this identification task a difficult problem. Cost-benefit analysis can 

help by evaluating the current and likely future importance of particular information for the 

enterprise. The cost of identifying  ‘valuable’ information must also be factored into these 

analyses – if this cost exceeds the cost of retention, then it is better to retain more information 

and focus efforts on ensuring that retained information can be searched and reused in the future. 

Succeeding principles provide further explanation and guidance on how to meet this challenge. 

Guidance (G1.3): Moore’s law and Kryder’s law (informally that computer performance and 

hard disk storage doubles every two years) cannot save an information ‘pack-rat’ system that 

tries to preserve absolutely everything from being overwhelmed by too much ‘information’. Not 

everything should be preserved.  

Guidance (G1.4): For effective use and reuse of information, organisations may need to capture 

more varied types of relevant information at all appropriate levels in the enterprise and at each 

appropriate stage in the processes with which it is associated. For instance, the specifics of how 

a particular procedure was implemented in practice may be as relevant as the top-level design 

document in the future. A second example of information frequently overlooked today is 

rationale – why was a decision made, a design option chosen or discarded instead of another. 

Guidance (G1.5): Creation, recording and retention of information should go beyond just the 

information itself. A holistic approach should enable the creation, capture and retention of the 

organisation, the annotation, and the processing of information and relationships between 

information. For instance, being able to record the steps in manipulating information by an 

application or by a user enables the creation of ‘macros’ making processes repeatable – a 

technique which underlies associative and history-driven CAD. 

Guidance (G1.6): As the preceding two pieces of guidance indicate, applying this principle does 

not necessarily imply that less information will be created, recorded or retained, rather that these 

three processes will be applied in a smarter fashion. However, much information is created and 

recorded for other than informational purposes such as merely demonstrating ‘productivity’; this 

behaviour should be discouraged.  

Tags: Information entities 
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2.2 The Principle of Granularity 

Principle 2 (The Principle of Granularity): Record information in a storable 

information object at a granularity appropriate for use and reuse. 

Explanation (E2): The best size for each information object depends upon the needs of the 

business and associated tools and methods. This must be considered in terms of current needs 

and future expectations of how information may be reused. By recording information in an 

appropriately sized chunk, the complexity and cost of organisation, annotation, and processing 

can be reduced. Similarly, the coarseness or fineness of the granularity, i.e. degree of 

subdivision into ‘smaller’ objects, will have an impact on the usability and reusability of the 

information. 

Guidance (G2.1): Large chunks of recorded information, for example reports of tens or 

hundreds of pages, will contain information that is disparate in nature. As a result it may be 

difficult to disentangle relevant information to answer specific future questions and researching 

answers may be reduced to brute-force word and phrase searches. Creating or restructuring the 

information in smaller, more specific, chunks may ease reuse. 

Guidance (G2.2): If the chunks are too small (for example an individual database record as 

opposed to a database table with content and schema), then they may be so de-contextualized 

that they depend on the processing system that they are a part of to remain useful. If the linkages 

between the chunks and the associations to schema, ‘data books’ and similar are maintained, 

then substantial decomposition will be effective, without reducing the overall system’s 

flexibility, and may improve performance in other areas as well.  

Guidance (G2.3): The associations and relationships between information objects and the 

sequences by which information objects may be grouped and manipulated should themselves be 

storable as information objects. The classic directory structure need not be the sole mechanism 

for grouping information objects – extensive hyper-linking and such things as faceted 

classification schemes may be effective alternatives. 

Guidance (G2.4): The organisation’s needs and its current information management processes 

will provide an initial approximation to a useful degree of granularity, and information can then 

be further decomposed or aggregated from this baseline. 

Tags: Information objects, Relationships between Information objects 
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2.3 The Principle of Identity  

Principle 3 (The Principle of Identity): Give an information object a unique and 

persistent identifier. 

Explanation (E3): Unique identification of an information object allows it to be distinguished 

from all other information objects preventing confusion and error. Persistent identification of an 

information object ensures that it will always be possible to uniquely identify the information 

object, for example the identifier would survive changes to the information object, such as being 

relocated during an archiving process.  

Guidance (G3.1): Information object ‘names’ have traditionally taken two forms. The first form 

is intended to be human readable (e.g. a title, which may not be unique); the second form to 

identify the unique place an item occupies in a system (e.g. an ISBN). Often, the same ‘name’ 

will be employed in both roles and depending on its nature may not successfully satisfy human 

comprehensibility, uniqueness, or persistence. Information objects should have distinct ‘titles’ 

and ‘identifiers’. In particular, information systems should allow information objects, especially 

(but not limited to) those in the form of files, to have both useful titles (that enable humans to 

identify them) and coherent filenames (that serve to identify them within the information 

system.) 

Guidance (G3.2): Information objects, especially documents, should be given titles that reflect 

the activities they actually describe and/or the content within the information object. Titles 

should follow agreed and systematic conventions. 

Guidance (G3.3): An identifier can only be guaranteed to be unique in a specific context, i.e. a 

file in a person's private file space, but may need to be extended in some fashion to remain 

unique in a broader context (i.e. a file could be made universally identifiable by prefixing with a 

machine address and a directory path, e.g. web page URLs). An example of frequent bad 

practice is where individual academics submit papers to conferences where the filename 

consists of the conference name; for any particular academic, they submit only one paper to that 

conference, thus the name is unique to them, whereas conference organisers are deluged by 

multiple papers from different people, all with similar filenames which must be immediately 

modified. 

Guidance (G3.4): Persistence requires that an information object must always retain an 

identifier – if the identifier changes, then there must be a means of mapping from the old 

identifier to the new identifier, e.g. redirection links for moved web pages instead of broken 

links. An information object may have its title modified to something else and a second different 

information object may receive the old title. Care should be taken that the two information 

object identifiers do not lose their uniqueness and persistence in such cases.  

Guidance (G3.5): Over time, organisations can change through acquisitions, mergers, name 

changes, demergers, etc. The uniqueness and persistence should be preserved through 

organisational change, through the use of mappings that will relate the old context to the new 

context and vice versa. This is also a concern for consultancy organisations that collaborate with 

many partners on a variety of distinct projects. Each partner will have its own corporate culture 

and way of working, so identification schemes and mappings should be robust and flexible to 

accommodate these factors.  

Guidance (G3.6): Electronic information objects will have a filename. Ideally this name should 

be based on a formal file naming system adopted for utility within the environment in which the 

information will be used. File names can be used to good effect if they contain contextualizing 

information – affiliations, order of generation, versioning and so on – which is both human and 

machine readable. Such identifiers may be (partially) derived from the information's 
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characteristics. File naming conventions and the information systems that support them should 

be contrived, where practicable, to promote unique identification. 

Guidance (G3.7): If identifiers are not meaningful to humans, then the information system 

should either support the aliasing of identifiers to human-comprehensible names and/or full 

content searching. 

Guidance (G3.8): Some information entities may be strictly temporary and disposable in nature. 

Such information entities do not require unique and persistent identification. 

Tags: Information entities, Information objects, Information Collections 
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2.4 The Principle of Uniqueness 

Principle 4 (The Principle of Uniqueness): Create an information entity once only 

and explicitly reference it everywhere else. 

Explanation (E4): Many information entities (both information objects and fragments) see 

frequent reuse as the building blocks of reports, presentations, and designs. The temptation is to 

make an explicit copy of a useful information entity and simply embed the copy of the 

information entity into a new larger whole. This creates duplicates, which increase storage costs, 

and subtle variants, leading to confusion as to which is the definitive version and gradual 

fidelity loss with the original. 

Guidance (G4.1): To prevent duplication, make cross-reference links to information entities 

instead of explicitly copying and pasting, For instance, create a hyperlink to images rather than 

embedding them in PowerPoint; avoid sending documents as attachments, instead send a 

hyperlink to where the document can be found and accessed on a server. 

Guidance (G4.2): Pragmatically it may not be sensible, for instance, to take a presentation 

consisting of links to images rather than embedded images off-site because the networking 

infrastructure may not be able to guarantee that the links will work. Similarly, if a database 

management system cannot guarantee the ability to re-execute a series of queries generating a 

set of derived data because it cannot guarantee that the original data will persist, then it may be 

necessary to convert the derived data into an information object in its own right. Duplication for 

purposes deemed essential should be controlled and replications of information entities should 

be tracked and be traceable. 

Guidance (G4.3): Cross-references to information entities and the nature of the cross-references 

between information entities should be explicit so that connections are rendered visible. It 

should be possible to categorise the various forms of cross-referencing available – in 

implementation terms, software should formally ‘type’ cross-references. 

Guidance (G4.4): Sometimes multiple people will have to work on the same information object. 

Mechanisms should be in place to either merge work done on the same information object or to 

ensure that processing on any one object is purely sequential (one change at a time). For 

information systems, this will usually involve file locking. Typically most desktop applications 

will lock an entire file once one person opens it for writing – a possible alternative is to use 

wiki-based systems to create multi-authored files and documents, allowing simultaneous 

creation of different sections. Good practice needs to be instituted to prevent uncontrolled 

editing across an entire document – there should be a balance between editing the actual 

information object and annotating it with comments and suggestions.  

Guidance (G4.5): Defining an information object as a single instance does not contradict the 

need to create and maintain proper backups of objects. It does, however, require that backup 

copies should be used for archival purposes and not become a source of duplicate and/or variant 

versions of information entities. 

Guidance (G4.6): Related to the need for duplication of information objects for backup 

purposes, organisations need to consider the persistence of information objects owned by third 

parties but relied upon by the organisation. To prevent information being lost when an 

organisation enters administration or bankruptcy, either each organisation needs to have its own 

duplicates of such information objects or an information escrow facility should be established 

where information can be held in trust for the extended enterprise. 

Tags: Information entities, Information objects, Relationships between Information entities 
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2.5 The Principle of Usability 

Principle 5 (The Principle of Usability): Design an information object explicitly to 

achieve its intended goals. 

Explanation (E5): Information should be generated and delivered in such a way as to maximise 

its potential for being used to achieve a person’s or the organisation’s intended goal(s) with 

effectiveness, efficiency and/or satisfaction. 

Guidance (G5.1): Optimisation requires careful consideration of the content of the information 

and its organisation, the representation used and the means for making the information more 

accessible. 

Guidance (G5.2): Information objects should provide benefit through their intended and 

immediate use. The maxim is ‘First Be Useful’ to meet today’s needs. 

Guidance (G5.3): Designing for usability can be assisted by applying these heuristics: 

1. Information should be presented such that it is appropriate to the intended user and the 

intended setting of usage. Information should be written in the ‘language’ of the 

expected user, using familiar words, phrases and concepts, which are appropriate to 

the use setting (task, activity or function) for which the information is intended. 

It should follow the conventions of the usage setting, making information appear 

in a natural and logical order. 

2. The terms used for naming and describing artefacts, including materials, 

components, products and so forth, should be that conventionally used for them 

in the prevailing usage setting. New settings and new artefacts may necessitate 

new terms, which may require definition for clarity. 

3. Whenever information is provided in an information object, such as a document, 

the purpose of the information object should be clear with respect to the use 

setting. Whenever information is provided as a set of information objects, the 

relationships between the information objects should also be made explicit. The 

media, representation and the level of detail should be selected so that users get 

the information they need in the form they need. 

4. Information should support the expected user, assuming appropriate knowledge 

of the domain as necessary for the use setting. Where different (levels of) 

knowledge might be expected from different users, information should be 

supplied either separately or be so structured such that information redundant to 

one type of user is hidden or easily disregarded. Quick-reference information for 

expert users should be available. 

5. Information should be presented and structured within information objects that 

make it as natural and as easy to find within and utilise as possible. Choice of 

media type, structure and presentation should be balanced as necessary to 

achieve this.   

6. Different strategies for finding information, suiting different search styles, 

should be supported within the limits of the information object’s medium. 
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Examples include: information and document structuring, contents tables, 

indexes, meta-data, keywords, hyper-linking, annotation and visualization, etc. 

7. Where information is used to support a task, it should be structured around the 

task, reflect the conditions in which it will be performed, and be at the 

appropriate level of detail. 

8. Terminology, structure and editorial style should, where possible, be consistent 

within and across documented information and - as appropriate - conform to 

local or global documentation standards and procedures published for this 

purpose. 

9. Information provided in different forms but which logically belongs together 

should be organized as an actual or virtual set such as to promote the efficiency, 

effectiveness and satisfaction (ISO 9241) of carrying out the associated tasks, 

activities and functions for which the information is provided. Where necessary, 

information explaining the use of the information item set should be provided, 

together with the navigation and search facilities necessary for easy information 

retrieval and reuse. 

10. Information structures and templates should be created that make it easier to 

record and retain information systematically. For example, an organisation 

should create standard and specialised document templates appropriate to the 

applications and activities of the organisation, e.g. standard failure reports, 

change request forms, invoices, etc. One document or information template will 

not fit all purposes; distinct activities and applications will require distinct 

templates. 

Guidance (G5.4): Where there are multiple disparate classes of expected users with 

differing ‘languages’, there may be no best choice for an intended user of the 

information. In such cases, the representation of the information should be general and 

translatable to the use of the users, not necessarily the language of the users. 

Guidance (G5.5): Information objects, should be, where appropriate, represented in easily 

recognisable and understandable formats where combinations of information or annotations are 

output through which a user or users can quickly understand the relevant concept and/or 

process. Organisations should define these formats by seeking input from the potential users of 

such information before formalising their output. 

Guidance (G5.6): A key danger in practice, which can compromise the effectiveness of 

this Principle, the Principle of Reusability, and the Principle of Parsimony, is the design 

of information for the minimum requirement, the minimum immediate need. Design with 

flexibility and an eye to the future to avoid this trap. 

Tags: Information entities, Information objects 
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2.6 The Principle of Reusability 

Principle 6 (The Principle of Reusability): Design an information object explicitly 

to maximise its potential for reuse wherever appropriate. 

Explanation (E6): Information is resource-intensive throughout its life cycle. Maximising the 

reusability of information maximises the efficiency of reuse. Efficient reuse means that the 

enterprise can derive future benefit from information created today and can avoid needless 

recreation of today’s information in the future. 

Guidance (G6.1): Usability concerns the use of information in a ‘local’ context. Reusability 

concerns the use of that information beyond that initial ‘local’ context to different organisational 

or geographical contexts (reuse of information in an extended enterprise or across the supply 

chain) to different temporal contexts (reuse of information in the future where the timescale for 

reuse could be several years or several decades) and to different functional contexts (reuse of 

information for purposes other than those for which it was initially created and recorded). Some 

or all of these different reuse contexts may need to be considered when an information entity is 

designed and recorded. 

Guidance (G6.2): Annotation of information entities (both objects and fragments) with meta-

information can be an effective technique for making them more reusable. Annotation enables 

information entities to be explicitly qualified in terms of characteristics such as maturity and 

provenance. Annotation may be used to record how an information entity changes with time, for 

example to capture different versions of a plan or a process or to capture the ebb and flow of 

argumentation in a discussion. 

Guidance (G6.3): Information workers should use the facilities available in software tools to 

annotate information entities with meta-information and annotations that are and will be useful 

to current and future business needs. For instance, even standard office packages allow 

document creators to annotate documents with user-level Properties, while web page standards 

permit metadata tagging which can assist retrieval. Wherever possible, the structure of meta-

information and annotations should be formalised. Additionally their subsequent construction 

should be automated, if practical, to reduce the overhead on the information worker.  

Tags: Information entities, Information objects, Information Processing 
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2.7 The Principle of Evaluation 

Principle 7 (The Principle of Evaluation): Assess and assign the value of an 

information object throughout its life from creation to disposal. 

Explanation (E7): The value and criticality of specific information objects to the business will 

be influenced by a great many factors and will change over time as the influence of these factors 

themselves change. Thus, this value may increase or decrease. Some information objects will 

become more important as time passes because, for instance, the experts who created them are 

no longer employed by the organisation. Similarly some information has a natural ‘half-life’ and 

becomes less valuable as time passes. The value placed upon information may vary dependent 

on the perspective of the valuer. The perspective will be dictated by such things as the rôle the 

individual plays in the company, the maturity and integrity of the information (which will have 

a bearing on its authority, trustworthiness, and so on) and the form and rôle of the information. 

Guidance (G7.1): Annotation of information using appropriate meta-information is required for 

efficient and automatic assignment and evaluation of the value of information objects. 

Information objects can be characterised along many dimensions including information 

maturity, progress within a process, integrity, provenance, frequency and timing of changes, etc. 

Any and all of these could potentially be used as annotations and, in turn, be useful individually 

or collectively as a measure or measures of the value of the information object.  

Guidance (G7.2): Wherever possible, the evaluation process needs to be automated so as to 

avoid burdening the end user with extra administrative work. Where automatic evaluation is 

difficult to achieve, then simple, conservative heuristics or short checklists should be designed 

to enable end users to perform the evaluation with a minimum of effort and cost.  

Guidance (G7.3): The value of information objects and the process of assignment and 

evaluation are context-dependent; there are no absolute values. In particular, the value of 

information for management purposes will differ from the value of information for use to satisfy 

an information need, say in design, manufacturing, or service. 

Guidance (G7.4): Regular reflection on information usage will be helpful in assessing the value 

of specific types of information objects. By considering what information has been previously 

useful for reuse or would have been useful had it been properly recorded, it is possible to 

perceive the future value of similar information objects and ensure that the right information is 

recorded. 

Guidance (G7.5): The scalability and sustainability of an information system requires synthesis 

and discarding of obsolete information. The information’s cost (to capture, to store, and to 

maintain) and its subsequent value in reuse compared to the cost to reinvent that information 

should be the criteria for information storage and information discarding. 

Guidance (G7.6): Deciding what to retain and what to discard is a difficult decision, particularly 

when some future business needs defy prediction. A possible partial solution is to consider 

multiple hierarchies of storage where ease and speed of access and assessment of value is traded 

against storage size and cost. Such hierarchical storage management strategies are ubiquitous in 

modern computing as processor caches versus main memory, local hard disks versus remote 

servers and optical jukeboxes. 

Tags: Information objects, Information Collections 
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2.8 The Principle of Portability 

Principle 8 (The Principle of Portability): Create an information entity and its 

annotations systematically using representations supporting perpetual reuse. 

Explanation (E8): For reuse to be even potentially possible in the future, the file and other 

formats used to record information entities and their annotations must remain readable. 

Readability is a necessary but not a sufficient condition for reuse. Information objects must 

allow their information to be extracted in its ‘raw’ form so that the information can be actually 

reused, rather than merely read. 

Guidance (G8.1): Archiving systems should employ standards (such as XML) and open-source 

approaches to maximise the retrievable lifespan of information objects. Proprietary file formats 

require specialist software to guarantee their readability. The existence of such software in the 

future is directly tied to the continued survival of the software vendors and their willingness to 

provide backwards-compatibility. Standards and open-source approaches make reader support 

more generally available and, in extremis, enable reader software to be recreated. XML 

representations are normally human-readable, rendering their structure and content transparent. 

Guidance (G8.2): The structure and meaning of the information object, rather than just its 

format, should also obey standards. This will help to preserve both the integrity of the 

information object itself and the integrity of how to interpret it. For example, information 

objects that encapsulate shape, which must be processed to be seen, and must be seen to be used 

and understood, should have their interpretation preserved. By preserving both levels of 

integrity, ‘semantic drift’ in the meaning of an information object will be avoided. It is 

unnecessary for an information object to have perfect integrity so long as its degree of integrity 

is explicit and guaranteed – even untrustworthy information can be useful if treated with 

appropriate caution.  

Guidance (G8.3): For complex representations, preserving information objects such as files in 

multiple formats may be an effective means of ensuring that at least one format is still readable 

and reusable in the long-term. In creating such electronic ‘Rosetta Stones’, care should be taken 

to determine what is preserved by a given format (e.g. some file conversions can lose 

information) and that a suite of formats does not become a back-door to proliferation of variant 

working copies of information entities. 

Guidance (G8.4): Proprietary formats can embed information entities within a larger context in 

ways that make it difficult to reuse the information entities, e.g. embedded graphics in Word or 

PDF documents are not easily reusable. Open-source and standard approaches frequently record 

information in more ‘raw’, ‘simpler’ textual formats, making it easier to extract the information 

entity. The trade-off for such rawness or simplicity in electronic information objects is 

frequently file size.  

Guidance (G8.5): The degree of simplicity or rawness desirable in a perpetual representation 

will vary according to the needs of the business application. In some circumstances, being able 

to extract an original picture or diagram will be sufficient. In other circumstances, simply being 

able to extract and reuse a graph or a chart will be insufficient because it is not the presentation 

of the chart that is important. Rather it is the data itself used to create the chart, which is the 

desired information for reuse. 

Tags: Information entities, Information objects, Interoperability and Archiving 
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2.9 The Principle of Robustness 

Principle 9 (The Principle of Robustness): Use robust methods to capture, create 

and manipulate information entities. 

Explanation (E9): ‘Garbage In, Garbage Out’ holds true with any computer system. Ambiguous 

procedures enable the same operation to be performed in two or more distinct fashions, and the 

outcomes may also be distinct and potentially incorrect. Procedures should be systematic and 

unambiguous. Complex, detailed or tedious procedures can be burdensome for people and be 

error-prone when performed manually. 

Guidance (G9.1): Where appropriate, the administrative tasks associated with information 

entities and their annotation should be automated as this will reduce the opportunities of human 

error. Additionally this will reduce the amount of extra work needed to complete a task that 

could otherwise be added by comprehensive and effective management of information entities. 

An information system that does not significantly add to people’s workloads is more likely to be 

adopted than one that entails extra work. 

Guidance (G9.2): Capture of human-supplied data should seek to minimise error. Maintenance 

and in-service records will frequently exhibit inconsistent use of terminology and spelling 

errors, which can degrade text retrieval and mining techniques. Prescribed data-entry 

techniques, e.g. control vocabulary and pull-down menus, and structured English (e.g. for 

product names) can avoid many of these issues. One risk with pull-down menus (and similar) is 

that some users will simply choose the top item from the list to save time if they have no interest 

in the data. Such behaviour should be discouraged as it degrades the quality of the information. 

Guidance (G9.3): Automated procedures for information entity management should be 

thoroughly verified and validated. An organisation gains little benefit from storing information 

entities if the processes of capture or manipulation introduce systemic errors that then require 

laborious human effort to rectify. 

Guidance (G9.4): The goal is to minimise unnecessary human workload and intervention in the 

process. The goal is not to remove people from the loop. People have expert knowledge and 

common sense that computer software lacks. Allow people to use their abilities as a check and 

balance on the automated procedures to spot mistakes that have originated in an earlier stage of 

a process or to catch circumstances that the systems have not been designed to handle. 

Guidance (G9.5): Search and retrieval mechanisms must be able to scale as an information 

object store grows such that neither recall nor precision are significantly degraded.   

Tags: Human Factors, Information entities, Interoperability and Archiving  
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2.10 The Principle of Discovery 

Principle 10 (The Principle of Discovery): Actively employ the information 

repository as a resource for learning and discovery. 

Explanation (E10): Where information and data are gathered together in large quantities, the 

opportunity arises for using them as a collective resource for learning by using pattern-searching 

technologies, such as those employed in text and data mining. These techniques can expose 

statistical patterns in the data, which indicate relationships between items of information that 

may hitherto have been unknown, thus revealing new and unexpected knowledge. An example 

of this might be where a repeated occurrence of failure in a product can be seen, through 

statistical scrutiny, to be linked to use conditions occurring in a particular order or combination. 

Guidance (G10.1): Where possible, design information entities in such a way as to support 

future knowledge extraction. Such support is enshrined in and is an extra benefit of other 

preceding Principles, which improve record structure and organisation through such things as 

the use of template-driven document generation, the use of annotation and meta-information, 

and so on.  

Guidance (G10.2): Adopt recording approaches which allow multiple perspectives or user 

viewpoints on the information to be maintained, extending the scope of future knowledge 

extraction. Maintaining reuse perspectives can repay people’s time and commitment in the 

present for their own benefit in the future. 

Guidance (G10.3): Data logging and other monitoring devices can very quickly produce large 

amounts of potentially useful data. Maximize the use of such data by identifying in advance 

useful relationships, and model the information in such a way to optimise analysis for 

prediction. 

Guidance (G10.4): Accurate learning is dependent on achieving low error rates in recording. In 

documentary-type reporting, prescribing or controlling the bounds of information entry, using 

such things as controlled vocabularies, taxonomy or user selection based on pull-down menus 

assist in doing this. 

Guidance (G10.5): Organisations, like individuals, should learn from their mistakes and the 

mistakes of individuals within the organisation. ‘Lessons learned’ systems can be associated 

with negative experiences and a reluctance to admit mistakes for fear of being adversely judged. 

Try to provide ‘safe’ non-discriminatory reporting environments, which allow the reporting of 

negative experiences or outcomes without rebound on the reporter. This promotes objective 

reporting especially of sensitive matters concerned with failure, non-compliance and mistakes, 

these often being the things from which most can be learned. Objective reporting practices are 

preferred because opinions can reduce confidence and accuracy in the reuse of organisational 

memory elements. An example of this is the Confidential Human Factors Incident Reporting 

Programme used by the UK’s civil aviation authority, which allows aircrew to report dangerous 

incidents without the reporters being identified by peers or superiors.  

Guidance (G10.6): Organisations, like individuals, should also learn from and celebrate their 

successes. ‘Lessons learned’ systems should be implemented which seek to capture innovative 

solutions and success stories, and an understanding of the reasons for the success. 

Guidance (G10.7): In order to close the loop, continuous improvement practices and initiatives 

should be embedded. Any learning opportunities should be targeted and made accessible to the 

correct audience. For example, identify the target audience for the sharing of lessons learned 

and promote Communities of Practice (COPs). 
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Guidance (G10.8): Make commercial and infrastructural arrangements upfront with regard to 

policies for collecting data and information that will prove beneficial for learning and discovery. 

Guidance (G10.9): There is an apparent tension between this Principle and the Principle of 

Parsimony. For some classes of information entity, parsimonious processes will be more 

appropriate. For others, the cost-benefit analysis will suggest that it is more beneficial to have a 

substantial information repository for mining. The elements that come to comprise the 

repository may be recorded in a lean and parsimonious fashion. 

Tags: Human Factors, Information Collections, Information Processing 
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2.11 The Principle of Design 

Principle 11 (The Principle of Design): Design all aspects of information 

management to satisfy the organisation’s current and future needs. 

Explanation (E11): Information has asymmetric properties – for example, it is easy to create but 

hard to trust, it is easy to spread but hard to control. Such properties mean that information 

entities require careful management strategies. Information entities must be properly managed at 

all stages of their life cycle if they are to benefit the organisation in the short and long term.  

Guidance (G11.1): In this context, management strategies should be applied to the creation, 

annotation, storage, retrieval, manipulation, dissemination and obsolescence of information 

entities. Narrowly focusing on managing one aspect of an information entity while neglecting 

all others is unhelpful. 

Guidance (G11.2): Management strategies should promote prudence in the generation, 

recording and retention of information. Every activity associated with, and aspect of, 

information is resource-hungry. Management practices that fail (implicitly or explicitly) to 

question the generation of information are inefficient. 

Guidance (G11.3): Strategies should be designed for the benefit of the organisation. Information 

and information entities should be servants of the organisation, not its masters. Sometimes, 

however, it will be necessary for people and the organisation to adapt to changing practices. 

Guidance (G11.4): The needs of the organisation include the socio-technical needs of the people 

and the technical needs of processes, software tools and so forth. In many cases, the needs of 

external supply chains, corporate partners, and the business environment should also be 

considered in shaping strategies. 

Guidance (G11.5): Strategies should seek short-term benefits from information entities as well 

as long-term benefits. Short-term benefits give people and the organisation an immediate return 

on their investment and encourage wider adoption, thus ensuring the efforts are maintained and 

so enabling the realisation of longer-term benefits. Strategies that only provide long-term 

benefits frequently fail because the personnel making the effort are unlikely to receive them 

(they may have left the organisation, been promoted, etc.) and so there is little incentive to do 

extra work for a nebulous future ‘common good’.  

Guidance (G11.6): As an example management requirement, if information objects are divided 

into multiple information stores, say local, group and enterprise-level, then there should be a 

strategy for the management of each information store, and for deciding on the movement of 

information among the different information stores. The quality and maturity of the information 

objects may provide criteria to guide the development of strategies for information 

communication.  

Guidance (G11.7): Appropriate dissemination is integral to effective use and reuse of 

knowledge. Information objects should be shared as appropriate to the circumstances, at 

the appropriate time, to the appropriate audience according to the needs of the 

organisation. The value of information can be increased by sharing with an appropriate 

audience at the appropriate time. The converse also applies. 

Guidance (G11.8): One barrier to reuse is that information workers are reluctant to use 

information that they, or someone whom they respect, have not created. By managing both the 

integrity of information and its interpretation, end users can have confidence in information 

whose provenance is not personally known to them. 
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Guidance (G11.9): A chief information officer may help to champion an effective information 

reuse strategy to encourage good information and knowledge management practice. 

Guidance (G11.10): Good information and knowledge management practices should be 

encouraged using reward and incentivisation mechanisms. 

Tags: Human Factors, Information Collections 
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3. GLOSSARY FOR THE PRINCIPLES 

3.1 Definitions 

‘Once we recognise that a definition is, strictly speaking, neither true nor false but rather a 

resolution to use language in a certain way, we are able to pass the only judgement that ever 

needs to be passed on a definition, a judgement of utility or inutility.’ (Felix Cohen, 1950)  

The definitions given here should be considered as being in the spirit of the above quotation. 

This glossary is not a proposal of ultimate definitions, merely a tool to improve understanding 

by making clearer our intended meanings of terms. 

TERM DEFINITION SOURCE 

Data Discrete symbolic representations (numbers, 

symbols, figures) without context and 

interpretation. 

(M.J. Darlington, definition, 

unpublished) 

Explanation: 

• Information is the 

‘stuff which informs’ 

being the message 

content of a 

representation. 

In data: 

• The individual 

symbols are not known 

(the semiotics are not 

known), or 

• The individual 

symbols are known, but 

the combination is 

meaningless: the 

semiotics are known, the 

syntactics are not. 

• Meaningless 

representational 

precursor to information. 

Must be given an 

interpretation context and 

passed through an 

interpretation process before 

information is available.  

Granularity Granularity is the degree to which an entity or 

system, its description or its observation is 

subdivided into smaller parts.  

N.H.M. Caldwell, informal 

from Wikipedia 

Information Information is the meaningful content of a 

description or message which, when 

interpreted, allows a change in knowledge 

state. 

By definition it is the stuff which ‘informs’, 

but:  “Information is ‘abstract, intangible, 

immaterial’. ” 

 

 

Darlington, et al (2008) and  

Curtis Wright (1976) cited in 

Darlington. et al (2008) p119 
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Information 

entity 

Any of the ‘things’ which carry information 

and in which information is recorded. These 

include, amongst other things, the formally 

defined information entity types: information 

fragment (cf), information object (cf) and  

information system (cf) and non-formal things 

which carry information – but which do not 

qualify as being one of the formally defined 

information entity types – such as a scrap of 

paper with a note on it,  a sketch, a 

photographic image, etc. 

M.J. Darlington, informal, 

but found used in context in 

Darlington, et al (2008) 

Information 

fragment 

An information fragment is any meaningful 

sub-part of an information object, which is 

meaningful by virtue of the information it 

contains 

Darlington, et al. (2008, 

p121) 

Information 

object 

A physical or electronic information entity that 

purposefully has: an object-like form (a book) 

or takes on object-like characteristics (the 

electronic analogue of a book) and is 

individually identifiable by virtue of 

individuating structure (e.g. has the form of a 

book) and contextual information (such as 

author, title, date of creation, etc). Examples 

of physical information objects are a business 

card, a text book and a printed report; 

examples of an electronic object are a textual 

report as represented in or on a computer; a 

database report, a 3D computational model, an 

engineering drawing. 

Derived from Ziade & 

Kittredge (2005) as quoted 

in Darlington, et al. (2008, 

p120) 

 

Information 

system 

An information system is a physical or 

electronic system that combines a collection of 

data, information fragments or information 

objects with the infrastructure necessary to 

organize, collect, create, disseminate or deliver 

them 

Darlington, et al. (2008, 

p122) 

Information 

usability 

The extent to which the information can be 

used to achieve a person’s intended goal(s) 

with effectiveness, efficiency or satisfaction 

Darlington, et al. (2008b) 

Information 

value 

Information value has been defined formally as 

the outcome of an assessment of the trade-off 

between what is given to have information and 

the benefit to be gained from having it.  

It can also be interpreted more informally to be 

the ‘worth’ of the information. This is a 

stakeholder-centric view, which recognizes 

that each stakeholder will have their own 

perspective on what constitutes value in 

information and what criterion and metrics 

are appropriate for its measurement. As 

such the variables chosen in any evaluation 

will be context dependent 

 

From Darlington, et al. 

(2008b) and Thompson, et 

al. (2003) 
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Information 

worker 

A person who works primarily with 

information or one who develops and uses 

information in the workplace 

From Drucker, P. (1959) 

‘knowledge worker’ 

Knowledge An individual’s stock of information, skills, 

experience, beliefs and memories (Alexander 

et al., 1991), that being an intangible resource 

exists within the mind of the individual 

(Sveiby 1997).   

 

Meta-

information 

(aka metadata) 

Information about information (more usually 

expressed as data about data) 

Digital Curation Centre’s 

definition of metadata 

(glossary term 53) 

Principle A fundamental generalization that, as a result 

of experience, is accepted as true and that can 

be used as a basis for reasoning or conduct 

The sense is taken from 

Wordnet 

3.2 List of Tags 

The complete list of tags used in this document is as follows: 

• Human Factors 

• Information Collections 

• Information entities 

• Information objects 

• Information Processing 

• Interoperability and Archiving 

• Relationships between Information entities 

• Relationships between Information objects 
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5. APPENDIX OF EVIDENCE, DEMONSTRATIONS, TOOLS AND TECHNIQUES 

As part of the iterative development process for generating the Principles, supporting 

information was gathered to provide evidence of the Principles in action and available 

tools and techniques representing best practice. This has been divided up into 

“Evidence”, “Demonstration”, and “Tools and Techniques”. The material here was 

deemed appropriate at the time of writing, but better exemplars may appear over time. It 

is expected that this appendix will be expanded and revised as necessary. 



Principles for Through-life Management of Engineering Information 

 29 of 40 

5.1 Parsimony 

Create, record and retain information only if necessary. 

No supporting material currently available. 
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5.2 Granularity 

Record information in a storable information object at a granularity appropriate 

for use and reuse. 

Evidence (V2.1): An aerospace manufacturing company have reconsidered their structural 

analysis processes to allow manipulation of coherent objects, for example specific load cases, 

material properties, and items of geometry.  These are stored as individual objects in a Product 

Data Management (PDM) system, which catalogues each object against various different 

dimensions or facets, including the specific data type, the relevant load iteration and the relevant 

product structure node.  This contrasts with previous methods, principally NASTRAN, which 

encompassed conceptually different information – including part geometry, loading, material 

properties and boundary conditions – in a single object (in this case a file) and as such could not 

be treated individually. 

Evidence (V2.2): The Chemical Mark-up Language (CML) defines the permissible range of 

elements within the domain of chemical engineering including molecules, reactions, and 

spectral data.  By capturing information in this format, it may be processed, formatted and 

presented as required. 

Evidence (V2.3): The Darwin Information Typing Architecture (DITA) allows small self-

contained topics of information to be generated for application in a variety of roles within 

technical documentation (see also the S1000D documentation standard).  

Demonstration (D2.1): Composite documents and Topic Maps may be assembled from 

underpinning XML records of activities, using either XSL Transforms for a particular document 

or JavaScript to produce a Topic Map.   

Demonstration (D2.2): Manufacturing expertise, which is codified as discrete elements may be 

retrieved according to the design context (product and part type, specific geometry and material 

etc.) and reused for new products. 

Demonstration (D2.3): A meeting may be decomposed into timeline-based sections, each 

dealing with specific agenda items or actions arising, such that these may be revisited if so 

required. 

Demonstration (D2.4):  COSTAR and BAMZOOKi both log the user activities in an XML/PSL 

format, which is straightforward to parse in real-time. Also, fragments of repeating XML/PSL 

sequences have been identified to help recognise when a user is carrying out a known activity. 

From these more structured representations further processing can be carried out to provide 

other, easily understandable outputs. The latter should be specified, implemented and evaluated 

in conjunction with the potential users of these data. 

Tools and Techniques (T2.1): Environments such as CAESAM by SAMTech allow 

manipulation of objects within a computational analytical environment, where objects may be 

combined as needed to construct a given analysis. 

Tools and Techniques (T2.2): Arbortext XML editor (http://www.ptc.com/products/arbortext/) 

Tools and Techniques (T2.3): Logic Programming Associates’ ScaffoldIT 

(http://www.lpa.co.uk/sct.htm) creates new documents by assembling chunks of correct text 

from a superset of content using logical rules. 

http://www.ptc.com/products/arbortext/
http://www.lpa.co.uk/sct.htm
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5.3 Identity 

Give an information object a unique and persistent identifier. 

Evidence (V3.1): The Topic Map paradigm seeks to construct maps of relationships between 

topics contained in disparate document corpora or information sets.  These maps are abstract 

networks of interconnected nodes with Uniform Resource Indicators (URIs) defining where a 

given topic appears in a tangible information resource.  In order to uniquely and 

comprehensively identify a topic, and thus ensure that identical topics in separate maps are 

merged when the maps are combined, Published Subject Indicators (PSIs) are defined.  These 

PSIs are uniquely named and rigorously maintained addressable objects. 

Evidence (V3.2): Manufacturing Drawings and General Assemblies have unique IDs with 

version numbers, which is also frequently the case for formal reports. Physical components will 

have an ID that identifies their type uniquely, and in many industries, will have a further ID that 

identifies them uniquely as a specific instance of that type of part (perhaps implemented via 

RFID tags). 

Evidence (V3.3): Publishers assign International Standard Book Numbers (ISBNs) to books 

under Standard ISO 2108. 

Demonstration (D3.1): Documentation within the KIM project is assigned a unique identifier 

via an automated system.  This identifier includes such detail as the type of document, the 

author, relevant project task and iteration number. 

Demonstration (D3.2): The COSTAR log file’s filename contains the participant ID, task ID 

and the time and date of the session and every subsequent activity. BAMZOOKi log file’s 

filename contains the time and date of the design session, and also the ID of the PC that was 

used. Each component in the COSTAR VR environment has a unique ID. Each body part used 

to create the Zook in BAMZOOKi has a unique body part number. Without these unique 

identifiers the structured generation of assembly plans and other product and process 

information, such as IDEF and DRed diagrams, would simply not be possible. 

Tools and Techniques (T3.1): The Topic Map paradigm uses Published Subject Indicators 

(PSIs) to consistently define and identify specific topics.  These take the form of URIs. These 

URIs (Uniform Resource Identifiers) are more generally used to identify specific entities on the 

Internet. Each may incorporate a Uniform Resource Locator (URL), which defines where the 

entity may be physically located and a Uniform Resource Name (URN) to provide an identity 

by which to refer to the entity. 

Tools and Techniques (T3.2): Various industry sectors support unique coding systems, e.g. 

EANCOM for consumer goods and NSN for defence. 
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5.4 Uniqueness 

Create an information entity once only and explicitly reference it everywhere else. 

Evidence (V4.1): The CML language, described as part of the evidence for principle 3, allows 

information to be generated in a standard form such that alternative views – for example 

academic publications – may be direct translations of this underpinning information instead of 

modified replicas. 

Demonstration (D4.1): The Transaction Capture tool allows a transactional (information 

manipulation) activity to be recorded as an information flow and a series of such activities to be 

visualised either as a webpage-based document or as a Topic Map node-arc diagram. 

Demonstration (D4.2): Manufacturing knowledge, expressed as the preferred means of 

manufacturing a given part, differs depending both upon the family of the part and the family of 

the feature.  Much of this knowledge will be similar but its applicability will vary depending 

upon the context of the design problem.  By documenting such knowledge once only, and 

providing a framework through which it may be retrieved depending upon certain intersected 

conditions, the duplication of information in separate records for each part and feature family 

may be avoided. By referring to design, service and manufacturing information contained within 

native databases, a service instruction may be produced taking such information into account  

Tools and Techniques (T4.1): DRed (Design Rationale Editor) includes ‘tunnels’ which allow 

networks constructed within one map to be referenced within another. 

Tools and Techniques (T4.2): Wikipedia allows topics to be discussed in depth and references to 

the topic in other articles are linked to the original source. 
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5.5 Usability 

Design an information object explicitly to achieve its intended goals.  

Evidence: No current best practice from academia or industry has been proposed as appropriate 

evidence. 

Demonstration (D5.1): The COSTAR and BAMZOOKi instantiations automatically output and 

show various readable formats of similar procedures and processes which can be easily 

understood and analysed, e.g. IDEF diagrams, sequential textual descriptions in English syntax, 

information push, recorded video files subsequently annotated with English syntax and, where 

appropriate, assembly plans. Easily understood DRed diagrams are also generated which can 

facilitate product design and associated process discussions.  Where possible, particularly for 

automated information generation, the logging of all computer interaction activities using a time 

stamp enables the creation of combined metadata task and process representations from a 

number of sources, e.g. video and English syntax generation. 

By automatically generating English-syntax instructions for cable harness and haptic discrete 

product assembly planning, important information, relating to design and assembly processes, 

can be presented to the end user in a simple-to-understand format. This can be further enhanced 

by the automatic video capture and associated textual enhancement of the assembly activities. 

Tools and Techniques (T5.1): DRed and Compendium for facilitating dialogue, discussion and 

decision-making in the present which may be valuable rationale to preserve for the future. 

Tools and Techniques (T5.2): standard document templates. 
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5.6 Reusability 

Design an information object explicitly to maximise its potential for reuse 

wherever appropriate. 

Evidence (V6.1): Referring to the aerospace structural analysis work described in the supporting 

evidence for principle 2, the original tool, NASTRAN, required all information relating to 

geometry, structure, load, material and boundary conditions to be loaded into the same input 

file.  An improved approach allows each entity to be maintained separately such that each may 

be reused in alternative contexts, for example in a different form of analysis or under different 

iterations of analysis. 

Evidence (V6.2): XML is intended to separate information content from information supporting 

its processing, Hence its utilisation allows information to be reused in as-yet undecided 

contexts. 

Demonstration (D6.1): The Transaction Capture tool allows design episodes to be captured as 

distinct activities, which may be assimilated as required to provide a perspective of the episode 

over any required scale or scope. 

Demonstration (D6.2): Automated annotation of video-captured design sessions at Heriot-Watt 

can aid in the training of new users and can also give explicit and simple descriptions of the 

important processes that occur during a design session. 

Demonstration (D6.3): Information help push instantiations for virtual cable harness design and 

BAMZOOKi design demonstrate that the appropriate reuse of information can be made possible 

through the interactive logging of user behaviour. Different formats of information and 

knowledge can be pushed at users in this context, at the moment these are limited to English 

syntax instructions, IDEF charts and assembly plans. 

Demonstration (D6.4): Lian Ding’s (University of Bath) work on annotating CAD models using 

“stand-off” annotation enables additional information concerning design features such as 

constraints to be stored in a way that permits multiple viewpoints and reuse by different actors 

at multiple phases in the design life cycle. 

Tools and Techniques (T6.1): Annotation of information chunks in the Integrated Clinical 

Information Database (ICID). 
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5.7 Evaluation 

Assess and assign the value of an information object throughout its life from 

creation to disposal. 

Evidence (V7.1): An aerospace and defence manufacturer promotes the use of wiki pages within 

communities of practice, and monitor factors such as frequency of change and breadth and 

extent of involvement.  When certain criteria are met, and the wiki page is considered of great 

enough value, it is gradually migrated to one or more formally published and maintained 

guideline or policy documents. 

Evidence (V7.2): Most companies require certain high-value documents to be formally signed-

off both as a stage-gate but also to guarantee the validity of the contained information. 

Demonstration (D7.1): The information value work from KIM provides a framework by which 

the value of a document may be assessed, in doing so providing a guide by which to assess 

archiving strategy for a document corpus. 

Demonstration (D7.2): The CiFlex software system developed by Duncan Campbell suggests 

that monitoring user activity in terms of documents interacted with can assist in future tasks by 

indicating documents of probable interest. 

Tools and Techniques (T7.1): Google’s PageRank™ ranks returned web pages and documents 

according to the ‘authority’ of the specific entity and other referencing sources. 
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5.8 Portability 

Create an information entity and its annotations systematically using 

representations supporting perpetual reuse. 

Evidence (V8.1): The increasing ubiquity of XML-based representations supports a greater 

accessibility of the underpinning informational content of a record.  Open Standards, such as 

HTML and SVG (Scalable Vector Graphics), provide a community-wide agreed mechanism for 

expressing specific information entities, and whilst subject to obsolescence as they become 

outmoded (for example as PNG replaces GIF) they are not subject to proprietary controlling 

interests. 

Demonstration (D8.1): The ‘Digital Object’ includes both an information entity plus reference 

information pertaining to the software or environment needed to render or process the entity. 

Demonstration (D8.2): The CML language allows molecular information to be stored such that 

subsequent applications may readily process the underlying information. 

Demonstration (D8.3): COSTAR and BAMZOOKi both log the user activities in an XML/PSL 

format, which are formats that are widely supported in many applications, and can also be easily 

parsed to extract the data content either at that moment, or later if required, and represent it in 

other formats. 

Tools and Techniques (T8.1): Office Open XML has become the first openly published 

representation for the ubiquitous Microsoft Office™ office automation suite. 
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5.9 Robustness 

Use robust methods to capture, create and manipulate information entities. 

Evidence (V9.1): A faceted classification scheme was successfully developed for organising 

structural analysis data within an aerospace manufacturing company.  Each information entity 

was classified by selecting appropriate classes within drop-down boxes, thus increasing 

consistency of cataloguing and easing later retrieval. 

Demonstration (D9.1): Heriot-Watt’s virtual reality environment allows for detailed records of a 

user’s interactions with a design problem to be automatically captured both as a documentary 

record and to support future work – when a user is seen to be uncertain, a potential solution may 

be proposed based upon previous design episodes. In a broader context this would substantially 

reduce unnecessary user’s workload or intervention on capturing this information. 

Demonstration (D9.2): The Transaction Capture tool allows activities to be constructed using 

previously defined information entities through drop-down boxes, thus reducing transcription 

error. 

Demonstration (D9.3): The Waypoint Faceted Classification environment was used to 

categorise in-service queries received from distributed sources.  These queries were received as 

free-text narratives, and by categorising these using logical rules, each could be expressed using 

concepts defined within a controlled vocabulary (the categorisation classes).  Subsequent Data 

Mining of the results successfully identified specific conditions within which issues were 

frequently seen, thus highlighting areas where redesign could provide benefits to system 

performance. 

Demonstration (D9.4): A repository of lightweight CAD representations were created (by Alex 

Ball on the KIM project) using the Open Archival Information System paradigm as a means of 

demonstrating how lightweight formats, layered annotation, and collecting representation 

information can be used to support long-term reuse in a robust manner. 

Demonstration (D9.5): Multimedia minutes can be used to capture the interactions of a meeting 

in both audio and video, matching these to agendas and transcripts. 

Tools and Techniques (T9.1): Open Archival Information System repositories. 
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5.10 Discovery 

Actively employ the information repository as a resource for learning and 

discovery. 

Evidence (V10.1): Many companies utilise Lessons Learnt databases to document and make 

available evidence-based reflections from previous projects, both negative and positive. 

Demonstration (D10.1): In-service queries contain information describing how successfully a 

product is operating in service and the conditions it is being subjected to.  By monitoring 

received queries, and mining these records to reveal consistent issues, it is possible to deduce 

both components susceptible to failure (or otherwise suboptimal performance) and to 

understand under which situations such issues arise. 

Demonstration (D10.2): The Distributed Aircraft Maintenance Environment (DAME) project 

sought to provide a means of predictive maintenance of civil aero engines by monitoring certain 

parameters and mining records to deduce patterns indicative of reduced performance. 

Demonstration (D10.3): Interactive online help system in COSTAR and BAMZOOKi 

automatically pushes helpful information to the user if the system recognises the task being 

carried out by the user. In the case of BAMZOOKi, assistance is only offered if the user has 

been unable to create a design, which achieves the required performance targets. 

Tools and Techniques (T10.1): data and text mining as techniques for deriving new information 

from existing repositories  

Tools and Techniques (T10.2): Confidential Human Factors Incident Reporting Programme 
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5.11 Design 

Design all aspects of information management to satisfy the organisation’s current 

and future needs. 

Evidence (V11.1): A US chemicals manufacturer discontinues work for a week a year in order 

to provide time for workers to maintain and update their information repositories. 

Evidence (V11.2): Use of internal artificial currency to reward collaboration and behaviours 

beneficial to the company (e.g. i-Free’s exploratory ‘freeshkas’): 

 http://c21org.typepad.com/21st_century_organization/2006/11/gary_colet_the_.html) 

Demonstration (D11.1): When interviewing a group of end users for a Business Information 

System, it became apparent that the end users would refuse to use the system unless 

mechanisms were put into place such that the validity, currency and accuracy of information 

could be established.  This was achieved by providing a faceted scheme which made the context 

of each entity apparent, such that the end user could make an informed assessment of the 

suitability of the entity for their task.  It was also identified that contrasting viewpoints should 

be catered for, as retrieval was hampered by unfamiliarity with the organisational scheme used 

in disparate teams. 

Tools and Techniques: None currently recommended 
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