Project Identifier: ERIM

Version: 1.0

Contact: Mansur Darlington



Date: April 2011

3
Project Identifier:  ERIM

Version: 1.0

Contact: Mansur Darlington


Date: April 2011


[image: image1.png]



JISC Final Report 

	Project Information

	Project Identifier
	To be completed by JISC 

	Project Title 
	Engineering Research Information Management (ERIM)

	Project Hashtag
	

	Start Date
	1 October 2009
	End Date
	30 March 2011

	Lead Institution
	University of Bath

	Project Director
	Chris McMahon

	Project Manager
	Name:         Chris McMahon            Position: Professor     

Tel:              01225 384026              Fax: 01225 386728

Address:      Department of Mechanical Engineering, University of Bath, Bath BA2 7AY

	Contact email 
	c.a.mcmahon@bath.ac.uk

	Partner Institutions
	UKOLN at Bath

	Project Web URL
	http://www.bath.ac.uk/idmrc/erim/

	Programme Name
	Managing Research Data

	Programme Manager
	Simon Hodson


	Document Information

	Author(s) 
	Mansur Darlington

	Project Role(s) 
	Researcher

	Date
	March 2011
	Filename
	erim0rep11021mjdv00.doc

	URL
	If this report is on your project web site

	Access
	This report is for general dissemination 


	Document History

	Version
	Date
	Comments

	0.0
	March 2011
	Draft final report

	0.1
	April 2011
	Draft final report

	1.0
	April 2011
	Final Report


Table of Contents

31
Acknowledgements


32
Project Summary


33
Main Body of Report


33.1
Project Outputs and Outcomes


73.2
How did you go about achieving your outputs/outcomes?


93.3
What did you learn?


103.4
Immediate Impact


113.5
Future Impact


114
Conclusions


115
Recommendations


126
Implications for the future


127
References


128
Appendices




1 Acknowledgements

The ERIM Project was funded by JISC through the Managing Research Data Programme, one of a strand of Research Data Management Planning projects (http://www.jisc.ac.uk/whatwedo/programmes/mrd/rdmp.aspx). These projects worked in areas identified in partnership with research funders (in the present case, the EPSRC). The research was conducted with the assistance of researchers from the Universities of Bath, Strathclyde, Heriot-Watt, Lancaster and Leeds, who provided data examples and insights into the development of the data assets associated with their work.

2 Project Summary 

The project work has been to identify and characterize the spectrum of research data that is characteristically acquired during research associated with engineering design and manufacture, and to understand the context in which it is generated and by which it can be interpreted. The research is motivated by a general drive toward efficiency and accountability, and the resulting interest in the ways that the data gathered and generated in research might be made more shareable. The purpose has been to provide a sounder basis for the management of such data so that they can be made more amenable to use, re-use and re-purposing and thus increase their worth. In particular the work aims to provide means for better data management planning through the use of appropriate best practice guidance, methods and tools.
The first part of the research consists of the identification and characterization of engineering research data through the inspection a representative sample of engineering design and manufacturing research data. 
Understanding how to manage research data requires not only that the nature of the data is understood, but so too the context in which the data are collected, gathered, manipulated and used. The theoretical work, which constitutes the second part of the research, has resulted in a terminology to aid communication and a method for modelling the relationships between data and between data records; referred to as Research Activity Information Development (or RAID) modelling.

The third part of the research consists of a ‘cascade’ of data management planning tools, starting with a set of Principles of Engineering Research Information Management and progressing, at increasing levels of detail, through a requirements specification for engineering research data management plans to a draft data management plan for engineering research projects. Finally, a high-level specification has been written for a semi-automatic tool which implements the RAID approach and provides an environment which captures, as the research activity progresses, contextual knowledge about the data and the data records and their relationships. This knowledge, which can be visualized through a RAID Diagram, provides a better basis than available hitherto for management of the data during first use, and assists reinterpretation of the data in the interests of post-project re-use and re-purposing.
3 Main Body of Report 

Motivated by the general drive toward accountability and efficiency in public sector activities, there is a developing interest in the ways that the data gathered and generated in publically-funded research might be made more available for use by the research community at large. This interest is exemplified by the research and other activities supported by such organization as JISC, DCC and UKOLN, encouraged and supported in turn by the research funding councils, in particular, in respect of engineering research, the EPSRC.

In addition to the public benefit, it is recognised that researchers themselves can benefit from and wish to have easier access to existing data (Beagrie, et al. 2009); yet, because of poor management, social and commercial pressures and legacy sharing practice, such access is often not possible (Birnholtz, et al., 2000).  Nevertheless, the practice of sharing, and management for sharing, is more widespread in some disciplines than others (e.g. the space sciences, bio-research, etc.) as a result of necessity and technical opportunity; and because of the demands of funders. Many aspects of the management of research data are considered under the general heading of ‘curation’, support for which is provided by the work done, for example, by the DCC (DCC, 2007). Much of this is helpful at a general level in assisting researchers plan and implement better management of research data for their own and then future use.

The work reported here builds on the curation work done by others in a specialized and more detailed way. It has identified and characterized in particular the spectrum of research data that is characteristically collected and generated during engineering research activities. The purpose of this has been to provide a sounder basis for the management of such data so that it can be shared more easily. From greater sharing of data would be derived a number of benefits including the reduction in duplicated work, greater transparency of research, an improved basis for validation and obviating the need for collection and generation (Birnholtz & Beitz, 2000; Fry, et al., 2008). Although each researcher will have an understanding of their own research data, little has been known previously about the diversity, character, creation, collection and use of engineering research data as it exists across the engineering research community. Even less has been known about how this data is currently managed and how it might be managed better. The work encompassed by this project has attempted to remedy these gaps in knowledge. An emphasis has been placed on providing a means of capturing and recording contextual knowledge about research data during its generation in order to aid its later interpretation by those who may have little or no understanding of it. 

3.1 Project Outputs and Outcomes

The codified project outputs and outcomes are identified in Table 1 below. Amongst these are what are referred to in Section 3.2 as the ‘cascade’ of best-practice documents. The relations between these documents is shown in [image: image2.jpg]Principles for Engineering Research
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Figure 1
. In addition are shown in this figure the two documents relating to the RAID annotation tool, which is a response-in-detail to more general specific data management demands identified in this cascade (taken together these items constitute Deliverable 4 of the project).
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Figure 1. Relationship between the items in the 'cascade' of best practice documents
	Output/Outcome Type
	Deliverable No.
	Brief Description and URLs (where applicable)

	The Best-Practice Documents

	Darlington, M., Ball, A., Howard, T., Culley, S. and McMahon, C., 2010. Principles for Engineering Research Data Management. Project Report. University of Bath.
	4 (part of)
	A set of principles developed as a foundation for best practice in engineering research data management. ERIM Project document  erim6rep101028mjd10

	Ball, A., Darlington, M., Howard, T., McMahon, C. and Culley, S., 2010. Engineering Research Data Management Plan Requirement Specification. Project Report. Bath, UK: University of Bath
	4 (part of)
	The ERDMPRS is a requirements specification from which may be developed the data management plan for any engineering research activity. ERIM Project document erim6rep100901ab11

	Darlington, M., Ball, A., Howard, T., Culley, S. and McMahon, C., 2010. The Draft IdMRC Projects Data Management Plan. Project Report. University of Bath
	4 (part of)
	An implementation of the ERDMPRS for the IdMRC projects. ERIM Project Document erim6rep101015mjd10. Two additional documents augment this PDMP, these being templates 1) erim0too110329mjd10 for an instance of an IdMRC project DMP and 2)  erim0too110330mjd10 for an instance of a Data Record Manifest, which is a specified component of any DMP.

	The RAID Associative Tool Documents

	Darlington, M. 2011. Raid Associative Tool Use Cases. Project Report, Bath, UK, University of Bath
	4 (part of)
	A set of use cases indentifying the functional requirement of a RAID associative tool. ERIM Project document erim6rep101125mjd10

	Darlington, M.  2011. Raid Associative Tool Requirements Specification.  Project Report, Bath, UK, University of Bath
	4 (part of)
	A high-level requirements specification for a semi-automatic research data management tool. ERIM Project Document erim6rep101111mjd10

	Other Outputs
	
	

	The ERIM Terminology V4
	n/a
	An evolving terminology of the terms useful to the communication of topics associated with the management of research data and its study.  ERIM Project Terminology

	Ball, A. 2010. Review of the State of the Art of the Digital Curation of Research Data. Project Report. Bath, UK: University of Bath
	1
	The project literature review. erim1rep091103ab12

	Howard, T., Darlington, M., Ball, A., Culley, S. and McMahon, C., 2010. Understanding and Characterizing Engineering Research Data for its Better Management. Project Report. Bath, UK: University of Bath
	2
	The main project report, treating the empirical and theoretical work carried out. ERIM Project Document erim2rep100420mjd10

	Howard, T., Darlington, M., Ball, A., Culley, S. and McMahon, C., 2010. Opportunities for and Barriers to Engineering Research Data Re-use. Project Report. Bath, UK: University of Bath
	3
	The opportunities for and barriers to research data re-use identified from the data assets scrutinized during the research. ERIM Project Document erim3rep100805tjh10

	Ball, A., 2010. Thematic Analysis of Data Management Plan Tools and Exemplars. Research Report. Bath, UK: University of Bath 
	4 (part of)
	An analysis of data management plans and presentation of a synthesized sub-set expressly for data re-use, supporting data re-use and data re-purposing. ERIM Project document erim6rep100701ab10

	Ball, A., Darlington, M. and Howard, T., 2010. Modelling the Development of Research Data. In: 6th International Digital Curation Conference, 6-8 December 2010, Chicago, USA.
	n/a
	A poster explaining the development activities that result in data being collected, created and manipulated during the research activity. Official URL: http://www.dcc.ac.uk/webfm_send/313


	Darlington, M., Ball, A., Howard, T., Culley, S. and McMahon, C., 2011. Data Management Planning in Engineering Design and Manufacturing Research
	n/a
	Accepted for presentation at the International Conference on Engineering Design, ICED11, 15 -18 August 2011, Technical University of Denmark

	Darlington, M.  2011. Understanding the CRYMAN Data Case. Research Report. Bath, UK: University of Bath
	5
	A comparison between the contextualizing information found in the CRYMAN data case ex-project, and that which might be provided by using the RAID associate tool. ERIM Project Document erim7rep110314mjd


Table 1. Project outputs and outcomes
3.2 How did you go about achieving your outputs/outcomes?

To improve the understanding of research data gathered and developed in the course of engineering design and manufacturing research and to better understand their management needs a representative set of research data was subjected to close scrutiny and characterization. The data were drawn from two repositories. One of these was the KIM Grand Challenge Project ‘virtual’ repository (Darlington, et al., 2009) and the other was the repository of research data held by the IdMRC at the University of Bath (http://www.bath.ac.uk/idmrc/).

A sampling approach, drawing on a multiplicity of external engineering research, could have been taken to arrive at the data sets; however, this would have required involvement of other partners, difficulties encountered with regard to confidentiality and anonymization, and so on; this would have absorbed time resources to no great effect. It was felt that the diversity of research embraced within the IdMRC and during the KIM Project was representative of engineering research data in general. Subsequent work has reinforced this early assumption.

Following selection of these repositories a scoping survey was planned as a basis for understanding both the data and the context in which it was generated, used and developed. The purpose of the scoping survey was to identify and characterize a broad spectrum of engineering research information and data. 

From this broad spectrum, distinctly different engineering research data records were identified.  A series of interviews was then carried out with the researcher who ‘owned’ the data, and had been intimately involved in its creation and collection. The purpose was to understand the data and the context in which it had been acquired.

Each of the data records were then characterized by a set of attributes. This scoping work provided a sufficient understanding of the data in general to provide the basis for selection for audit of a set of data which was representative of and characterizes the spectrum. It had been realized from the outset that the relative ignorance of the character and the during-research use of research data made it difficult in the first instance to formulate a battery of the most illuminating research queries. Thus a step-wise approach was taken, the insights from early investigations being used to inform more incisive enquiry as the research unfolded and was applied to the data case audits. 

As the scoping survey was conducted and the results considered, the theoretical aspects of the research were developed through a process of discussion and introspection. These theoretical considerations were then tested against the data being gathered from the more empirical parts of the work.

After selection of a smaller set of data cases for audit, the RAID modelling approach (identified in Section 1) was utilized to provide a visualized ‘map’ of each data case. (The smaller set was achieved using a binary decision tree contrived to maximize diversity amongst the selected data cases.)

The terms used in modelling had been identified and defined by means of the developing terminology. Each of the owners of the data selected for audit were, again, interviewed to elicit further characterising information and to develop an understanding of context in which the data were developed. The embryonic RAID modelling approach was applied to each of these data cases in order to understand and visualize the context and also to validate the terms defined in the terminology and validate and refine the RAID modelling approach.

A number of objectives were established in the project plan in order to achieve the broad research goals. These are summarized below.

Objective 1 was to establish the state of the art in data curation and re-use, drawing on the work already done by, for example, the Digital Curation Centre (DCC), and in curation and re-use used in other sectors. This objective was achieved and resulted in Deliverable 1 which was a state-of-the-art review by Alex Ball.

Objective 2 was to identify and characterise up to six case studies from the IdMRC and KIM data sets for which best practice in regard to the creation and implementation of data management plans would be explored during the project, including for example (1) research software codes; (2) proprietary CAD and analysis files; (3) raw, transcribed and annotated interview data; (4) video records; (5) an experimental data set from metrology; and (6) diverse documents. This objective was achieved. Initially twelve diverse data sets were identified for analysis and initial characterization. The lessons learned in this scoping study were then applied in the data audits of six data cases drawn from the original set.  This aspect of the research provided the basis for much of what was to follow.
Objective 3 was to identify opportunities for research re-use for data that have formed the basis for case studies and Objective 4 was to identify barriers to research re-use for data and best-practice approaches to mimimizing these barriers.  These two objectives were achieved, as reported in Deliverable 3 being the project document ‘Opportunities for and Barriers to Engineering Research Data Re-use’ and as embodied in the data management planning approaches/tools that came out of the project (see below).
Objective 5 was to establish and characterise levels of distillation/processing of the research data sets needed to make them useful for re-use or repurposing. It became clear as the project developed that this objective would no longer be appropriate in light the developing understanding the researchers had gained. In short, based upon the definitions of the key terms ‘re-use, supporting data re-use, and re-purposing’ there would be no call for nor any basis for understanding levels of distillation in general. It could be seen that the ‘distillation’ and processing in each case would be unique. Effort that might have been expended in achieving this objective was spent, rather, on developing more profitable lines of research in respect of Objective 6.

Objective 6 was to undertake experiments to understand interpretation needs for the data sets – relating to the need to understand the context in which they were created or the tacit knowledge needed for their interpretation. This objective has been key to the research and has been achieved through the development of the theory. The importance of developing the theoretical aspects of the research subject was not anticipated in the project proposal but has formed an important part of the work and output of this research.
The understanding gained from achieving the empirical elements of the research and the development of some theoretical underpinnings resulted in the intended general objective of informing the specification and implementation of Data Management Plans (DMPs).

It should be noted here that the original intention of the research was to provide data management plans for both the IdMRC future projects and, retrospectively, the KIM Project data. It became clear, however, as the focus of the research was refined, that providing management planning guidance would be restricted to future, rather than past, research data. As a result no data management planning work has been carried out in respect of the KIM Project data.

In order to provide better support the activity of research data management and to influence the behaviour of those responsible for its management, a ‘cascade’ of best practice documents has been developed as part of the project deliverables (as identified in Figure 1 and described in Table 1 above).  These include the Principles for Engineering Research Data Management; An Engineering Research Data Management Plan Requirements Specification; and a  draft IdMRC Projects Data Management Plan. Associated with the last are tools for use by researchers in their individual projects, these being templates for the IdMRC Projects DMP and for the Project Data Record Manifest. Together these constitute the main part of Deliverable 4 of the project.
The RAID modelling method has been mentioned above. To provide a standard, scalable and infinitely expandable representation for visualization, the Universal Modelling Language (UML) was chosen. This is a representation that is familiar to the data management research community and has the additional advantage of supporting development into a software implementation. From the data case audits, the RAID modelling approach was developed and augmented, the result being the high-level tool specification identified in the table above. Subject to appropriate analysis and software design, implementation of this specification will provide a semi-automatic tool for the during-project acquisition of knowledge about the data records developed during the research. This knowledge will provide the contextual information required  to support post-project data interpretation such that it can more readily than hitherto be re-used.

3.3 What did you learn?

The spectrum of data found in engineering design and manufacture research is very diverse; indeed it is clear, from the repositories that were used as a basis for data characterisation, that any type of data in any representation could reasonably be expected to be encountered.
At project start it became apparent that, whilst there was a number of glossaries in the data research management and curation domain, the language in which the research might be discussed was too sparse and imprecise for the purposes of the task. This made communicating about the research difficult, even amongst the research team. The development of a ‘terminology’ was embarked upon to try to remedy this, not only for the benefit of the ERIM researchers, but for the Managing Research Data community at large. The terminology combines some existing terms and definitions from within interested disciplines together with many new terms, especially of the concepts identified during development of the theoretical aspects of the research. The ERIM Project Terminology that resulted, which elicited considerable interest when presented to the research community, is now available to the community for further development and maturation.

It has been possible to determine that there is a finite list of data development processes, each of which results in changes or additions to the data assets in a research activity. Understanding these development processes is important since they have side-effects – which are sometimes though not always undesirable –  which must be managed if data sharing is to be supported. These side effects include information loss, information gain, function loss, function gain and state loss.

Identifying and codifying these development processes, together with the identities of the precursor and resulting data records, provides a basis for understanding the ‘context’ in which the data have been collected and generated and a means by which undesirable side-effects can be managed. It is the associational context of data and data records that provides the basis for their understanding and interpretation. This context, by virtue of the insight gained in developing the RAID modelling approach, can be complex.

Importantly, it was found that there are three distinct modes of management of data which underpin the potential for data use and re-use these being, ‘data use’, ‘supporting data re-use’ and ‘data re-purposing’.  Irrespective of this, it was found that the potential for re-use of the data could be realized fully only if appropriate management is undertaken during the time frame of the research project in which it is created and collected. Central to this during-project management is the construction and preservation of evidence about the context in which the research is carried out and the data developed. Without this context a proper post-project understanding and interpretation of the data may be impossible. 

Notwithstanding the desire shown amongst some researchers to share data, and an understanding to some extent of the benefits and the opportunities to do so, there are, nevertheless some real barriers to re-use. Of these, some could be ameliorated or removed by improved management. Some, however, are integral to the arrangements under which the data were provided and are not amenable to remedy. Often data are provided by industry collaborators with a clear understanding that they will be use only for the express first purpose agreed and that there will be no later consideration for re-use.
During the research a distinction was detected between the data associated with ‘descriptive’ research on the one hand and ‘prescriptive’ research on the other (see Blessing & Chakrabarti, 2009) the second type being very common in engineering research work. It can be observed, however, that because of its nature and specificity, re-use and repurposing of prescriptive research data may be inherently more difficult that that of descriptive research.

During the project little evidence was found of the existence of formal plans for the during-project management of research data in engineering research. There was no evidence in the examples of research activity scrutinized that such plans existed expressly for supporting data re-use and data re-purposing. Furthermore, it is clear that the implementation of such plans requires the support, amongst other things, of data managers whose brief is to maximize the value of research data through appropriate intervention during the research activity and in the immediate post-project stage. Without this additional resource it is unlikely that the best use can be made of research data. At the same time there was little evidence of anything more than the most rudimentary tools being used for data management, these being the file management services provided by all computer operating systems. 
The authors’ earlier experiences, particularly observing the difficulty within industry of enforcing the adoption of knowledge and information management tools and methods, led them to formulate the dictum that, for successful adoption of such measures, interventions should result in a zero net resource requirement increase. This does not mean that such interventions should be resource free, but that any such interventions should require no net increase in resource  expenditure by those who are obliged to embrace them – in this case principally the researcher. To do this either the extra resource expenditure made by the researcher in data management must be balanced by the benefit that is directly felt, or the burden of data management must fall elsewhere. In the case of managing data for re-use and re-purposing the second condition is the more likely to obtain since it is probable that the researcher’s real interest will be limited. As such, then, there should be an expectation of increases in the resource requirement being demanded elsewhere, namely through the engagement of such people as data managers and the development and provision of minimally intrusive data management methods and tools, such as the RAID association tool proposed in this work. There is also, of course, the question of the extra resources what might be required for the training and mentoring of those involved. A logical concomitant of the requirement for such extra resources is the provision of proportionate funds.
As an interesting aside – and as a counterweight to the preceding paragraph –  as an indication of cost, the authors estimate that the cost of the data gathering activity alone for the ERIM Project has been in the order of £15000. This figure is arrived at based on the time involved simply in the activities of collecting and generation of what would be classified as ‘raw’ data, by applying a day rate that is used to approximate industry in-kind contribution for a project engineer. This does not include the time spent by the researchers in preparation for the gathering activity, nor the development and management of the data to make it usable. It also does not include costs associated with the other forms of data generated and collected for the project literature review and the data generated by the researchers’ discursive processes. Clearly then, in terms of resources expended and direct costs, this data is valuable and providing the means to support its re-use and that of data like it is important.
3.4 Immediate Impact

Immediate impact will be felt by two distinct groups. The first group consists of those with an interest in data management and data management research, such as those in the JISC MRD Programme. The terminology that has been developed during this research will help these individuals to communicate in a more precise manner about the objects of their research. 

The second group consists of engineering researchers. This research has provided a number of new insights into research data management, and a number of methods, approaches and tools. It is hoped that these will be adopted by the communities for which the JISC Managing Research Data Programme is intended to benefit. In particular, it is hoped that the RAID approach to research data management, or some evolution of it, is adopted and developed as a means of supporting more widespread data re-use and sharing, and that tools such as the RAID Annotation Tool are implemented and evolved as a basis for this.
3.5 Future Impact

The work reported here is part of a greater effort which is intent on improving the way that research data are managed. The work can, then, be considered part of the foundation that is being laid that will, in due course, have a profound effect on the way in which research data is managed right throughout its life-cycle, bringing all the benefits of data sharing that have been identified and all the additional duties and responsibilities that will be entailed.
4 Conclusions

Currently, the research environment in which this work has been carried has, itself, no well-formulated procedures for managing research data to improve the opportunity for re-use. This is a situation that many research establishments still find themselves. It is possible, given the new insights into management that the research has furnished, together with the methods and tools devised, to develop now a well-founded data management plan for any of the engineering research that is carried out. This would have been difficult in the past since suitable guidance was absent. Clearly, the guidance is equally applicable to, and could readily be adopted by, any other engineering research establishment. Further, because of the very diverse nature of engineering research data, and because of the nature of the research itself, it is likely that the understanding, methods and tools which have come out of this research will be applicable to many other, non-research, activities. This will include many professional and commercial activities which are complex and information and knowledge dependent and which generate large quantities of associated records.

For good data management it is necessary that those involved in collecting and creating it are given appropriate support. This includes not only provision of the tools and methods, but education in understanding their rôle as managers not just creators of data, as well as support from dedicated professional data managers. It follows the necessary resource must be found to support this.

5 Recommendations

General recommendations
It is recommended that:

1. No (engineering) research is carried out without some data management guidance being in place to assist the research(s) in their research work and to provide support for supporting data re-use and for data re-purposing.

2. Guidance should be appropriate to the discipline in which the research is carried out, to maximize the benefit and limit unproductive effort. 

3. The rôle of data manager is recognized as being a necessary part of this support.
4. A discussion on and clarification of the data manager rôle be conducted between funders, the research community and the research institutions in order to clarify the rôle and at what level of the research hierarchy the institution-located ‘data manager’ should be placed given the prevailing circumstance of fragmented funding streams.

5. Funders deliberate upon the obstacles preventing research data from being re-used, and that the understanding gained be reflected in a) the support given to researchers in overcoming these obstacles and b) their grant requirements for post-project data provision and archiving.
Recommendations for JISC

It is recommended that:

1. JISC, and other funders of research, acknowledge the necessity for during-project research data management and anticipate requests from the research community for its support.

2. The extra resources and the education that is implied – including that appropriate for post-graduate students, professional researchers and those fulfilling the rôle of data manager – is explicitly identified as a request for funds in grant applications and reflected in the funding allocations made for the research.
3. A study investigates the provision of tools for data management at the research project level. There are three questions that should be answered: a) How can the management of data at the research project level be implemented such that data management appropriate to re-use and re-purposing be promoted without unduly burdening the researcher?, b) what tools are currently available that might aid management of the sort prescribed?, and c) what tools can be identified that are necessary but currently unavailable?
6 Implications for the future

It is clear that greater emphasis on managing the data produced during research, in all fields, will result in additional duties and have resource implications. The effects will be felt by all those involved in research, including the management of research entities and the institutions in which they are found, the research teams and researchers involved in the investigations, the data archivists who will be the guardians of the data, and the funders who, in the final analysis, will be required to make additional funds and other resources available to support the others.
It is by the researchers that the effects are likely to be most felt and for whom any extra burdens in work are likely to be least desirable, since any management efforts that they are required to undertake will interfere with their principal activity of research. It is hoped that the dictum adopted by managers at all levels will be that ‘information management interventions should result in a zero net resource requirement increase’ and that methods and tools be devised that minimize additional activities by researchers. This is emphasized here since researchers are required already and increasingly to perform duties which reduce their effectiveness in acquiring and disseminating new knowledge. In this respect it is hoped that the RAID modelling approach is developed and that, in particular, resources can be found to develop a tool based on the high-level specifications provided by the work.

With regard to the rôle of data manager, it is not clear at what level of the research hierarchy the institution-located ‘data manager’ should be placed. Answering this question has implications in terms of expertise, funding streams and priorities. A discussion on and clarification of the data manager rôle is therefore required.
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8 Appendices

Appendix 1 Glossary

The following glossary of the terms used in this report is extracted from the full ERIM Project Terminology V4.

Research Activity The process through which research data and context data are accumulated and developed.
Research Data Development Process One of a set of processes that are commonly carried out during the research activity which changes or adds to the research data associated with a research activity or project. 
Data Reinterpretable representations of information in a formalized manner suitable for communication, interpretation or processing.

Examples of data include a sequence of bits, a table of numbers, the characters on a page, the recording of sounds made by a person speaking, or a moon rock specimen. (OAIS Reference Model)

Information Any type of knowledge that can be exchanged. In an exchange, it is represented by data. An example is a string of bits (data) accompanied by a description of how to interpret a string of bits as numbers representing temperature observations measured in degrees Celsius (information). (after OAIS Reference Model)

Data Case The set of data records associated with some discrete research activity (project, task, experiment, etc.).
Data Use Using research data for the current research purpose/activity to infer new knowledge about the research subject.

Data Re-use Using research data for a research purpose/activity other than that for which it was intended.

Supporting Data Re-use Managing existing research data such that it will be available for a future unknown research activity.

This concept is one for which no verb has been coined. It is one of a set which also includes data 'purposing' and 're-purposing'. It combines many of the activities implied in the verbs 'archive', 'preserve' and 'curate'.

Data Purposing Making research data available and fit for the current research activity.

This is the activity all researchers are familiar with when making research data available for their own research.

Data Re-purposing Making existing research data available and fit for a future known research activity.

Data Record (DR) The data object which contains the data.

Research Data Record (RDR) A record containing research data, i.e. data that is descriptive of the research object.
Information Loss Removal of information from an instance or set of data.
Examples are such things as rounding down or up of real numbers to integers, deletion of the record of units in a data set, or disassociation of context data and the data it explains.

Information Gain Addition of information to an instance or set of data, for example when aggregating or annotating.

Function Loss Removal of or reduction in the capacity to compute or manipulate.

An example is migrating the contents of a live spreadsheet to a PDF format where the content stays the same, but the facility changes.

Function Gain Increase in the support for computation or manipulation of data.
An example is transferring the data in a hand-written sheet into a spreadsheet providing such facilities as ordering, summing, etc. Likewise, function gain is a characteristic of format change through optical character recognition.

State Loss Erasure or discarding of earlier data state(s) or version(s).

RAID Modelling. A method of modelling the development of Data during the Research Activity which identifies Data Records, their relations, associations and Metadata.

Appendix 2 Scoping Study Questionnaire

This questionnaire was used as the basis for semi-structured interviews with researchers in order to gain a first understanding of the diversity and character of engineering research data that they had collected and created in the course of their research activities.
Q1. What media type is this data?

Textual

Video

Pictorial (2D)

Pictorial (3D)

Audio

...

Q2. Is this data of a real of simulated situation?

Reality (real industrial observations)

Simulation (e.g. role playing students)

Q3. What file format if the data saved as?

Physical

Electronic:

Word doc

Excel

Power point

…

Q4. Is this data derived from any other data?

- Were there any steps between your answer and the data?

1st-Generation

Refinement

Derivation

Q5. Where did the original data come from?

Pre-existing

Research-generated

Q6. What method did you use to collect the original data?

Data from surveying through questionnaires and interviews 

Data from transcribing discussions 

Data from experimental rigs 

Data from commercial software

Data from a bespoke version of commercial software

Data from fully bespoke software 

Data from discursive process 

Q7. How repeatable are these results/data?

Repeatable

Non-repeatable

Q8. How repeatable was the data creation process?

Repeatable

Non-repeatable

Q9. What type of interpretation is likely to be or was applied to this data?

Objective

Subjective

Q10. How do you expect this data record to change over time?

Open (ternary)

Expanding - being added to

Dynamic - being modified

Expanding and Dynamic

Closed

Definitive

Dormant

Q7. How repeatable are these results/data?

Repeatable

Non-repeatable

In light of some of the future work packages 3 other questions were also added:

Q11. What is the sample size and units?

Q12. What are the barriers to the re-use of this data?

Q13. Any further notes/comments?
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