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Executive Summary
We provide an assessment framework to help Dryad monitor its own performance and support third-party evaluators to compare Dryad against alternatives. First we identify the main stakeholder groups in the DryadUK project (Oct 2010- Oct 2011) and describe how they were consulted on the value Dryad offers them. Then we set out assessment criteria based on their responses, and review the DryadUK project’s contribution to Dryad in terms of the criteria. Three main groups of criteria are proposed:
1. Quality of Interaction: Is interaction with Dryad for purposes of data deposit or reuse efficient, effective and satisfactory for users?

2. Take-up and Impact: What is the take-up of Dryad, and what evidence is there to support Dryad’s rationale - that deposit leads to access and reuse, with impacts that users and stakeholders can monitor?

3. Policy and Process: Does Dryad help its stakeholders to meet community standards of good practice and comply with policies stipulating data deposit? 

Indicators are also suggested that, with further development, may be used in independent evaluations of Dryad to assess progress over time or for comparison with alternative data repositories. 

We conclude by recommending these criteria and indicators for consideration by the Dryad project, its users and stakeholders, and the wider community interested in assessment of data repositories. Further developments of the framework are proposed as follows:
· Wider study of what is important to data depositors 

· Assess usability of the search interface and retrieval performance 

· Further citation impact studies

· Guidance on studies of data citation

· Assess cost-benefit tradeoffs 

Introduction

This report provides a basis for developing a tool to evaluate Dryad’s value to the scientific community, based on the DryadUK project’s engagement with its stakeholders. The project aimed to deliver “a formative assessment framework for future independent evaluations”. This draws on three usually distinct types of evaluation. Formative assessment has a project’s process as its focus, aiming to improve a project’s ability to achieve its outputs or outcomes. Later ‘summative’ assessment is normally of those outputs or outcomes, and ‘impact analysis’ investigates their longer-term consequences. The report describes the framework and its relevance to Dryad, but it does not aim to apply the framework. 

Developing the framework inevitably meant considering how its criteria might apply to Dryad currently, and what indicators would be needed to track whether Dryad provides the value sought from it and achieves longer-term impacts. To guide future application of the framework we offer an end-of-project summary of the DryadUK project’s contribution. We also describe aspects of Dryad that the UK project had no bearing on. However this is only for the purpose of explaining the framework, and is not intended to be an evaluation of Dryad.

Further deliverables from the evaluation strand of DryadUK are:-

· Citation study expanding on previous work by NESCent researcher Heather Piwowar on factors correlating with data sharing in public repositories, and the possible advantages of that in garnering additional citations for the articles reporting on the data collection. The present report outlines that work, results of which will be submitted for journal submission.

· Planning Report on submission rates reports on trends in data deposit, indicating possible effects of journal integration and policy events. The Planning report also contributes to the sustainability planning in DryadUK wp3.

The framework draws on workshop discussion notes, questionnaires, and desk research. Conclusions are drawn on how the framework can be developed further for assessment of Dryad and similar data repositories. 

Stakeholders

Early discussion in the project characterised the stakeholders in the UK project and their relation to the evaluation framework; whether as users of it (people who might carry out an evaluation), users of their findings (people making decisions about Dryad or similar repositories) and others affected. Given limited resources there was a need to prioritise who to seek involvement from, hence the ‘importance’ ratings below. 
Users of the framework 

	Stakeholders
	Importance

	A. Publishers, Journals, and Learned Societies seeking to compare benefits of adopting Dryad compared to alternative approaches for handling data and other supplementary materials their authors submit..
	High

	B. Research funders (and JISC) considering how to help researchers comply with data policies, and whether to continue supporting Dryad
	High

	C. Intermediaries who advise authors on publication impact and citation metrics (e.g. ‘liaison librarians’).
	Medium


Users of evaluation findings 

All the above, plus: -

	D. Authors considering why they should deposit 
	High

	E. Biomedical database publishers considering whether/how to link to Dryad
	Medium

	F.   HEI research managers considering how to help researchers comply with data policies, and whether to recommend Dryad as a place of deposit
	Medium

	G. IR managers considering whether/how to link to Dryad
	Medium


Others affected 

	H. Dryad potential reusers, considering what data is there and its potential reuse 
	High

	I.   The Dryad US and UK project teams, considering a sustainable business model.
	High


Framework for Assessment

The Dryad UK case for support scoped the evaluation in the following terms: 

"...To achieve buy-in among stakeholders, we need to show that Dryad is more than just another repository, by demonstrating that it enables new research to be conducted. To that end, DCC will establish a framework for evaluation of Dryad data usage... to establish the value proposition for saving and publishing article-related datasets ... the direct benefits that accrue to data depositors, and the relative benefits that accrue from depositing data in different archives (journal supplementary materials, Dryad, institutional repositories or more specialized bioinformatics databases)." (emphasis added)

Data repository assessment has mostly focused on establishing criteria for ‘trusted digital repositories’. These are the subject of an emerging standard ISO 16363
, and are considered in this report. However the framework for Dryad and other data repositories also needs to be grounded in the factors important to its stakeholders’ decisions to use or support it. 

Open data activist Peter Murray-Rust proposed criteria for successful data repositories In a recent blog post 
. These strongly emphasise the need for data repositories to have a defined community, clear purpose, and a demonstrable value tied to functions that serve its purpose for the community. Successful data repositories should encourage community ownership and innovation, through feedback to depositors, clarity in licensing, extensive support for unique identifiers, and machine readability. 

Research literature on repository ‘success factors’ is mostly oriented to institutional repositories of publications. Shearer 
 gives a set of critical success factors that overlap to some extent with Murray-Rust’s, and can be summarised as follows: 

· Evidence of depositors ‘input activity’ 

· Disciplines are engaged as early adopters

· Advocacy activity is carried out

· Archiving policies are in place to guide self-archiving

· Copyright policies are appropriate

· Range of accepted content types is wide enough to encourage deposit but not so broad as to be unusable

· Staff support is adequate

· Software support is adequate

· Quality control is in place

· Usage or take-up figures are available to authors/depositors

These examples inform the assessment criteria proposed for Dryad in the current report, which are in three main groups:

1. Quality of Interaction: Is interaction with Dryad for purposes of data deposit or reuse efficient, effective and satisfactory for users?

2. Take-up and Impact: What is the take-up of Dryad, and what evidence is there to support Dryad’s rationale - that deposit leads to access and reuse, with impacts that users and stakeholders can monitor?

3. Policy and Process: Does Dryad help its stakeholders meet community standards of good practice and comply with policies stipulating data deposit? 

The first step in drafting criteria that resulted in these groups was to reflect the value of Dryad from the perspective of the project team itself, through internal discussion and publicly available sources. These include the DryadUK project’s ‘case for support’, and Dryad’s public wiki and related articles. 

The project case for support ties the case for Dryad to that for data deposit generally. It points to evidence that public availability of data is associated with higher article citation rates
. The proposal also identifies Dryad’s “particular strength is allowing authors quickly and easily to deposit datasets of any type… through integration with the publishers’ article submission processes”. 

Consultation on the assessment criteria

Two workshops were held during the project and notes from the discussions have informed this report. The first of these was held at the British Library in April 2011. This was aimed primarily at groups of funders, publishers, and journal editors (Society-led and others) and included breakout sessions on the ‘value of Dryad’. The second workshop, at Oxford University in September 2011, also included a small number of researchers. 
The workshops involved a people who could be considered ‘early adopters’ of Dryad and these were consulted using questionnaires on the relative importance of the draft criteria.  These were made available in both face-to-face workshops and also online. Notes from the workshop discussions highlighting salient points on Dryad’s value to the participants were also used as a ‘reality check’ on the draft criteria. 

Most of the questionnaire responses came from the workshops: 18 from the first event at the British Library and 16 from the second event at Oxford University.  The online questionnaire was made available in two versions, one targeted to depositors via the standard Dryad email they receive after depositing, and the other to users of the Dryad repository seeking data to reuse. This was publicised on the Dryad blog and the Jiscmail Bioinformatics listserv. While the aim was only to reach a convenience sample of early adopters rather than a statistically representative group, unfortunately only 5 responses were received; possibly as the survey was timed during August and early September when many academics are on vacation leave.  

Respondents identified with stakeholder groups as indicated in table 2. They were mostly representatives of publishers and journals, with relatively few authors or depositors. A broader follow-up survey would be needed to obtain statistically representative views about factors important to authors as depositors and reusers. 

The format and the criteria wording were changed following the first workshop to reflect the breakout session discussions on the ‘value of Dryad’ and initial questionnaire responses, and to simplify presentation. The main changes were that:

· Two criteria (‘usable deposit process’ and ‘ability to cite and attribute’), were not included in the second questionnaire as their relevance to the framework had already been established through gaining the highest number of ‘very important’ ratings in the first workshop. 

· Criteria that had emerged as topics in workshop discussion were added; these were about support for a wide variety of data types, metadata standards, machine readability, repository interoperability, and peer review. 

· Two policy-related issues; the clarity of curation levels, and broad community representation in governance arrangements, also emerged as discussion issues and were added to the framework without a need for further consultation.

· Two criteria relating to publishers’ costs for handling supplementary material were removed as it was clear from discussion in the first workshop that cost factors would be better assessed through sustainability planning than through an assessment framework based on generic criteria and measures.

· The second questionnaire used a simple tick-box format rather than Likert-scales, except for questions on the ‘policy and process’ criteria. Here it was necessary to avoid equating ‘importance’ to the user community with unanimous support for particular positions. For example ‘clarity on licence terms’ need not equate with open/libre licence terms. On these criteria the respondents were asked how strongly they agreed or disagreed with alternative statements (see Annex 2). 

Because of the questionnaire differences separate figures for each are shown in Table 2 for each version.

	Responses on assessment criteria 
Numbers rating criteria ‘very important’ in workshop and online questionnaires
	Dryad

UK (1)  
	Publishers Journals & Societies 
	Authors (Depositors & Reusers)
	Librarians & others
	Deposit/ Reusers online 

	Number of responses (2)
	
	13
	6
	3
	7
	3
	3
	5

	1. Interaction Quality 
	
	
	
	
	
	
	
	

	1.1. Deposit a wide range of data types
	(
	-
	6
	-
	4
	-
	2
	4

	1.2. Deposit process usability
	(
	8
	-
	3
	-
	2
	-
	-

	1.3. Data subject to peer review
	(
	-
	3
	-
	1
	-
	0
	1

	1.4. Discoverability 
	(
	6
	3
	3
	6
	2
	2
	2

	1.5. Machine readability
	(
	-
	5
	-
	4
	-
	2
	2

	2. Take-up and Impact
	
	
	
	
	
	
	
	

	2.1. Access stats available
	(
	8
	4
	2
	2
	1
	2
	0

	2.2. Ability to cite and attribute
	(
	8
	-
	2
	-
	3
	-
	-

	2.3. Data/ article citation impacts traceable
	(
	7
	6
	3
	6
	2
	3
	5

	2.4. Visibility/ repository interoperability
	(
	-
	3
	-
	1
	-
	2
	2

	2.5. Evidence of community take-up 
	(
	3
	2
	1
	2
	0
	1
	2

	2.6. Seen as best practice exemplar
	
	2
	3
	2
	5
	0
	3
	3

	3. Policy and Process
	
	
	
	
	
	
	
	

	3.1. Open access licence terms apply
	
	4
	5
	1
	5
	3
	2
	4

	3.2. Embargo period options given
	
	-
	4
	-
	5
	-
	2
	4

	3.3.  ‘Trusted Digital Repository’ status
	
	6
	5
	0
	5
	2
	1
	4

	3.4. Clear curation service levels 
	
	-
	-
	-
	-
	-
	-
	-

	3.5. Representative governance 
	(
	-
	-
	-
	-
	-
	-
	-


Note. 
1  ( indicates within scope of DyadUK. Other criteria within scope of Dryad US project.
2 (-) indicates criteria was not included in this questionnaire. 
Table 1. Stakeholder responses on proposed assessment criteria 

The table 2 below summarises sources of data appropriate for future assessment on the criteria. 

	Sources
	Quality  of

Interaction
	Take-up & Impact
	Policy & Process

	1. Review published documentation
	(
	(
	(

	2. Stakeholder surveys
	(
	
	(

	3. Usage, usability and citation analysis
	(
	(
	


Table 2. Proposed sources of evidence
The third table summarises metrics or indicators proposed for future use to assess Dryad, either to monitor its progress over time or to draw comparisons with alternative repositories. 

	A. Review of published documentation

An assessor reviews the documentation made publicly available by the repository and assigns a rating on the following criteria and indicators:

· Deposit a wide range of data types: Number of file formats supported for preservation; Support provided for uploading selected data to specialised repositories or databases.

· Discoverable: Relevant disciplinary metadata standards supported in repository search or navigation options; Searches may be extended to other relevant repositories; Social navigation helps users find items.

· Machine-readable: Data packages are available in an open data standard; The repository has published plans to make data packages available in an open data standard.

· Access stats available: Information is available on levels of download from and access to individual items, and to the repository’s overall holdings.

· Citable and attributable: Data may be cited using a persistent identifier (PID); Guidelines are given on how to cite data items using the PID.

· Data/ article citation impacts traceable: Each data package/item is associated with a persistent identifier according to an accepted standard.

· Visible through repository interoperability: Support for repository deposit standards.

· Evidence of community take-up available: The repository makes public its designated target communities of depositors and/or reusers.

· Open access licence terms apply: data are available with minimal licence restrictions on access and reuse 

· Embargo period options given: data may be deposited with an embargo on publication for a limited period subject to community norms  

·  ‘Trusted Digital Repository’ status: the repository publishes its status against a recognised Trusted Digital Repository standard.

· Clear curation service levels: the repository publishes the curation functions it performs to one or more levels of service

· Representative governance: the repository publishes its governance process



	B. Stakeholder survey

Satisfaction ratings and/or comments are periodically gathered using questionnaires or interviews with representative groups of users (depositors, reusers, other stakeholders). Likert-scale ratings e.g. as worded below, are used to monitor the perceived value of the repository on the criteria.

· Deposit a wide range of data types: I value the wide range of data types the repository supports for long-term preservation and reuse; I value the support this repository offers to upload specialized data to other repositories.

· Deposit process usable: I find it easy to deposit data in this repository; Files I need to deposit are quick to upload; I can work through the deposit steps quickly; Assistance is available and helpful.

· Data subject to peer review: The availability of data for peer review before publication benefits my research/ the research community/ research we fund/ the quality of the journal

· Discoverable: I am satisfied with the options provided to find items relevant to my needs

· Machine readable: I am satisfied with the readability of the data I can download for further analysis using software of my choice

· Seen as best practice exemplar: this repository exemplifies community best practice in data archiving 

· Open access licence terms apply: I am satisfied that data is available on licence terms that maximise the potential for reuse; I am satisfied that authors have a sufficient choice of licences that may limit reuse to share-alike or non-commercial terms

· Embargo period options given: I am satisfied with the options given to depositors in this repository to embargo data for a limited period 

·  ‘Trusted Digital Repository’ status: I am satisfied this repository has plans and processes for long-term stewardship that follow accepted standards

· Clear curation service levels: I am satisfied that the repository clearly sets out what it does with data deposited to ensure it can be effectively reused.

· Representative governance: the repository is governed so that its user community has enough say in decision-making.



	C. Usage, usability and citation analysis

Usage data are collected and periodically analysed; usability tests are periodically undertaken; and references to the repository and its contents are monitored 

· Deposit process usable: a user can complete the deposit of a data package in less than 15 minutes; users can correctly complete deposit 95% of the time.

· Discoverable: 95% of new packages deposited in Dryad are discoverable immediately on publication of their associated article via the data DOI; newly published packages are discoverable on the web via 3rd party indexers such as Google Scholar and ISI WoS.

· Access stats available: Annual growth in visits to landing pages; annual growth in items downloaded.

· Evidence of community take-up available: Annual growth in the number of unique and/or registered users; annual growth in data items deposited; annual annual growth in the number of depositors as a percentage of the identified target population of depositors; journals integrated with Dryad have an increasing percentage of published articles that have an associated dataset in Dryad within 6 months of publication

· Seen as best practice exemplar: favourable references to the repository as an influence on policy or practice in published articles or social media; increasing number of favourable twitter mentions.




Table 3 Summary of proposed indicators and sources of evidence
Developing the criteria and measuring against them
This section summarises the UK project’s contribution to Dryad in terms of the criteria in Table 1. It also proposes the scope and types of indicator that should help conduct assessments of Dryad, firstly for the Dryad project’s own monitoring of progress, and secondly for third-party assessment and comparison with other data repositories. The NSF-funded Dryad project continued to develop in parallel with DryadUK project, in areas the evaluation framework seeks to measure but DryadUK affected only indirectly. Identifying indicators relevant to Dryad has inevitably involved summarising Dryad’s value to stakeholders, characterising what the Dryad repository currently does (as of September 2011) and what information it provides that could be used in an assessment. The report is not however an assessment of Dryad on the proposed criteria and indicators, which need further development as noted in the conclusions.  

Any future assessment of Dryad on this framework should be feasible using publicly available data; and this section is based on publicly available sources including the Dryad site, wiki, and published articles. Reports from DryadUK workshop discussion and questionnaire responses are also available from the Dryad wiki. 
1. Quality of Interaction

Is interaction with Dryad for purposes of data deposit or reuse efficient, effective and satisfactory for users?
One of the Dryad model’s defining characteristics is its integration of research publications with datasets that relate to them. Dryad positions itself among other repositories as a ‘low burden’ route for authors to deposit a variety of data types that have “no natural home in more specialized bioinformatics repositories… enabling preservation and reuse of the ‘long tail’ of small high-value datasets that underpin the majority of scientific articles” 
.  In effect, a research article provides the Dryad user with contextual information to make sense of any data an author has used to warrant claims made in the article. 

[image: image1.png]author





Figure 1. Data submission in Dryad (Vision, 2010)

The availability and reusability of data in Dryad depends on efficient and effective interaction with depositors, reusers, and for the publishers of journals linked to Dryad.  Questions that will help to assess that interaction include:

· Does the deposit process support the author to effectively upload enough data to support the paper? 

· Does the deposit process link effectively to evidence held elsewhere, e.g. structured data deposited in biomedical databases?

· Is the data discoverable quickly and easily, e.g. by searching on metadata relevant to the discipline?

· Is the data made available to the article’s peer reviewers?

· Is good quality relevant metadata provided? 

· Can the data be retrieved in a machine-readable form that allows the user to aggregate it?

These questions are expressed in the framework through ‘quality of interaction’ criteria. 
1.1 Deposit a wide range of data types
Dryad’s approach is to encourage authors to deposit evidence for the assertions they make in their research articles. This is grounded on a liberal approach to deposit, allowing authors to deposit data ‘packages’ comprising any files related to their articles with few restrictions. This was one of the key criteria defining Dryad’s value to all stakeholders. 

The variety of data handled by Dryad is partly a matter of policy governing what users can deposit, and partly about how the repository helps its users to manage the data they want to deposit. Users may also use Dryad to deposit in other repositories, through ‘handshaking’ arrangements between them and Dryad. The range of data accepted is defined by the Dryad US project. Dryad’s metadata support and links to other repositories via ‘handshaking’ arrangements are also addressed by the main (US) project. Dryad UK’s main contribution here is to the manageability of data relating to infectious disease, through ‘proof of concept’ support for datasets on that subject. 
Views from DryadUK stakeholders
Discussion sessions at the stakeholder workshop indicated that journal representatives saw Dryad’s value as a trusted body for ensuring long-term access to the ‘small end of the long tail’ of small science datasets. This may include any file including software code, although survey comments suggested that Dryad is not perceived as a code repository.
The breadth of the data related to articles was a key point for publishers and funders, although there were differences on the depth that data should go to: 

· ‘The point of this is that the Dryad model is not right for everything – it is only about the 15% of data associated with publications’; the fact that Dryad does not touch the other 85% of the data is the biggest issue’

· ‘The strength of Dryad is the long tail of data types’

· ‘It’s also a question of what ‘data related to a publication’ means, and how this evolves over time. Dryad’s argument would become more compelling as more data was included, and from earlier stages of research’

Among publishers there were also mixed views about how far Dryad “solved” the issues around supplementary material submitted to datasets, since journals do not themselves have a firm grasp on the scope of that material. Journal representatives taking part were aware that much of it is “idiosyncratic” and can contain a variety of semi-structured texts, including additional references, research records and occasionally video material. Some did not have a settled view on whether Dryad is the appropriate place for all of these or whether they ought to continue to accept a subset as supplementary material. The discussion identified a need for more clarity on the data types acceptable for deposit in Dryad, and the value to be had from Dryad curating them. For some participants that value was linked to support for data standards, and (as one put it) “You wouldn’t want Dryad to be a dumping ground… it would dilute the value”. Subsequent work by Dryad on its preservation policy has clarified the range of file formats supported.
Data deposit formats 

Dryad accepts any data including software code, subject to the guidelines that it must be associated with a publication and data should be “ready for statistical analysis”. Files can include spreadsheets, images, maps, alignments and character matrices but are not limited to these. Data in disciplinary XML formats (or marked up using them) is accepted as any other text file. 

Dryad UK: pilot support for infectious disease metadata

DryadUK contributed to Dryad’s capability to deal with infectious disease datasets, by implementing as ‘proof-of-concept’ the MIIDI standard (Minimal Information for reporting an Infectious Disease Investigation). This work aimed to support researchers to deposit datasets (or data ‘packages’) from infectious disease investigations, and provide annotations and descriptive metadata so that Dryad can make them available in a reusable form. 

MIIDI is a draft standard whose purpose is to “facilitate the creation of metadata that will enable resource discovery of datasets and articles of relevance to infectious disease investigations, for the benefit of epidemiologists, those undertaking systematic reviews, and many others.”
   The standard is implemented as an XML schema, currently available in spreadsheet form. Dryad UK piloted input forms based on this standard.

Linking to evidence elsewhere: repository ‘handshaking’

Dryad seeks to complement rather than compete with specialized bioinformatics databases. That is, where a public data repository caters for specific types of data that are important to Dryad’s target research communities, Dryad will seek to provide depositors with options to push these types of data to their ‘natural home’, i.e. any relevant repository or repositories with which Dryad has established a ‘handshaking’ arrangement
. 

Late in 2010 Dryad introduced handshaking capabilities to push data to Treebase
, a repository of phylogenetic ‘trees’ (of species, populations, and types of genes) and the data used to generate them. The Dryad development plan includes handshaking with GenBank, the US National Institute of Health genetic sequence database. When implemented this will enable depositors to use Dryad as a starting point for depositing genetic sequences in GenBank
.
Proposed metrics and sources
· Number of file formats supported for preservation
Repositories should be comparable on this by referring to published documentation of preservation plans, e.g. as documented on the Dryad wiki
. 
· Perceived value of the range of data types accepted for deposit and reuse
Satisfaction could be monitored from questionnaire responses on a Likert scale rating question e.g. “I value the wide range of data types the repository supports for long-term preservation and reuse”.

· Support provided for uploading selected data to specialised repositories or databases 
Information on this should be readily available from the repository site, e.g. in Dryad this is available from the home page (http://datadryad.org/partners) and options are provided in the deposit interface to “upload data files to partner repositories”. For comparison a category scale would be appropriate, e.g. from ‘information is provided on alternative specialist repositories’ to ‘deposits are notified to alternative specialist repositories’ and then ‘interface provides for upload to alternative specialist repositories’. 

· Perceived value of partner repositories to which data files may be uploaded
Satisfaction could be monitored from questionnaire responses on a Likert scale rating question e.g. “I value the support this repository offers to upload specialized data to other repositories”.

1.2 Usable deposit process
The ISO 9241 standard defines usability broadly as the “extent to which a product can be used by specified users to achieve specified goals with effectiveness, efficiency and satisfaction in a specified context of use”
. This dependence on the context of use implies a qualitative element in assessment, to understand how a system fits with users’ day-to-day workflows. The most important context of use for Dryad is participating journals’  article submission process, since Dryad aims to minimise barriers to deposit by integrating its own data deposition process with the journals’ process (or that of their publishers). 

DryadUK impacted on usability mainly through its work to integrate a broader range of journals and their article submission process.  While some journals had similar publishing platforms each had its idiosyncrasies and differences in requirements to be negotiated, with opportunities to improve the deposit process experienced by authors and journals.

Dryad UK: deposit process experiences

Improvements in the deposit process were brought about through working closely with publishers to integrate Dryad data deposit with their manuscript submission systems. Favourable feedback on ease of submission from newly integrated journals and their authors/users was a critical successful factor for the project. This feedback was obtained through regular contact between BL, the NESCent development team and the publishers and learned societies involved. Journals involved authors in trying out changes in the process. These were: 

· Earlier availability of DOIs to enable journal production teams and authors to make data DOIs available in manuscripts that would be released in “online early” form by publishers upon acceptance
· Delaying data promotion until article publication. This addressed the situation that Dryad could make data available relating to an article that, although accepted by a journal, had yet to be publicised on their site 

· Testing the option to make deposited data available to journal peer reviewers (see separate heading below)

The UK project focused on addressing issues as they arose for journals. This did not include formal usability testing, although that is part of the development agenda for the NSF-funded project. 
Proposed metrics and sources

Quantifiable metrics should complement qualitative reports of user experiences. Dryad’s users include three main types of user of the deposit process; authors who deposit; journal and/or publisher production teams; and curators involved in data deposit and ingest. 

The deposit process will vary in several ways apart from the differences in publishers’ article submission processes already mentioned. One variable is whether the author has data to deposit in other repositories that Dryad ‘handshakes’ with. Probably the most significant source of variation will be in the number, size and types of file that a user wants to deposit, and factors affecting upload time such as available bandwidth. 

Use case scenarios are a well-established basis for usability testing, and scenarios could be constructed to take account of normal and exceptional sequences of events for each user type, and for common combinations of file types and handshaking arrangements. By breaking deposit down into typical task completion scenarios, usability test participants can be asked to follow these and their timing and completion rates recorded.

File and metadata packaging standards such as BagIt, SWORD, OAI-ORE will probably contribute to the usability of repository deposit as they become more widely implemented, at least to the extent that depositors find interface features easier to learn through being commonly encountered. However they are more relevant under the heading of interoperability, considered later.

Measures relevant to Dryad’s aim of offering ‘one-stop data deposit’, while keeping deposit as simple as possible for authors
 include:

· Deposit completion time: a user can complete the deposit of a data package in less than15 minutes.

A 15-minute deposit time is a target agreed with Dryad’s funders.

· Deposit completion rate: users can correctly complete deposit tasks 95% of the time

This assumes that deposit steps can be meaningfully identified as ‘completed incorrectly’ if a user leaves the page without having entered required data or with errors in that data. An observational study should identify the typical range of errors and these could subsequently be monitored from log file data. 

· User satisfaction with efficiency, ease of use, and help provided, e.g. 

“I find it easy to deposit data in this repository”

“Files I need to deposit are quick to upload”
“I can work through the deposit steps quickly”
“Assistance is available and helpful”
Satisfaction could be monitored from questionnaire responses on Likert scale rating questions e.g. as above.
1.3 Data subject to peer review
Some workshop discussion participants saw it as vital to have data deposited in Dryad available for scrutiny by peer reviewers of the associated article, although there were also some who saw data peer review as a “non-issue” for journals. A distinction can be made here between making data available to peer reviewers to inspect at their discretion, and requiring that the peer reviewers inspect the data as a condition of publication.  Workshop discussion was oriented to the former; for example to allow a peer reviewer to check data before publication. Routine validation checks e.g. on file format reliability that are typically part of a repository ingest function were not identified as within the scope of a journal’s article peer review process.

The Dryad data submission workflow was revised in release 1.9 of Dryad (March 2011) to make data packages that authors have submitted with their draft manuscripts available to journal peer reviewers. This option is now being used by a number of Dryad partners (including BioMed Central and BMJ Open). 
Proposed metrics and sources
· Perceived value of availability of data for peer review
“The availability of data for peer review before publication benefits my research  ” - mean score on rating scale from strongly agree to strongly disagree.
“The availability of data for peer review before publication benefits the research community ” - mean score on rating scale from strongly agree to strongly disagree.
“The availability of data for peer review before publication benefits research we fund” - mean score on rating scale from strongly agree to strongly disagree.
“The availability of data for peer review before publication benefits the quality of the journal” - mean score on rating scale from strongly agree to strongly disagree.
1.4 Discoverability and disciplinary metadata search

“Once you start making things discoverable you have to continue” (workshop participant). 

Discoverability in this context refers to the users’ ability to find and access new data packages within an acceptable period of a related article being published. Borrowing from web search engine concepts, discovery can be assessed in terms of coverage, i.e. presence of the item in the output of a discovery mechanism, and latency, i.e. the time taken to make the data package available 
,
.  Under this heading we refer to mechanisms that users interact with directly, rather than through software they deploy which is discussed under the ‘machine readability’ heading.

In workshops, discoverability was frequently talked of as a main motivator for stakeholders to use Dryad, and fundamental to the value they saw in it. Stakeholders related discoverability to the benefits of greater access to data, providing greater transparency in research. One funder representative articulated this as follows:

 ‘I see Dryad as a way of helping to support the integrity, transparency and openness of the research that we and other funding agencies support.  It does this through reinforcing the integrity and transparency of the research record by ensuring that the data sets that support research publications are open and accessible.’ 
This was also recognised as a potential benefit to publishers and journals through article visibility (q.v. below) and a threat to authors; ‘There is also a risk here for authors of their work being disproven, so they will need convincing’ as one publisher put it.

Finding data that authors have deposited with a journal as supplementary material is not normally well supported; content is rarely searchable either directly or via queries on metadata descriptors. Typically a user may find the data only by browsing individual articles and checking for links to any material. Currently few institutional repositories relate articles to datasets, although some UK universities are developing capabilities in this area (e.g. Oxford
 and Edinburgh
).  Specialist bioinformatic databases such as GenBank by contrast provide discovery tools that enable data to be linked via PubMed identifiers to articles. Dryad is in the process if implementing similar capabilities to link from Pubmed to data packages in the repository. 

Dryad provides keyword and phrase searching on data package content. This is complemented by options for facet searching, and browsing lists of author and journal title. Dryad’s overall Development Plan aims to enhance this to enable users to “…search over hierarchical concepts, e.g. "all lizards", using vocabularies and ontologies, including taxa, keywords, geonames”.  Dryad-UK contributes indirectly to this goal by introducing support for the MIIDI standard as already described. In principle this could enable Dryad to make MIIDI metadata searchable in the retrieval interface. Dryad-UK also contributes on this criterion by demonstrating how citation data may be published in linked data form.

Dryad data packages are discoverable on the web through exposure to (e.g.) Google crawlers, and through various mechanisms illustrated in Figure 2. We outline these and then identify where DryadUK sought to add value.
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Figure 2. Dryad’s discovery interfaces 

Search on partner repositories
Dryad is implementing handshaking with GenBank as mentioned earlier, and has this in place for Treebase. This should ensure links will be maintained between the Dryad data package and associated submissions to GenBank, allowing data re-users to easily find all content associated with a publication
.
The discoverability of Dryad data packages can partly be considered in terms of how quickly after publication the data packages become available in other repository catalogues through query federation, handshaking or harvesting mechanisms
. 

Search function and catalogue listings 
Dryad provides keyword and phrase searching on data package content. This is complemented by options for facet searching, and browsing lists of author and journal title. The Dryad project is researching enhanced repository search through its partnership with the HIVE initiative at University of North Carolina (ref).

Dryad’s overall Development Plan aims to enhance this to enable users to “…search over hierarchical concepts, e.g. "all lizards", using vocabularies and ontologies, including taxa, keywords, geonames”.  DryadUK contributes indirectly to this goal by introducing support for the MIIDI standard as outlined in 1.1 above. In principle this could enable Dryad to make MIIDI metadata searchable in the retrieval interface.

Social media

Some publishers provide their online journal users with tools to recommend articles they find to their peers. For example Wiley-Blackwell have introduced functions to share on Facebook ,Twitter and other social media
.  Similarly ‘positive feedback’ functions ((e.g. frequently accessed items or ‘top 20 downloads’) may help users find data that is valued by their peers. Dryad might use similar functions to aid discovery via social media.

Proposed metrics and sources

One approach to measuring discovery is the ‘coverage ratio’ used to evaluate the effectiveness of web search crawlers
. This could be adapted to help assess the effectiveness of mechanisms to expose data to the web and to partner repositories. Alternatives proposed below include identifying support for standards, and satisfaction ratings.

·   Coverage ratio, i.e. 95% of new packages deposited in Dryad are discoverable immediately on publication of their associated article via the data DOI
This could be assessed by a journal or publisher periodically sampling articles that have an associated Dryad dataset, comparing the publication date and time of their respective landing pages over (say) one month, and disallowing those with a time difference greater than (say) 5 minutes.  

·   Newly published packages are discoverable on the web via 3rd party indexers such as Google Scholar and ISI WoS
This could be assessed by periodically sampling new data landing pages and identifying whether or not they are accessible via the target 3rd party indexers e,g, Google Scholar and ISI WoS after (say) one week from their release via Dryad.

·   Relevant disciplinary metadata standards are supported in repository search or navigation options

The repository search documentation or help function should detail what metadata standards if any are supported.  For this purpose, a ‘disciplinary’ standard is one with a publicly documented aim of supporting research in a specific discipline, domain or field, i.e. it excludes general purpose formats, terminologies or exchange standards (e.g. Dublin Core, or SWORD).  Third-party catalogues of disciplinary standards should be used to determine what count as ‘relevant’ standards. The assessment should recognise different forms of ‘support’, e.g. vocabularies might be implemented in faceted search mechanisms or by automatically highlighting terms (for example). Dryad currently refers depositors and users to the UK bioinformatic community initiative BioSharing, whose catalogue identifies three types of standard 
:

· Reporting requirements: minimal information checklists to report a core set of information about an investigation e.g. MIAME (Minimum Information About a Microarray Experiment)

· Terminological artifacts: controlled vocabularies and ontologies to describe the information, e.g. OBI (Ontology for Biomedical Investigations) 
· Exchange formats: used to communicate information or metadata, e.g. DICOM (Digital Imaging and COmmunications in Medicine)
· Searches may be extended to other relevant repositories

Documentation should detail any support provided for query results to include responses from other repositories relevant to the target user community. Extended search capabilities should be comparable between data repositories on a rating scale, e.g. a 3 point scale from ‘not provided for’ to ‘provided for’ and ‘well provided for’. 
· Social navigation helps users find items
The home page and the landing pages for individual items should detail any available function to post items on social media sites, or information on items that are frequently visited or downloaded. As above, this should be comparable between data repositories on a rating scale, e.g. a 3 point scale from ‘not provided for’ to ‘provided for’ and ‘well provided for’. 

· Satisfaction with options to search repository content.
Satisfaction could be monitored from questionnaire responses on a Likert scale rating question e.g. “I am satisfied with the options provided to find items relevant to my needs ”.

1.5 Enables aggregation/ machine readable 
Three areas of benefit to Dryad-UK stakeholders can be described in terms of the machine readability of the content. One is to improve repository users’ ability to inspect ‘the data behind the graph’, e.g. to analyse (or re-analyse) it. This data may otherwise only be accessible as a graph rendered as an image in the HTML version of the research article, or in a PDF file in supplementary material. Workshop discussions demonstrated publishers’ interest in the potential of data repositories as resources for them to provide added value services, e.g. by providing their users with more directly interactive means to inspect the ‘data behind the graph’ in articles. 

The second benefit from machine readability is the value gained by aggregating data, from the ability to automatically retrieve data from a number of data packages (or related articles) for analysis using text or data mining techniques.  One publisher’s comment (raised against the relevance of peer review but pertinent here) was that “…you can’t judge the value of data based on just one dataset”. 
The third is the creation of machine-readable metadata to describe the data packages, for which the exemplar mappings of the basic Dryad metadata to RDF, and MIIDI and the MIIDI Metadata Editor for the creation of rich metadata, both provide new possibilities.

Dryad-UK demonstrated how Dryad data packages and associated DataCite metadata may be mapped to RDF using ontology terms, through work in association with the JISC Open Citations project, by Shotton and Peroni 
.  This has helped inform Dryad US plans to make data packages available in OAI-ORE through its participation in the DataONE project 
. Dryad-UK also demonstrated how to make citations to data packages available in linked data format. This might be implemented by embedding citation data, in RDFa format, in the landing pages for data packages.

Proposed metrics and sources

Indicators of machine readability extend those for discoverability, and are proposed to include:

· Data packages are available in an open data standard 

Repositories could be compared by periodically taking a random sample of deposited datasets, and classifying them on the five-point scale proposed by Tim Berners-Lee
:

“★ 

Available on the web (whatever format), but with an open licence 

★★ 
Available as machine-readable structured data (e.g. excel instead of image scan of a table) 

★★★ 

as (2) plus non-proprietary format (e.g. CSV instead of excel) 

★★★★ 

All the above plus, Use open standards from W3C (RDF and SPARQL) to 
identify things, so that people can point at your stuff 

★★★★★ 
All the above, plus: Link your data to other people’s data to provide context.”
Data files submitted for deposit in Dryad are assessed and according to its deposit and curation guidelines they “should be submitted in a state that is ready for analysis and optimal for reuse”, i.e. at least rating ★★ above.
· The repository has published plans to make data packages available in an open data standard.

Dryad plans to represent data packages using OAI-ORE, which can express internal relationships in a variety of formats including RDF 23.  

· Satisfaction with machine readability of repository content
Users needs for machine-readable content will be diverse and monitoring their satisfaction through periodic surveys should help to identify demand for additional functions. Satisfaction could be measured on a Likert scale question e.g. “I am satisfied with the readability of the data I can download for further analysis using software of my choice ” – mean score on rating scale from strongly agree to strongly disagree.

2. Take-up and Impact
2.1 Evidence of community take-up 
The take-up of Dryad compared with alternative repositories can in principle be assessed in terms of the volume of deposited data packages and the DryadUK Planning Report shows trends in the deposition rate. Other indicators of usage such as downloads were considered under ‘Access statistics available’. 
The extent of engagement can in practice be difficult to compare as repositories differ in target community.  For instance, institutional repositories can take the target community to be the institution’s research faculties and groups, whose affiliated members are identifiable. Alternatively, when a funding body supports specific research domains and mandates that its outputs are deposited in a specific data centre then its funded projects and investigators are also an identifiable population. 

Dryad’s target communities can be taken to be:

· Publishers and learned societies in disciplines Dryad targets: DryadUK aimed to stimulate UK journals’ take-up, especially in the area of infectious disease and epidemiology. Aiming for 15 new journals, the project succeeded in engaging 20. 

· Authors/ depositors and readers of journals that are affiliated or partner with Dryad. This is assumed to be substantially equivalent to the population of researchers, educators and students who would reuse the data in the repository. The take-up among depositors can be measured as a percentage of published articles in these journals that subsequently deposit data in Dryad. This was assessed in the separate DryadUK Planning Report.  The extent of use can be assessed using page views, downloads, citations, and other metrics of data reuse.

Proposed metrics and sources

Data repositories are relatively new to many research communities, and an evaluator should expect to find a repository engaging with a growing percentage of its target population (or ‘designated community’) and making this information publicly available. This might be expressed as:

· The repository makes public its designated target communities of depositors and/or reusers

· Annual growth in the number of depositors in the repository as a percentage of the identified target population of depositors.

· In Dryad’s case, for journals whose manuscript submission process is integrated with Dryad’s an increasing percentage of published articles should have an associated dataset in Dryad within 6 months of publication.

· Annual growth in the number of unique and/or registered users

2.2 Seen as best practice exemplar
This was seen as an important success factor by Dryad project members and a minority of the consulted stakeholders. 

Proposed metrics and sources

· Favourable references to the repository as an influence on policy or practice in published articles or social media.

These should be quantifiable using the range of metrics that can be applied for the purpose; citations to articles, inbound links and page views to online content about the repository; for example in Dryad’s case to the Dryad wiki and blog. Content analysis of at least a sample of this third-party commentary should identify where the sentiments are favourable or not, and whether the repository is being cited as an example of good practice or not. 
· Increasing number of favourable twitter mentions.
A crude measure of community attention would be the monthly total number of tweets using the #dryad hashtag. Mentions of @dryad e.g. in re-tweets may be a better measure of community endorsement of views expressed from the Dryad twitter account and are straightforward to measure. 
· Perceived value of the repository as an exemplar of best practice

Satisfaction could be monitored from questionnaire responses on a Likert scale rating question e.g.  “this repository exemplifies community best practice in data archiving”.
2.3 Access stats available
The availability of access statistics was important to most stakeholders. Access levels can be measured in terms of page views of dataset landing pages, and downloads of these datasets. The repository tracks and reports on the cumulative number of page views and downloads for each data package and data file. This is an index that should be comparable between repositories. Standards for reporting comparable data have been defined by the Knowledge Exchange, based on the COUNTER standard
 and the PIRUS project
. Although intended to support collection of article-level metrics from journal publishers, these standards may be extended to data repositories.

The established link between article download rates and subsequent citation rates is one of the drivers of COUNTER. This suggests several questions that have been beyond the scope of the DryadUK project but would provide useful tests of the Dryad model:

· Are articles with linked datasets accessed more than articles without? This could provide early evidence of a positive impact on citation rates.

· Does dataset access/use lead to article usage? It should be straightforward for publishers to monitor web referrals from Dryad data landing pages to their article landing pages, and the rate that these are ‘converted’ to downloads. 
Proposed metrics and sources

· Information is available on levels of download from and access to individual items, and to the repository’s overall holdings.
· Annual growth in visits to landing pages and items downloaded
It should be feasible to compare repositories on the rate of growth in each of these figures. Currently each Dryad landing page provides data on the number of downloads and page views. Since each Dryad data package has a number of associated pages, visits may be preferable as a measure.
2.5 Citable and attributable

The ability to cite and attribute data packages was consistently ranked as ‘very important’ among those consulted in each stakeholder group. Workshop participants closely associated the discoverability and impact of research articles with the ability to cite a dataset using a persistent identifier. Some journal representatives saw the potential for additional traffic to journal sites. As one put it: ‘What’s useful is having a link that’s sustainable over time and offers another route in to the journal, so its more discoverable’. 

DryadUK contributed to dataset citability by using Dryad as a test case for DataCite and by developing DaCO, a Data Citation Ontology. Attribution is mentioned separately under this heading to highlight the provision of guidance on how to use the citation mechanism. DryadUK contributed to this in the form of a Data Citation Best Practice Discussion Document written by David Shotton 
. 
Proposed metrics and sources

· Guidelines are given on how to cite data items
Persistent identifiers (PIDs) conforming to a standard such as the DOI (Digital Object Identifier) enable datasets to be uniquely identified. This enables citation, and a data repository that implements PIDs should also guide its users on the recommended form of a citation using the PID, to ensure that proper attribution is given. This should be included in the landing page for a dataset/ data package, e.g. as recommended by Dryad:

Kingsolver JG, Hoekstra HE, Hoekstra JM, Berrigan D,Vignieri SN, Hill CE, Hoang A, Gibert P, Beerli P (2001) Data from: The strength of phenotypic selection in natural populations. Dryad Digital Repository. doi:10.5061/dryad.166

2.6 Data/ article citation impacts are traceable

This criterion was seen as ‘very important’ by more of those consulted in DryadUK than any other of the criteria. DataCite is developing infrastructure for tracking citations to datasets based on use of data DOIs, and working with Thomson Reuters and other organisations that report citation statistics and related metrics. 

DryadUK has contributed to understanding of how data deposit may affect article citation rates. The case for depositing article-related data rests partly on evidence from citation studies of an ‘impact advantage’ through higher citations. Earlier work by Heather Piwowar and colleagues has become a significant plank in this evidence 4. While that study was based on data relating to a small number of clinical trial reports and related microarray datasets. The DryadUK study draws on a much larger sample of data collected by Piwowar to assess how citation relates to a broader range of factors. These include indicators of the number of article authors, medical subject area, author attributes including gender and affiliated institution, institutional rankings, and journal impacts and access (open or otherwise). 
Proposed metrics and sources
· A data package/item is associated with a persistent identifier according to an accepted standard.

It is highly desirable that a data repository supports an accepted PID standard and makes this clear, as Dryad does. There is widespread acceptance of the desirability of persistent identifiers (PID) for datasets. Currently DOIs have gained traction among a variety of standards 
.  Their usage to uniquely identify datasets allows data citations to be counted. To the extent that articles and datasets use an accepted standard to reference each other, citation analysis can track the correlations between their usage and hence their relative contribution to overall citation impacts. 
2.7 Visible through repository interoperability

This criteria is concerned with the repository’s model for interoperating with other repositories, and its support for technology standards to support that model, particularly SWORD (http://swordapp.org/sword-v2/), which Dryad intends to implement. There is some overlap between this criteria and ‘deposit a wide range of data types’ and ‘discoverability’, however those are concerned with aspects of user interaction, whereas this is concerned with the organisational and technical support for that. Dryad’s handshaking arrangements with partner repositories have already been mentioned and enable deposit of specific data types in them. This in turn aids the discoverability of this content as it becomes available through multiple routes. 

Visibility in this context is the impact of organisational and technical arrangements to facilitate deposit and discoverability. Visibility is provided in organisational terms through partnering arrangements in place for Treebase and the Knowledge Network for Biocomplexity (KNB). Technically, Dryad harvests Dublin Core metadata from these via the OAI-PMH protocol, and makes its metadata available to these and other repositories via the same route. Dryad also offers query federation with repositories using Metacat, an XML database used by the Knowledge Network for Biocomplexity and associated networks including the LTER.

From the perspective of some Dryad-UK stakeholders there was a need to articulate where institutional repositories fit alongside the Dryad model. Technical support for this was considered in the project, by investigating mechanism to notify the Oxford University repository of submissions to Dryad from affiliated faculty, but was not implemented, primarily for lack of time.
Proposed metrics and sources
· Support for repository deposit and harvesting standards 
Repositories that deploy standard protocols for deposit and harvesting should benefit from interoperability, leading to greater visibility since their content should be more discoverable.  For example currently Dryad uses the BagIt tool to package data for deposit in TreeBase, and may implement SWORD
. As already mentioned Dryad also uses the OAI-PMH harvesting protocol.

3. Policy and Process

3.1 Open access licence terms
Depositors in Dryad are required to place their data in the public domain by using a Creative Commons CC0 licence waiver. This reflects the view of the open data movement, enshrined for example in the Panton Principles, that imposing legal restrictions on reuse inhibits scholarly communication and citation. There is likely to be trade-off here for Dryad (and other repositories) between ease of reuse and take-up among author who might be put off by a blanket policy on licensing and prefer other possibilities (where these exist) such as Creative Commons ‘copy-left’ waivers that limit reuse to non-commercial purposes, or apply ‘share-alike’ conditions. 

The consultation questionnaires tried to gauge whether Dryad stakeholders consider it more important to ensure that licence conditions are uniformly waived, or whether variation in this might be preferable, e.g. to encourage deposit. Stakeholders were asked how far they agreed with two positions, and responded as follows:

· Authors should use 'public domain' license terms to maximize potential for reuse (e.g. Creative Commons CC0): 

10 agreed a lot; 2 agreed a little; 3 stated ‘neither’; 1 disagreed a little; none disagreed a lot.

· Authors should have a choice of license terms that may limit reuse (e.g. using share-alike, non-commercial license terms): 

1 agreed a lot; 7 agreed a little; 0 stated ‘neither’; 2 disagreed a little; 6 disagreed a lot
These responses do not suggest strong support for a blanket position. This merits further assessment and monitoring, especially as there was not enough responses from authors to draw any conclusions.

Proposed metrics and sources
·  Data are available with minimal licence restrictions on access and reuse 

The repository should state its default licence terms and these should reflect community sentiment.

· Perceived value of the repository’s licence terms  

Stakeholder questionnaires should monitor community sentiment to consistently applying public domain waivers (in the interests of maximising re-use potential), or for allowing authors choice of some restriction in the interest of maximising deposit potential. For example rating scales could test agreement with the following: 

· “I am satisfied data is available on licence terms that maximise the potential for reuse”; 
· “I am satisfied that authors have a sufficient choice of licences that may limit reuse to share-alike or non-commercial terms”.
3.2 Embargo period option
There was support for the principle that the repository may withhold or ‘embargo’ from public access data that has been submitted to it, according to the choice of the submitting author, and depending on the policy of the journal concerned. There was slightly less support for flexibility in that period. In the questionnaire for the second workshop DryadUK stakeholders were asked how far they agreed with two positions, and responded as follows:

· Authors should have the option to limit access for a defined 'embargo period' e.g. a year: 

7 agreed a lot; 4 agreed a little; 1 stated ‘neither’; 1 disagreed a little; 3 disagreed a lot.

· There should be flexibility in the length of any embargo period e.g. for different fields: 

5 agreed a lot; 4 agreed a little; 1 stated ‘neither’; 3 disagreed a little; 1 disagreed a lot.

The Dryad deposit guidelines state that authors can deposit data in Dryad before a partnering journal has published the associated article. Publication of that data will be withheld until the journal’s production process has notified dryad that the article has been published. Dryad also offers partner journals the option to allow authors an embargo period beyond the article’s publication, normally limited to one year. 

Proposed metrics and sources

·   Data may be deposited with an embargo on publication for a limited period subject to community norms
It seems reasonable that if embargo periods are thought desirable but are quite contentious a repository should provide the option, state clearly that it does so, and monitor views on the value of this.
·   Perceived value of the embargo options provided by the repository

This could be monitored in periodic questionnaires through responses to (e.g.) “I am satisfied with the options given to depositors in this repository to embargo data for a limited period”

3.3 ‘Trusted Digital Repository’ status
Most workshop participants who responded to questionnaires agreed that a repository’s ‘long-term preservation plans and processes should follow standards’. DryadUK addresses long-term preservation indirectly, by contributing to the long-term sustainability model for Dryad. Dryad is also considering the relevant ‘trusted digital repository’ standards and how these may be applied to its plans and processes. At time of writing Dryad is not committed to seeking certification of compliance with a specific standard.  

The development of standards for data repositories to claim the status of a ‘Trusted Digital Repository’ has gathered momentum with the publication of the draft ISO16363 standard for repository audit
.  Along with several related models – the Data Seal of Approval (DSA) and the Digital Repositories Audit Model Based on Risk Assessment (DRAMBORA) – the ISO16363 standard has evolved from a set of criteria named TRAC (Trustworthy Repository Audit Criteria and Checklist)
 and the OAIS standard for Open Archival Information Systems (OAIS)
.  

The Data Seal of Approval (DSA) is a standard developed by the Dutch archive DANS (Data Archiving and Networked Services) and to date is mainly adopted by social science data repositories. The DSA is gaining international recognition as a tool for self-assessment and independent review. Repositories following the standard can display a DSA kite-mark. 

DRAMBORA is a digital preservation risk assessment methodology that has been applied by a number of repositories. Developed as an EU FP7 project by the DCC and Digital Preservation Europe, the methodology is available as an online toolkit 
 to be used on a self-assessment basis. 
Proposed metrics and sources
The draft ISO standard has an extensive set of metrics that would be applicable. These relate to organizational infrastructure, digital object management, infrastructure and security risk management. The standard recognises that the “…constant monitoring, planning, and maintenance, as well as conscious actions and strategy implementation” that are required of repositories adopting the standard are “…at present an expensive, complex undertaking”.  It provides for different levels of accreditation, from self-assessment to independent third-party audit. 
The less onerous Data Seal of Approval also has a self-assessment mode. This is promoted as the ‘…starting point for the awarding of the Data Seal of Approval’. It involves using sixteen Data Seal of Approval metrics, similar in scope to ISO 16363, to assess the repository’s implementation of policies and procedures. An online tool is available, and may be used to apply for online accreditation by linking to the relevant documents to “reflect the current situation of the repository in a transparent and open manner”.

·   The repository publishes its status against a recognised Trusted Digital Repository standard
This framework identifies relevant standards and recommends that Dryad make its status clear against one of the recognised standards. 

·   I am satisfied this repository has plans and processes for long-term stewardship that follow accepted standards
The corollary is that more evidence is needed of the level of demand from users and stakeholders. While it is clear that UK stakeholders see standards as desirable, it is not clear what level of compliance and with which standard, would ensure Dryad has the attributes they want. Gathering responses to a statement phrased as above in periodic questionnaires should help monitor satisfaction, although it would not be sufficient to support decision-making. 

A more rigorous approach to aid repository decision making would involve testing stakeholders’ willingness to pay for specified levels of compliance, using a contingent valuation method 
 to develop a questionnaire setting out the cost implications of various levels of standards compliance.
3.4 Clear curation service levels 
The clarity of a repository’s ‘curation service levels’ was added to the framework after the first DryadUK workshop when some publishers and journals present expressed a need for Dryad to more clearly set out the added value provided through ‘levels’ of curation activity.

The levels of curation available, and their provision as a service with guarantees to users or stakeholders might be used for comparison with other repositories. Currently the information available on Dryad’s wiki is limited to the development plan and the preservation policy. The latter 
 states a preference for “non-proprietary, publicly documented formats” and identifies three levels of support for file preservation:
· Full support: Dryad will make a best effort to ensure the full functionality of these files into the future, including format transformation/conversion as needed. Full support is given to specified text, image, audio and video formats.

· Limited Support: Dryad will make some effort to ensure the future readability and functionality of these files, but there may be some loss

· As-Is Bitstream Access: Dryad preserves the bitstream as-is and makes no promises regarding format transformation or future readability of the file.

The preservation policy sets out the users’ responsibility to provide files in suitable formats, as a precondition for Dryad’s adding value to these. The Dryad wiki indicates levels of added value that will be provided. It identifies three levels of tool support for curation
, which can be summarised as follows:

· Level 1: file format verification, virus checking, and spell checking

· Level 2: enhanced metadata from keyword extraction based on author-supplied keywords, article title, and abstract

· Level 3: enhanced metadata extracted from the full text of the article and aligned with data package files
Proposed metrics and sources
·   The repository publishes the curation functions it performs to one or more levels of service
The levels above do not currently correspond to different levels of service Dryad provides, either to publishers or users. The point here is not to identify what a ‘curation level of service’ ought to consist of, only that it should be clearly stated e.g. in terms of purpose, function, performance and value provided.
·   Satisfaction that curation activities provide clear added value 

Satisfaction could be monitored from questionnaire responses on a Likert scale rating question e.g.  “I am satisfied that the repository clearly sets out what it does with data deposited to ensure it can be effectively reused”.

Evidence of stakeholders’ willingness to pay for specified levels of curation would be useful, and (like the previous criterion) this could be gathered using a contingent valuation approach.
3.5 Representative Governance 
Dryad is currently governed by an interim Consortium Board that is constituted as follows:

“The DCB consists of one appointed representative from each Partner Journal, and each Partner Journal has one vote in matters brought to the board. The full board elects an executive committee of five journal representatives, including the project director. The executive committee is authorized to make most decisions on behalf of the full board, but issues regarding partner financial commitments and governance must be brought to the full board.”
At the first stakeholder workshop some stakeholders considered that the governance model does not sufficiently incorporate the interests of researchers. Changes to the governance model to address this were not within the scope of the DryadUK project, but the model is being developed further and a revised governance plan is anticipated early in 2012. 
Proposed metrics and sources
·   The repository publishes its governance process
Openly publishing the repository’s governance arrangements, as Dryad has done, allows judgements to be made on how representative the arrangements are. Direct comparisons with alternative places of deposit on this criterion are difficult. A repository’s governance is within the scope of the TRAC ‘Trusted Digital Repository’ audit criteria. However governance in that context is concerned with business or sustainability planning, and the need for commitment to long-term stewardship and escrow arrangements in case of organisational change or failure. Any direct influence of the repository’s user community on decision-making may be subsumed under any arrangements that a funder, publisher or industry body makes for service evaluation or monitoring (of ‘customer satisfaction’ for example).  Researchers may be represented through committee structures involved in governing institutional repositories and funding body-supported data centres. 

·   The repository provides its user community with sufficient say in decision-making.
Stakeholders’ subjective judgement about whether a repository’s governance arrangements are sufficiently representative of its user community could be monitored in periodic questionnaires through responses to (e.g.) “I am satisfied the repository is governed to give its user community sufficient say in decision-making”
Conclusions and Recommendations

We propose a framework for assessment drawing on criteria important to identified stakeholder groups, and indicators that may be used to compare Dryad against alternatives or track performance over time.  However this was a relatively small part of a short project, and wider engagement is needed to build a more comprehensive picture of the factors that matter most to the communities that data repositories need to engage with. 

The framework is recommended to Dryad with the proviso that it needs further development. More specific recommendations and topics for further work are as follows: 

Wider study of what is important to data depositors 
The project engaged with a small number of authors as depositors or reusers. A larger and more representative study of what they see as the important attributes of a data repository would benefit the publishing and data repository communities. Such a study would adapt the questionnaire trialled in DryadUK, supplemented with interviews. The support of publishing industry bodies such as STM (International Association of Scientific, Technical & Medical Publishers) or the ALPSP (Association of Learned and Professional Society Publishers) would be valuable in organising this.

Assess usability of the search interface and retrieval performance 

The framework has emphasized usability in the deposit process as this is a priority for Dryad, and the DryadUK project did not impact on search usability directly. This is an obvious gap that needs to be filled if the framework is to be used for comparative evaluations. Relevance metrics to test retrieval performance are a further gap, and it should be possible to extend the framework to monitor the impact on search precision and recall of enriched metadata (e.g. from MIIDI).

Further citation impact studies

As Dryad has been integrated with some journals for several years it should be feasible in the short term to carry out an analysis of the citation rates of articles in Dryad partner journals that have data deposited in Dryad, compared to those that are from the same journals but do not. In the longer term, it should be feasible to compare the impact of depositing in Dryad relative to other options (journal supplementary materials, researcher-managed websites, institutional repositories, or specialized repositories).

Guidance on studies of data citation

The project has not addressed the needs of intermediaries. For example subject librarians who provide support to faculty in tracking the citation impact of published articles might benefit from guidance on tracking data citations and their needs in this areas should be investigated.  

Assess cost-benefit tradeoffs 

The assessment framework identifies benefits but gives no guidance on the trade-offs between benefit and cost that are acceptable to users and other stakeholders. Methods to explore willingness to pay for varying levels of service, such as contingent valuation, have been tried and tested in the digital library community. These could usefully be applied to guide repositories on the level of investment they should make in particular goals, such as achieving certification as a trusted digital repository.

Appendix: Questionnaires

Questionnaire used in 2nd Workshop

[Note: A similar questionnaire was made available online to users of the Dryad blog, and to Dryad depositors via a link from the email inviting authors to deposit.] 
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Easy to deposit, to search, and to cite… What else matters when choosing an outlet such as Dryad for sharing or searching for useful research data?

Quality of the Interaction? please tick all that are ‘very important’ 
· Deposit a wide range of data types, plus software or code 

·  MACROBUTTON HTMLDirect 
Find a wide range of data types   
·  MACROBUTTON HTMLDirect 
Search on biological metadata and keywords 
·  MACROBUTTON HTMLDirect 
Guidance on biological metadata standards 
·  MACROBUTTON HTMLDirect 
Machine-readable data that can be mined 
·  MACROBUTTON HTMLDirect 
Data subject to peer review  
Take-up and Impact? please tick all that are ‘very important’ 
· Access figures shown for data deposited 

· Evidence of take-up e.g. users   

·  MACROBUTTON HTMLDirect 
Data citations are trackable   

·  MACROBUTTON HTMLDirect 
Integrated with Databases and Institutional Repositories   

·  MACROBUTTON HTMLDirect 
Seen as best practice exemplar in research community  

·  MACROBUTTON HTMLDirect 
Data creators/ authors can be contacted  

Policy and Processes: how far do you agree with the following? (please tick)
	 
	 Agree a lot  
	 Agree a little   
	 Neither   
	 Disagree a little  
	 Disagree a lot  

	1. Authors should use 'public domain' license terms to maximize potential for reuse (e.g. Creative Commons CC0) 
	·  MACROBUTTON HTMLDirect 
 
	·  MACROBUTTON HTMLDirect 
 
	·  MACROBUTTON HTMLDirect 
 
	·  MACROBUTTON HTMLDirect 
 
	·  MACROBUTTON HTMLDirect 
 

	2. Authors should have a choice of license terms that may limit reuse (e.g. using share-alike, non-commercial license terms) 
	·  MACROBUTTON HTMLDirect 
 
	·  MACROBUTTON HTMLDirect 
 
	·  MACROBUTTON HTMLDirect 
 
	·  MACROBUTTON HTMLDirect 
 
	·  MACROBUTTON HTMLDirect 
 

	3. Authors should have the option to limit access for a defined 'embargo period' e.g. a year 
	·  MACROBUTTON HTMLDirect 
 
	·  MACROBUTTON HTMLDirect 
 
	·  MACROBUTTON HTMLDirect 
 
	·  MACROBUTTON HTMLDirect 
 
	·  MACROBUTTON HTMLDirect 
 

	4. There should be flexibility in the length of any embargo period e.g. for different fields 
	·  MACROBUTTON HTMLDirect 
 
	·  MACROBUTTON HTMLDirect 
 
	·  MACROBUTTON HTMLDirect 
 
	·  MACROBUTTON HTMLDirect 
 
	·  MACROBUTTON HTMLDirect 
 

	5. The long-term preservation plans and processes should follow standards 
	·  MACROBUTTON HTMLDirect 
 
	·  MACROBUTTON HTMLDirect 
 
	·  MACROBUTTON HTMLDirect 
 
	·  MACROBUTTON HTMLDirect 
 
	·  MACROBUTTON HTMLDirect 
 


Finally, please identify your interest in Dryad (please tick all that apply): 

Publisher (      Journal (      Learned Society (      Funding body (      Author who may deposit (    Author interested in reusing data (       Library or repository professional (       Other (
* Responses will inform an assessment framework being developed in the JISC funded Dryad UK Project. For queries please contact : Dr Angus Whyte, DCC, University of Edinburgh, Crichton Street, Edinburgh EH8 9LE. Please return at the end of this workshop or online by 16th Sept at https://www.survey.ed.ac.uk/dryaduser 
Questionnaire used in 1st Workshop

( The Dryad Poll Please check which assessment criteria are important to you!
1. Data use: How important is it to assess the download statistics for data files?
Very important (    Quite important (    Unsure (    Little importance (    Not at all important (
2. Workflow usability for authors: How important is it to assess the usability for authors of the process integrating article submission and data deposit?

Very important (    Quite important (    Unsure (    Little importance (    Not at all important (
3. Costs identifiable: How important is it that publishers can identify costs of deposit and curation?
Very important (    Quite important (    Unsure (    Little importance (    Not at all important (
4. Cost efficiencies: How important is it to know the extent that journals and publishers can deal with supplementary datasets more cost efficiently?

Very important (    Quite important (    Unsure (    Little importance (    Not at all important (
5. Acceptability of access terms: How important is it that supplementary datasets are made available on terms agreeable to depositors?
Very important (    Quite important (    Unsure (    Little importance (    Not at all important (
6. Discoverability:  How important is the effectiveness of searches using non-bibliographic metadata e.g. taxa, geographic location, biological keywords?
Very important (    Quite important (    Unsure (    Little importance (    Not at all important (
7. Higher impact from article citation: How important is it to monitor impact from additional article citations garnered through dataset availability?
Very important (    Quite important (    Unsure (    Little importance (    Not at all important (
8. Higher impact from data citation: How important is it to monitor impact from dataset citations?
Very important (    Quite important (    Unsure (    Little importance (    Not at all important (
9. Curation and Preservation: How important is it to have independent assessment of long-term stewardship planning and processes, e.g. to meet standards of ‘Trusted Digital Repositories’?

Very important (    Quite important (    Unsure (    Little importance (    Not at all important (
10. Best practice exemplar: How important is it that the scientific community regard the repository as an exemplar of best practice?
Very important (    Quite important (    Unsure (    Little importance (    Not at all important (
11. Journal take-up : How important is demonstrating take-up through number of partner journals?
Very important (    Quite important (    Unsure (    Little importance (    Not at all important (
12. Author take-up : How important is demonstrating take-up through deposition rates, volumes?

Very important (    Quite important (    Unsure (    Little importance (    Not at all important (
What else matters? Please add anything else you think it very important to assess:

Finally, please identify your interest in Dryad (tick all that apply): 
Publisher (      Journal (      Learned Society (      Funding body (      Author who may deposit (    Author interested in reusing data (       Library or repository professional (       Other (
Thank you for your participation! Please return at the end of this workshop. Alternatively by 8th April  to: Dr Angus Whyte, DCC, University of Edinburgh, Crichton Street, Edinburgh EH8 9LE
�
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