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Topic Outline

 Research Data Management
 Digital Repositories
 Issues in Data Management
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Research Data Management



department of computer science

  

What is Research Data Management?

 Planning
 Organisation
 Storage
 Sharing
 Stewardship

 ...of your research data.
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Research Data Management Lifecycles
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What is Research Data?
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What is Research Data?

 Raw survey data in CSV files?
 Graphs generated in Excel?
 Software program to produce analysis (R/Python)?
 Telephone interview audio files?
 Paper-based survey responses?
 Research paper/article/chapter/book?
 Spreadsheets containing descriptions of objects?
 Video recordings on cellphone?
 Lecture slides on a research topic?
 Infographic produced for a newspaper?
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Why data management?

 Plan/resource appropriately.
 Protect data from disaster/misuse/etc..
 Ensure quality in data.
 Share data.
 Allow verification of results.
 Reuse data.

 Reduce costs. 
 Expand research.
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Why data management? Institutional Policies
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Why data management? Requirements



department of computer science

  

Why data management? International bodies
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Why data management? Principles: FAIR

 Research data must be ...
 Findable
 Accessible
 Interoperable
 Reusable
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Phase 1: Planning

 Think about the data use before a project:
 Availability
 Costing
 Resourcing (store, collect, ...)
 Analysis requirements
 Potential problems
 Etc.

 How methodical should you be?
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Data Management Plan
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Data Management Plan: DMPOnline
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DMP Checklist
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A DMP Checklist-driven plan
a. Related policies

There are not many policies to govern data management but any that exist (such as the NRF Open Access policy and emerging UCT policies on research data management) will be adhered to.

b. What data will you collect or create? How will the data be collected or created?

This work will result in the development of multiple experimental software systems, and some sets of data from system- and user-oriented experiments.  All the software tools will be new experimental tools and they cannot be based on prior work.

Software systems will be programmed by following standard software development methodologies.  Data from experiments will be collected through feedback from users on online/paper forms.  System-oriented data will be collected through instrumentation of software tools to 
take measurements and through the analysis of log files.

c. What documentation and metadata will accompany the data?

All software systems will be extensively documented as per typical software system documentation standards.

All experimental datasets and software systems will include basic descriptive and discovery metadata such as title, description, format and date.

d. How will you manage any ethical issues? How will you manage copyright and Intellectual Property Rights (IPR) issues?

There are no known ethical issues related to the software systems and system-generated datasets.

User-generated datasets will be subject to the host institution's policies on Ethics in Research.  This includes the submission of a protocol to an institutional review committee to obtain approval before any users are involved in experiments, providing full disclosure to users and 
guaranteeing anonymous participation from users.

Since all software will be produced locally, there will be no third-party IPR issues.

All tools will be produced and distributed using open source licences, thereby enforcing copyright.  Given that the aim of distributing experimental tools is to foster research, there is no intention to seek commercialisation at this stage.  If there is a future possibility of 
commercialisation, any invention will be submitted to the university's IP office for assessment.

e. How will the data be stored and backed up during the research? How will you manage access and security?

Software tools will be archived and made publicly accessible in one or more of the following locations: Digital Libraries Laboratory website (where all past work can be found) and Department of Computer Science Research Repository (pubs.cs.uct.ac.za). 

Any public datasets produced from experiments will be archived in locations such as: OpenUCT (campus-wide IR, open.uct.ac.za), or DataFirst (an established data repository, based at UCT).

Software systems and datasets will largely be open access so there is no need to maintain access-level security.  

Sensitive data (such as pre-anonymised datasets) will be stored offline on removable media and not shared.

f. Which data should be retained, shared, and/or preserved?  What is the long-term preservation plan for the dataset?

All software tools will be shared and preserved indefinitely.  Datasets from experiments will be preserved and shared as they will be related to publications and data analyses.

Long-term preservation of software tools is best managed through the use of public repositories such as Github, and the use of simple websites to share software packages.

g. How will you share the data?  Are any restrictions on data sharing required?

Data will be shared using public platforms, with no restrictions on data sharing required.

h. Who will be responsible for data management? What resources will you require to deliver your plan?

The project proposer will take primary responsibility for the preservation and maintenance of all tools and any datasets produced.  Reuse will be promoted both locally and in external projects and, where possible, the tools will be included in catalogues of toolkits for research. 

Servers and data repositories are already in place to support the management of the data.

c. What documentation and metadata will 
accompany the data?
All software systems will be extensively 
documented as per typical software system 
documentation standards.
All experimental datasets and software 
systems will include basic descriptive and 
discovery metadata such as title, description, 
format and date.
...
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Phase 2: Acquisition / Organisation

 Source of Data:
 Observations

 Measure population movement in a region.
 Gathered data

 Use surveys to gather data about population movement.
 Third party data

 Get migration data from national census.
 Simulated data

 Use computer to simulate population movement.
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Data Cleaning

 Corrections
 Typing inconsistencies
 Transcription errors
 Translation errors
 Processing errors
 Human errors e.g., cut-and-paste

 Missing data
 Translation/transformation/standardisation
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Data Formats

 What is a good data format to use?
 Spreadsheet?
 Word document?
 Notepad text file?
 Database?
 XML document? 
 JPG image file?
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Data Formats - Guidelines

 Use a standard format.
 Use community guidelines.

 Syntax vs Semantics:
 Syntax is the structure.
 Semantics is the meaning.
 What do we need standardisation for?
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Data Formats - Images
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Data Formats – Levels of understanding

 Machine readable
 Computers can load the data and decode syntax.

 Machine actionable
 Computers can perform actions based on the data.
 e.g., data provides enough details to determine 

what analysis should be performed.
 Machine executable

 Computers can execute a dataset.
 e.g., data includes code to perform analysis.
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Backups / Recovery (and some answers?)

 How many copies is enough?
 4? 8? 16?

 Where to save copies of data?
 Some local, some online, some on removable 

media, some at work, some at home
 What to save?

 Full data and changes, to reconstruct everything
 Intermediate data and processed data
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Ethical Issues

 Anonymize all data before sharing/publishing.

 Full anonymity
 Cannot link row of data to individual.

 K-anonymity
 All identifiable data appears in K data items.

 Other issues? Potential for harm? Misuse?
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Phase 3: Sharing

 Why share data?
 When should data be shared?

 Before analysis? Before publication? After 
publication? After project?

 How?
 On-demand?
 Website?
 Attached to publication?
 Data archive/repository?
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Digital Repositories and Data Archives
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Some Definitions

 Digital Repository stores and provides 
access to digital objects.

 Institutional Repository provides access to 
data/papers/etc. Produced at a university.

 Data Archive is a digital repository that 
focuses on research data.

 Open Access is the principle of unrestricted 
access to research.
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Example Research Repository

 Author self-submission
 Checking of submissions
 Archive-everything!
 UCT-CS-specific metadata 

and classification systems
 Hierarchical browsing
 Simple and fielded 

searching
 OAI-PMH compliance
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Example Data Archive
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Example Data Archive
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Typical Services of Digital Repositories

 Store documents and metadata
 Search and Browse
 Submission of documents and metadata
 Moderation of content
 Access through Web interface
 Compliance with standards
 Enrichment: comments, reviews, etc.
 Linking with other systems
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Metadata
 Metadata refers to standardised descriptions 

of objects, digital or physical.

 Most digital repositories manipulate metadata 
records, which contain pointers to the actual 
data.

 The definition is fuzzy as metadata contains 
useful information as well and in some cases 
could contain all the data e.g., metadata 
describing a person.
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An Example of Metadata

 Metadata
 name: Chalk
 owner: Hussein
 colour: white
 size: 2.5cm
 description: used to write on board
 location: UCT lecture room 212
 source: Waltons Stationers
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Types of Metadata
 Descriptive

 title, author, type, format, …
 Structural

 part, subpart, relation, child, …
 Administrative

 location, identifier, submitter, …
 Preservation

 resolution, capture device, watermark, …
 Provenance

 source archive, previous version, source format, …
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Creating Metadata
 Follow metadata guidelines.
 Use terms from controlled vocabularies.
 Avoid duplication of information across fields.
 Use accepted standards for common elements.

 e.g., ISO 8601 for dates
2005-03-03 instead of 03/03/05
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Example: Dublin Core

RightsCoverageRelation

LanguageSourceIdentifier

FormatTypeDate

ContributorPublisherDescription

SubjectCreatorTitle

 Dublin Core is one of the most popular and simplest 
metadata formats.

 15 elements with recommended semantics.
 All elements are optional and repeatable.
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DC Metadata in Valid Qualified XML
<oaidc:dc xmlns="http://purl.org/dc/elements/1.1/" 
xmlns:oaidc="http://www.openarchives.org/OAI/2.0/oai_dc/" 
xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 
xsi:schemaLocation="http://www.openarchives.org/OAI/2.0/oai_dc/ 
http://www.openarchives.org/OAI/2.0/oai_dc.xsd">
   <title>02uct1</title>
   <creator>Hussein Suleman</creator>
   <subject>Visit to UCT </subject>
   <description>the view that greets you as you emerge from the tunnel under the 
freeway - WOW - and, no, the mountain isnt that close - it just looks that way in 
2-D</description>
   <publisher>Hussein Suleman</publisher>
   <date>2002-11-27</date>
   <type>image</type>
   <format>image/jpeg</format>
   <identifier>http://www.husseinsspace.com/pictures/200230uct/02uct1.jpg
</identifier>
   <language>en-us</language>
   <relation>http://www.husseinsspace.com</relation>
   <rights>unrestricted</rights>
</oaidc:dc>
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Example: VRA-Core
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Some other metadata standards

 IMS Metadata Specification
 Courseware object description.

 EAD
 Library finding aids to locate archived items.

 METS
 Descriptive, administrative and structural encoding for 

metadata of digital objects
 MODS

 Richer than DC, subset of MARC21
 MPEG21-DIDL

 Structural descriptions of complex multimedia objects
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Global Identifiers

 Digital Object Identifier (DOI) is a unique 
reference to a dataset or publication in an 
archive.
 e.g., https://doi.org/10.7927/H4Z31WKF

 Handled/generated/managed by repository.
 You do not need to do anything!

 Except, use the DOI and cite the DOI.

https://doi.org/10.7927/H4Z31WKF
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Interoperability

 Interoperability is the ability of systems to 
work together.

 It allows connecting of repositories so 
researchers can find data/documents across 
repositories.

 3 major aspects: standard metadata, standard 
network protocols and global identifiers.

 Google: no metadata, HTTP, URLs
 Can we do better?
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Global ETD Search
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Global ETD Search
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Global ETD Search: How It Works

 Standard metadata
 Efficient way to 

share metadata
 OAI-PMH

 Collect updates from 
around the world 
every 12 hours

 Share through 
search engine
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Are we being FAIR? 1/2
 To be Findable:

 F1. (meta)data are assigned a globally unique and persistent identifier
 F2. data are described with rich metadata (defined by R1 below)
 F3. metadata clearly and explicitly include the identifier of the data it 

describes
 F4. (meta)data are registered or indexed in a searchable resource

 To be Accessible:
 A1. (meta)data are retrievable by their identifier using a standardized 

communications protocol
 A1.1 the protocol is open, free, and universally implementable
 A1.2 the protocol allows for an authentication and authorization procedure, 

where necessary
 A2. metadata are accessible, even when the data are no longer available
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Are we being FAIR? 2/2
 To be Interoperable:

 I1. (meta)data use a formal, accessible, shared, and broadly 
applicable language for knowledge representation.

 I2. (meta)data use vocabularies that follow FAIR principles
 I3. (meta)data include qualified references to other (meta)data

 To be Reusable:
 R1. meta(data) are richly described with a plurality of accurate and 

relevant attributes
 R1.1. (meta)data are released with a clear and accessible data usage 

license
 R1.2. (meta)data are associated with detailed provenance
 R1.3. (meta)data meet domain-relevant community standards
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What Other Issues are There?
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Storing Data in the Cloud

 Cloud is a fancy name for Internet.
 Usually means data is stored in unspecified 

location far away and someone else will worry 
about it.
 No free lunch!
 Someone has to pay.
 Remote access means it is easier to access for 

people in other countries, but maybe slower for 
you?
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Copyright and IP

 Who owns the data?
 You?
 University?
 Data archive?

 What rules dictate how others may use it?

 Look at: Creative Commons licences



department of computer science

  

Data citation
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Data Stewards

 Who owns the data?
 You?
 University?
 Data archive?

 Who is responsible in the long term for 
managing the data?
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Long Term Preservation

 Besides everything else, what more needs to 
be done?
 Raise funding to manage data (remember data will 

only grow, never shrink).
 Migrate data and systems.

 Retire data.
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Costing Data Management

 How much will it cost:
 To acquire
 To store, backup
 To archive in a repository
 To migrate and preserve

 For: 
 a collection of 10MB of metadata and survey 

results?
 a collection of 1TB of images?
 a collection of 20TB of video?
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Be the cynic: Is there benefit to researchers?

 Do the established researchers do this?

 Do young researchers have the time?
 Or should we chase publication/promotion/fame 

instead of following new research methods?

 Is someone counting data/publication 
archiving?
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Be the cynic: Decolonising Archives

 Should we as Africans share?
 Is the move to Open Access the Western world 

trying to acquire our data?  Who benefits more?
 Should we use the same methods/tools?

 Does all this work for us just as easily?
 Local hosting of data?

 Why not store the data where our access is easiest?



  

that's all folks!
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