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Executive Summary
Through various cooperative investments and ventures involving post-secondary institutions, not for profit
organizations and virtually all levels of government, Canada has put in place many of the elements of a
well-functioning digital infrastructure ecosystem for research and innovation. While this has provided the
foundational platform for a large segment of the research community, it is equally clear that the
potential of data-intensive research is progressively and rapidly outstripping our ability to manage and to
grow the digital ecosystem required to meet 21st century needs.
Canada’s research funding agencies, the Social Sciences and Humanities Research Council (SSHRC), the
Natural Sciences and Engineering Research Council (NSERC), the Canadian Institutes of Health Research
(CIHR) and the Canada Foundation for Innovation (CFI)—collectively the TC3+, in collaboration with
Genome Canada—have joined forces to address this challenge. Through the attached consultation
document, they are proposing a collective realignment of agency funding policies regarding
management of data obtained through projects undertaken with agency funds. Specifically, the
following initiatives are proposed:
1. Establishing a Culture of Stewardship – The onset of the “data deluge” threatens to outpace
the evolution of a culture of data stewardship within the research community. To address this,
research funding agencies, research institutions and professional scientific associations—with
reference to existing data and best practices globally—should cooperate in the development of
clear policies and guidelines to bring attention to this important aspect of research culture and
promote the development of appropriate data management systems and capabilities. To this
end, in consultation with stakeholders and the research community, we propose that the TC3+
define the core elements of an agency-based and focused data stewardship plan.
2. Coordination of Stakeholder Engagement – The Canadian research environment is
characterized by a high degree of commitment to collaboration and cooperation, with
individuals and organizations combining forces to address long-term planning and initiate
“bottom-up” actions to shape the evolution of the digital landscape. These important actions,
which bring a richness of community engagement, would benefit from the development of a
coordinating mechanism to ensure enhanced alignment, helping to optimize returns on the
time invested by all parties. To encourage maximum contribution from key players, the TC3+
would work with other organizations and working groups to ensure ongoing consultation and
coordination with all stakeholders, including the provinces, in the development of Canada’s
national digital infrastructure ecosystem for research.
3. Developing Capacity and Future Funding Parameters – To help create a forward-looking
digital research environment, the parameters for the funding of coordinated national-scale
digital infrastructure should be re-examined. In particular, the balance of roles and
responsibilities among national, provincial and institutional stakeholders should be reassessed
to ensure both effective support and efficiency. For its part, the TC3+ proposes broad
collaboration in the development of a coordinated plan to encourage the establishment and
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sustained operation of a number of world-class centres specializing in data management and
supporting interrelated functions including but not limited to administration, operations, policy
and access; enhanced networks and infrastructure; skills development; and graduate and
researcher training.
The goals of such actions are threefold: 1) to encourage the collection and—in particular—sharing of
data among researchers, in keeping with the Government of Canada’s Open Government initiative
(www.data.gc.ca); 2) to encourage further development of an environment for digital scholarship in
Canada that provides for more effective coordination among the various stakeholder organizations; and
3) to help ensure that existing and future investments in digital infrastructure and training are
maximized to the benefit of Canadians.
The document is now being forwarded to stakeholder and research communities as part of a broad
consultation process informing future development of the proposed policy framework and associated
next steps.
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Capitalizing on Big Data: Toward a Policy Framework
for Advancing Digital Scholarship in Canada
Introduction
This document has been prepared jointly by the federal Tri-Council Agencies (the Social Sciences and
Humanities Research Council, the Natural Sciences and Engineering Research Council and the Canadian
Institutes for Health Research) and the Canada Foundation for Innovation (collectively referred to as the
TC3+), in collaboration with Genome Canada, and proposes changes to their funding policy frameworks
that promote excellence in data management practices, thereby advancing digital scholarship and
Canada’s digital infrastructure ecosystem to the benefit of Canadians. The specific proposals contained
herein (p. 11), respond to widespread changes associated with the rapid development of digital
scholarship globally and to their resulting impact on the research enterprise in this country. As part of a
national consultation process designed to inform their ultimate content, they are hereby presented to the
Canadian digital scholarship stakeholder and research communities for broad discussion and input.

The Changing Environment for Digital Scholarship
Canada currently finds itself in the midst of an information and communications revolution of
transformative social, economic and cultural impact, involving deep conceptual changes that have
been increasingly enabled, accelerated and influenced by dynamic new technologies. Significantly, this
revolution reflects both the technologies themselves and the massive amounts of information—data—
that these tools now capture and process, whether related to consumer behaviour, astronomical
observation or human health. Indeed, it is this vast increase in the flow of data, from a variety of
sources, which has come to represent a significant source of innovation and “disruption” in and of
itself.
“We all experience it: a rising tide of information, sweeping across
our professions, our families, our globe. We create it, transmit it,
store it, receive it, consume it—and then, often, reprocess it to
start the cycle all over again. It gives us power unprecedented in
human history to understand and control our world. But, equally, it
challenges our institutions, upsets our work habits and imposes
unpredictable stresses upon our lives and societies.”
The European Commission, 20101

As this transformation moves into an accelerated and expanded phase, the focus of data analysis is
rapidly shifting to embrace not simply technical development, but also new ways of thinking about
social, economic and cultural expression and behaviour. Indeed, innovative information and
communications technologies are enabling the transformation of the fabric of society itself, as data
becomes the new currency for research, education, government and commerce. As such, data are
rapidly becoming a torrent flowing into every area of the global economy, society and culture. 2 Recent
studies suggest that, fueled by enormous flows of data, we are in fact at a potential tipping point of a
tremendous wave of exploration, innovation, productivity and growth, as individuals, post-secondary
1
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institutions, companies, governments and organizations of all types begin to exploit its potential.
Further, the ability to capture, analyze and share vast amounts of data is fundamentally enabling new
research approaches and practices, such as bioinformatics and computational biology, creating what
Tony Hey from Microsoft Research has called the fourth paradigm of scientific exploration.3 This new
paradigm is also redefining the interrelationships between the traditional categories of post-secondary
teaching, research and service. Indeed, data are now, at one and the same time, research data,
learning data and innovation data. This shift also brings with it deep concerns related to issues such as
training, analytic capacity, accessibility, ethics, intellectual property and privacy.
As with all aspects of the information and communications revolution, the extent to which
technological development and data are successfully exploited to fuel economic activity and enhance
our society depends upon human decision-making. The way that we, as a country, choose to manage
our data will directly impact our ability to undertake leading-edge research and development in the
future and to benefit from that activity. Data and information do not respect borders, either on
campus or beyond; managing data is about much more than supporting research excellence. Digital
data are the raw materials of the knowledge economy, and are becoming increasingly important for all
areas of society, including industry. In their 2011 report on Big Data, McKinsey Global Institute pointed
out that, “Like other essential factors of production such as hard assets and human capital, it is
increasingly the case that much of modern economic activity, innovation and growth simply couldn't take
place without data”. The same may be said of the capacity to capture, manage and preserve it, or the
requisite training of personnel who can operate effectively in this milieu.
Canada now stands in direct competition with a host of other countries, including the United States,
European Union countries, Australia and other technologically advanced countries, in the race to develop
an effective strategy for harnessing the digital wave. A coordinated approach to policy formulation;
personnel training; development of infrastructure and analytical tools; and managing, conserving and
providing access to research data would help ensure that Canadians derive greater and more long-term
benefit, both socially and economically, from the extensive public investments that are made in
research. Such an approach would represent a logical extension of the Government of Canada’s Open
Government initiative (www.data.gc.ca), which already aims to make government-generated data widely
available.

“Although only a fraction of such data is intended or destined for publication
in journals, the potential utility of these separate, disconnected data stores
is profound. Any given tidbit of data produced by one researcher might
supply a missing puzzle piece to another—even one involved in seemingly
unrelated work. The ability to harness such data and apply it in new ways
and new directions holds the promise of substantially accelerating research
and innovation.”
Report from the Thomson Reuters Industry Forum, 20134
A
central,
emerging public policy question is then how to put data-intensive, computationally powerful modes of
discovery to use in both the public and private sectors to support jobs, productivity and economic
growth, stimulate innovation, and find new ways to address global challenges such as climate change,
3
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health-care delivery, poverty reduction, energy security or medical diagnostics and disease prevention.
At the same time, we must find ways of addressing the complex ethical, legal and social questions
raised by new forms of data collection, data mining and data sharing. This is particularly important as
smart phones, social networking and massive consumer and health service user databases allow us to
track and analyze human behaviour at the level of individuals.5
Although the challenges created by what Alex Pentland from MIT’s Media Lab has called a “data-driven
society” appear daunting, Canada is well placed to both take full advantage of the social and economic
potential of the data deluge, and discover new ways of ensuring confidentiality, privacy and the
protection of public interests. For example, recent reports have positioned information and
communications technology (ICT) as one of the largest public/private research enterprises in the
country in terms of output, and have indicated that the field of ICT accounts for 44 percent of
Canada’s patents. A sustainable world-class advanced digital infrastructure ecosystem is—without
question—one critical driving factor for economic success in this sector and potentially a range of
others.
Canada currently possesses the necessary components of digital infrastructure needed to support the
creation of such an ecosystem, including high performance computing, high performance networking,
data repositories, highly qualified personnel, and the related tools and services. However, the
organizations and service providers have lacked to date a single coherent and cohesive vision. Moving
to establish greater coordination and coherency will then have no other effect than to create a more
efficient and effective support system for data-driven research and technology development. Further,
it will reduce our productivity gap with respect to our competitors in the global marketplace,
accelerate the pace of innovation, and enable economic growth and wealth creation through all sectors
of the economy.

System Needs for Effective Digital Infrastructure
Today, one of the principal challenges associated with the new digital environment is related to both
infrastructure and management of volumes of data: how data are coded for preservation and access,
how they flow, how they are stored, made accessible and translated into knowledge. In many cases, we
are no longer data limited; rather we are “insight” limited. Indeed, the 2013 e-science conference in
São Paulo emphasized that the current key digital challenge is now “Turning Data into Insight.” For this
purpose, we need an advanced digital infrastructure ecosystem that supports the seamless access, use,
re-use and integrity of data, and to focus on establishing and operating the processes required to
collect, manage, analyze, interpret, share and archive big data. This ecosystem must integrate means
for researchers from all sectors to utilize the technology effectively since the human infrastructure is
as important as the technological. There also must be coherence, coordination and alignment across
the diverse elements of the digital infrastructure.
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There are various ways to characterize an advanced, robust digital infrastructure ecosystem. The
following principles help provide a reasonable starting point (adapted from the report of the 2012
Digital Infrastructure Summit):












Integration – all essential elements are integrated in a national system that avoids unnecessary
duplication, fragmentation and overlap of service; similarly avoiding unnecessary competition.
Inclusivity – dealing with all federal, provincial/territorial, regional, institutional stakeholders in
all sectors and research communities.
Sustainability – designed and supported in a way that enables evolution and adaptability, agility and
responsiveness to users, stakeholders and technology evolution.
Comprehensive – provides a full spectrum of service dealing with all parts of the evolving digital
infrastructure ecosystem (e.g., networks, computational facilities, tools and services, data
management, the framework conditions, people).
Accessible – maximum ease of access, regardless of location, discipline or level of expertise; a
“one-stop-shop” approach is desirable from a user’s perspective as opposed to having to negotiate
with many service providers.
Valued – stakeholders support the national system; user services are prioritized based on the value
stakeholders place on them, while being responsive to opportunities in the evolving ecosystem.
Governed – the national system has effective oversight, stakeholder engagement and alignment of
its component parts.
Agil – responsive to user needs, focused on rapid and efficient service delivery.
Ethical – supports and promotes the ethical use of data and enables freedom of inquiry.

The State of Canada’s Digital Infrastructure
Through various cooperative initiatives and investments among the federal government, the
provinces/territories, institutions and—in many cases—industry, Canada has put in place many of the
elements of a well-functioning advanced digital infrastructure for research and innovation. This in turn
provides the foundational platform for a large component of the research community. We can, in fact,
be proud of the world-class high bandwidth, low latency network across Canada (managed by CANARIE
and the Optical Regional Advanced Networks—ORANs) and the provision of pan-Canadian highperformance computing facilities and services by Compute Canada. And there is increasing attention
being paid to data management and personnel training by funders, institutions, researchers and
librarians. As yet, however, the potential of data-intensive research has outstripped our ability to
manage and to grow the broader digital infrastructure ecosystem required to meet 21stcentury needs.
At the moment, there are a large number of players and stakeholders inhabiting the digital landscape,
all of who need to be engaged in the ecosystem development process. These include:
The Funders
The federal Tri-Council funding agencies play a large role in the structuring and funding of digital
infrastructure and advanced training in Canada. The division of responsibility has evolved since the
formation of CFI in 1997 and Genome Canada in 2000. Over the past 15 years, CFI in particular has
gradually taken on the role of prime funder for computational resources that are above and beyond
those accessible from a project grant. Most importantly, it has also taken a lead in rationalizing highperformance computing services.
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Provinces (and potentially territories) are also key funders, in some cases through their funding
agencies and in others through line ministries—as is manifest through their operating support for postsecondary institutions, e-enabled health-care systems (including hospitals) and the ORANs. Matching
funding from institutions and the private sector constitutes another source of support for
infrastructure.
The Service Providers
The major service providers in Canada are CANARIE, the ORANs and Compute Canada. The roles of
CANARIE in providing a broadband low latency network and Compute Canada in developing
computational resources are well understood. CANARIE has recently taken over management of the
Canadian Access Federation—a trusted access management environment (single-identity access) for the
Canadian research and higher education communities.
There are also content service providers including: 1) the Canadian Research Knowledge Network
(CRKN); 2) the National Research Council of Canada, which manages DataCite (Canada's data
registration service); and 3) CASRAI, a standards organization that deals with research administration
data that is expected to include standards for metadata.
Additionally, there exist national domain-specific specialized research data management
infrastructures: 1) the Canadian Research Data Centre Network (CRDCN), which provides services, some
curation, and protected access to Statistics Canada data and is now expanding to include other
confidential datasets; 2) the Canadian Polar Data Network (CPDN), which is an outgrowth of the very
successful data management activity that was developed to support the International Polar Year (IPY);
and 3) the Canadian Astronomical Data Centre (CADC), which is an internationally connected trusted
repository for astronomy data collected through projects involving Canadian researchers.
Finally there are project-level research data-management infrastructures such as Ocean Networks
Canada and the Canadian Longitudinal Study on Aging.
Contributors/Beneficiaries
Clearly academic research institutions and their research communities are both contributors to and key
beneficiaries of a robust advanced digital infrastructure. Those institutions are variously represented in
their interest in this area by:
 Presidents, Vice-Presidents Research, and other senior administrators at post-secondary
institutions and hospitals;
 IT Units, Chief Information Officers (CIOs) and their national organization, the Canadian
University Council of CIOs (CUCCIO); and
 university libraries, Chief Librarians and their national organization, the Canadian Association
of Research Libraries (CARL).
Regional innovation systems are also beneficiaries through private sector use of CANARIE, and the
local/regional ORANS as well as access to the research and talent supported through the Tri-Council,
CFI and Genome Canada.
Collaborative Groups
Two groups have emerged from stakeholder concerns regarding the sustainability and future
development of Canada’s advanced digital infrastructure ecosystem. The first to emerge was the
Research Data Strategy Working Group (RDSWG), which morphed into Research Data Canada in 2012, a
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forum for stakeholders to work together to enhance research data stewardship. The second was the
Leadership Council for Digital Infrastructure, which is focusing on development of a national strategy to
renew and strengthen Canada’s advanced digital infrastructure ecosystem with data management,
sustainable funding and integrated planning identified as key areas to be addressed.

Toward Policy Development and the Establishment of Effective Framework
Conditions
Given the plethora of stakeholders and the complexity of the system, there is considerable room
currently for enhanced, pan-national strategic thinking and action on issues that are central to the
future health of Canada’s advanced digital infrastructure ecosystem. Indeed, through a relatively
limited number of initiatives, an environment could be fostered that can better guide and ensure the
continued development of forefront research and scholarship that would be of use to both the public
private sectors.
In response, what the TC3+ is proposing in this document is not yet another agency or organization to
oversee the broad array of assets and services now in the digital infrastructure domain. Rather, we are
suggesting a realignment of agency funding policies, primarily by fostering greater clarity and overall
coordination with respect to role of the federal Tri-Council funding agencies and the CFI in their
support of digital scholarship across all research fields. This in turn, we believe, will provide an initial
but critical step toward the creation of an environment for digital scholarship and training in Canada that
provides clarity and effective coordination for the various stakeholder organizations—including other
funders, service providers and research performers—to ensure that their objectives and efforts contribute
optimally to specific definable goals and objectives related to Canada’s digital infrastructure ecosystem.
In pursuit of this objective and in order to enhance traction toward a robust and sustainable digital
infrastructure ecosystem for Canada, the following set of proposed actions is presented by the TriCouncil and the CFI for discussion and input from stakeholders and the broader research community.
1. Establishing a Culture of Stewardship – The onset of the “data deluge” threatens to out-pace
the evolution of a culture of data stewardship within the research community. To address this
situation, research funding agencies, research institutions and professional scientific
associations, with reference to existing data and best practices globally, should cooperate in
the development of clear policies and guidelines to give profile to this important aspect of
research culture and promote the development of appropriate data management systems and
capabilities. To this end, we propose that the TC3+ define the core elements of an agencybased and focused data stewardship plan. The elements of this plan could potentially include:
a. a requirement that all grant applications include specific data management plans
including identified costs of data collection/analysis and preservation of results and
associated datasets;
b. definition of those specific elements of data plans that will be considered by reviewers
in the assessment of funding applications;
c. guidelines indicating which data must be preserved and in what formats;
d. consolidated open access policies and guidelines (in concert with work already initiated
by the TC3+);
e. guidelines for researchers in selecting suitable data repositories;
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f.

recognition of data repositories across Canada that meet global standards for such
facilities; and
g. guidelines for ensuring informed consent for data use and protection of privacy and
confidentiality.
2. Coordination of Stakeholder Engagement – The Canadian research environment is
characterized by a high degree of commitment to collaboration and cooperation, with
individuals and organizations combining forces to address long-term planning and initiate
“bottom-up” actions to shape the evolution of the digital landscape. These important actions,
which bring a richness of community engagement, would benefit from development of a
coordinating mechanism to ensure enhanced alignment to optimize returns on the investment
of time by all parties. To help ensure the maximum contribution of key players, the TC3+
would work with other organizations and working groups to ensure ongoing consultation and
coordination with all stakeholders, including the provinces, in the development of Canada’s
national digital infrastructure for research.
3. Developing Capacity and Future Funding Parameters – To help create a forward-looking
digital research environment, the parameters for the funding of coordinated national scale
infrastructure should be re-examined. In particular, the balance of roles and responsibilities
among national, provincial and institutional stakeholders should be reassessed to ensure both
effective support and efficiency. For its part, TC3+ would collaborate in the development of a
coordinated plan to encourage the establishment of new and/or the enhancement and
sustained operation of existing world-class centres specializing in data management,
supporting:
a. best practices in administration, operations, policy and access;
b. enhanced networks and infrastructure, as well as support for enhanced research on; for
example:
i. identifying further gaps and proposed solutions in the development of
Canada’s digital scholarship infrastructure, technology and services;
ii. identifying best practices globally in data management;
iii. aligning and incorporating inclusion of other prospective partners in digital
scholarship and data management, with a specific focus on private sector
participation; and
iv. establishing the best means for international collaboration in data
management;
c. skills development and graduate and researcher training.
These steps put forward by TC3+ are proposed to accelerate the overall move toward a coordinated
and effective approach in which a shared, common understanding informs action by the various
contributors to the digital landscape in Canada. This in turn will produce specific concrete results,
including increases in both the volume of research data available for public and private sector access
and in the development of talent that will help make best use of the ecosystem. Overall, our hope is
that by arriving at an agreed-upon articulation of the key features of a robust and sustainable digital
infrastructure ecosystem and by explicitly coordinating the diverse and multiple steps forward needed
to move toward this ecosystem, Canada can quickly advance as a global leader in building prosperous,
resilient and just societies in the Digital Age.
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Appendix 1: The Components of the Digital Infrastructure Ecosystem












The framework conditions – the policies and legal framework within which digital research is
undertaken; the means of coordination and alignment of various components of the digital
research environment; the suitability of funding systems and reward systems for pursuit of eresearch; the capacity of Canada to deal with other international players in digital research.
Expertise and skills (as an input) – the sufficiency and quality of skilled personnel, both
generic and domain specific, for effective use of the components of the e-infrastructure.
Tools and services – the software, applications and human support services that enable
researchers to derive value from their data and to optimize the use of the research instruments
and systems.
Research data and research data management infrastructure(RDMI) – both data as
infrastructure and systems for managing data—the collection, structuring, standardizing,
archiving, curating and sharing of with system characteristics of flexibility, security,
accessibility, interoperability, affordability, open access and high performance.
Computational facilities, tools and services – hardware and associated software resources that
enable both compute-intensive and data-intensive research, as well as the services and tools
that enable value to be derived from the facilities. This includes both Cloud and Grid
computing.
Networks and tools and services – means of connecting researchers to data sources and
transporting data among different locations.
Collaboration infrastructure and tools – means of connecting researchers to researchers and
partners in multi-sectoral research initiatives that are geographically dispersed and/or are
utilizing common datasets and tools.
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Appendix 2: Stakeholders and Landscape Map
Brief descriptions follow of the various organizations and working groups active in promoting and
supporting digital scholarship and the cyber-infrastructure underpinning in Canada.
Research Data Canada (RDC)
 What – A stakeholder-driven and supported national body dedicated to advancing the vision for
research data in Canada.
 Who – A variety of stakeholder organizations, all with an interest and role to play in ensuring
that the infrastructure, processes and support are in place to realize the vision for research
data in Canada. This includes CUCCIO, Compute Canada, CANARIE, CARL, CFI, CIHR, NSERC,
SSHRC, CASRAI, NRC, TB, IPY, LAC and CODATA.
 Mandate – To develop strategy, facilitate communication and partnerships among data
initiatives, promote education and training in data skills, measure progress in implementing
the vision, bring attention to gaps, and act as a single point of contact for Canada in
international data initiatives (self-generated mandate).
 Functions – Its activities focus on five areas: policies, infrastructure, standards and
interoperability, education and training, and international liaison. RDC does not plan to own or
operate infrastructure.
 Intersects/interfaces – May be somewhat different from the Digital Infrastructure Leadership
Council in that it focuses on issues related to research data and data lifecycle management.
However, there does appear to be some overlap between the two in focus and participation.
 Recent actions – The inaugural RDC meeting was held in January 2013. RDC‘s priorities for
2013 are to:
— launch Research Data Canada as the multi-stakeholder/volunteer-driven organization
that will drive efforts forward to ensure that the full value of Canada’s research data
is realized;
— encourage broad membership for Research Data Canada to reflect fully the diversity
of stakeholders with an interest in research data;
— advance the work of the RDC Committees: Infrastructure, Education and Training,
Policy, Standards and Interoperability, and International Liaison;
— host Webinar series on data management – Canadian and international speakers,
range of topics, audiences;
— co-sponsor data stream in CASRAI Big Data Reconnect conference October 2013 and
coordinate a pre-conference Data Centres workshop;
— continue international liaison with Research Data Alliance, Global Research Data
Infrastructure, DataCite Federation and other initiatives;
— establish a national advisory council of senior representatives from industry, the
academy, government research labs, funding agencies and policymakers to provide
counsel to Research Data Canada; and
— initiate a national online consultation process to take the results of the 2011
Canadian Research Data Summit to a broader set of stakeholders across the country.
 History:
— Took over from the Research Data Strategy Working Group (RDSWG) in 2012; originally
formed to survey and identify the challenges and issues surrounding access to, and
preservation of, data arising from Canadian research;
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— The RDSWG organized the September 2011 Canadian Research Data Summit: Mapping
the Data Landscape;
— The final report of the Summit proposed a National Strategy for Research Data in
Canada, including a vision statement, high-level goals and a framework for action with
broad timelines and distribution of tasks across major stakeholder communities; and
— Also conducted a gap analysis for Canada:
http://publications.gc.ca/collections/collection_2009/cnrc-nrc/NR16-123-2008E.pdf
 The RDSWG transferred its activities to Research Data Canada in December 2012.
Leadership Council for Digital Infrastructure
 What – A stakeholder-driven and supported national initiative dedicated to developing a
national strategy to renew and strengthen our current advanced digital infrastructure for
research, innovation and education in Canada.
 Who – A cross-sector group co-chaired by Jay Black, SFU and CUCCIO, and Steven Liss, Vice
Principal Research, Queen's University, with membership including: CRKN, CUCCIO, Compute
Canada, CANARIE, CARL, CFI, NRC, Industry Canada, CIHR, NSERC, SSHRC and CASRAI.
 Mandate – To build on the work accomplished at the Summit, develop plans for first initiatives,
and put in place the mechanism to ensure continued engagement of the many stakeholders.
 Functions and priorities – Conduct a gap analysis, develop a roadmap to address the gaps and
convene a follow-up to the 2012 Summit.
 Intersects/interfaces – Different from Research Data Canada in that its focus is to provide an
overarching view and the required mechanism(s) to support an integrated and sustainable
approach to Canada’s advanced digital infrastructure eco-system.
 Recent actions – Were a result of the CUCCIO-hosted Digital Infrastructure Summit 2012 in
Saskatoon.
Canadian Association of Research Libraries (CARL)
 What – The leadership organization for the Canadian research library community.
 Who – Members are Canada’s 31 large research libraries.
 Mandate – Provides leadership on behalf of Canada’s research libraries and enhances their
capacity to advance research and higher education. It promotes effective and sustainable
scholarly communication, and public policy that enables broad access to scholarly information.
 Functions and priorities – Its 2013-2016 Strategic Directions include the following points:
— facilitate collaborations to share and preserve Canada’s research collections;
— coordinate research data management initiatives; and
— promote open access and new forms of scholarly communication.
 Recent actions related to digital scholarship:
— CARL led the development of a concept of a distributed network of data repositories,
which was to inform a 2012 proposal for CFI funding; ultimately, a formal proposal was
not submitted to CFI as the LEF-NIF was not an ideal CFI program for it.
— Along with CRKN, CARL published in October 2012 a report emphasizing the potential
role(s) for academic libraries in implementing an open access policy on research
publications.
— In January 2013, CARL held a four-day “Introduction to Research Data Management”
course for librarians; about 60 individuals enrolled from 30 universities; these
participants have continued to confer as an online “community of practice.”
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—



CARL has worked to facilitate the development of open access digital repositories at
(by now) all member libraries; most CARL member libraries are developing local
research data management services for researchers.
— CARL has advocated for federal government support for national research data
management infrastructure; it has developed web content, conference presentations,
workshops and articles on both open access and research data management.
— CARL is working with CASRAI and Research Data Canada to produce CASRAI’s 2013 Big
Data conference.
— CARL has created a Data Management Subcommittee headed by its VicePresident/President-Elect (Martha Whitehead, Queen’s University) that is proposing
the formation of a national collaborative network of local/regional/other initiatives
for collecting, preserving and providing access to research data produced in Canada.
Intersects/interfaces – Both CRKN and Canadiana.org (Canada’s premier organization for the
digitization of Canadian historical documentation and the exposure of Canadian digital
documentary collections) had their origins as CARL initiatives; CARL collaborates closely with
them. CARL is a supporting member of Research Data Canada and the Leadership Council for
Digital Infrastructure. CARL is the major Canadian association member of SPARC (the
Scholarly Publishing and Academic Resources Coalition) and COAR (the Coalition of Open
Access Repositories), both of which promote and support open access and repositories
internationally. Locally, CARL member library directors work in consultation with CUCCIO
member CIOs in the context of various digital services.

Ontario Council of University Libraries (OCUL)
 What – A library consortium
 Who – Ontario’s 21 university libraries
 Mandate – To enhance information services in Ontario and beyond through collective
purchasing and shared digital information infrastructure, collaborative planning, advocacy,
assessment, research, partnerships, communications and professional development.
 Functions – Provide access to a diversity of learning and research materials, and ensure their
preservation through sustainable and responsible stewardship; lead in the development of
partnerships to expand Canada’s digital research infrastructure; operate Scholars Portal;
encourage the advancement of access to electronic data resources including those provided
under the Data Liberation Initiative (DLI); expand access to maps, geospatial data and other
cartographically related resources, both print and digital.
 Recent activities – Scholars Portal has received certification as the first Trustworthy Digital
Repository in Canada. This certification, the only generally recognized certification for digital
archives, was issued by the Center for Research Libraries (CRL).
Canadian University Council of Chief Information Officers (CUCCIO)
 What – CUCCIO is a non-profit, member-funded association of Canada’s higher education
information technology leaders, working together to help Canadian universities excel through
the innovative and effective use of IT.
 Who – Composed of the chief information officers (CIO) from more than 50 universities Canadawide.
 Strategic priorities/mandate (from Strategic Plan):
— foster best practices in information technology management in Canadian universities;
— identify, incubate and sponsor collaborative sector-wide services;
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—

develop and deliver programs and services to support the professional development of
IT staff; and
— develop and maintain relationships with governments, government agencies,
corporations and other groups of interest to higher education in order to advance the
shared interests of Canadian universities.
 Recent actions related to digital scholarship:
— Convened the Digital Infrastructure Summit 2012 to:
 establish a vision for a comprehensive, integrated and sustainable digital
infrastructure in support of research, education and innovation in Canada;
 develop a specific action plan, with milestones; and
 secure commitments from stakeholders with regards to realizing the plan.
— Emanating from the Summit, it created a cross-sector group, the Leadership Council for
Digital Infrastructure, to build on the work accomplished at the Summit (above).
— Plans are underway for a follow-up to Summit 2012.
 Intersects/interfaces – The work of the Council will intersect with the strategic and
operational plans of Compute Canada, CANARIE and Research Data Canada from the
perspective of the digital infrastructure overall and to facilitate as possible integration and
coordination of the various components.
Compute Canada
 What – An incorporated NFP organization that provides Canada’s national platform of High
Performance Computing (HPC) resources. A new President and Board are in place effective late
2012.
 Who – Members are 29 Canadian universities. Membership is available to any university or
college in Canada that has one or more researchers using an advanced computing system,
through access provided by Compute Canada. Compute Canada assigns services on a panCanadian basis, using regional nodes:
— Compute West – WestGrid
— Compute Ontario – HPCL, SciNet, SHARCNet
— Calcul Quebec – formerly RQCHP and CLUMEQ
— Compute Atlantic – ACENet
 Functions – Compute Canada delivers its services through HPC systems managed by
regional consortia at different locations across Canada and utilizing the CANARIE
broadband network.
 Mandate – To promote and support the shared use of advanced computing resources designed
to keep Canada competitive in research and innovation. It is not, however, a policy-making
body or a standards organization.
 Assets – The Compute Canada platform includes computing capability, online and long-term
storage, connection to the CANARIE network, and user support services. It is primarily oriented
toward larger computation systems used in simulation and computational intensive research.
 Funding – Capital assets funded in part by CFI. Institutions also a player. Also in receipt of significant
support for operating and maintenance from the CFI MSI Fund.
 Recent and current actions:
— Recent unsuccessful proposal to CFI (LEF-NIF competition) to address the needs of the
medical and SS&H communities for:
 “big data” systems; i.e., systems with high “storage to processing” ratios (far
beyond the current Compute Canada offering) and high throughput; and
 secure data processing environments (e.g., for confidential data).
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— Issue at the time was more capacity than direction (which was deemed good).
— Development of a strategic plan for the organization through 2013.
Intersects/interfaces – Provinces, CANARIE, RDC, Leadership Council, private sector.

CANARIE
 What – CANARIE supports research and education through the delivery of advanced digital
infrastructure. Manages and evolves one of the world’s largest and fastest research and
education networks, in partnership with provincial and territorial networks (ORANs).
 Who – A not-for-profit corporation funded primarily through the federal government, with
additional funding from membership revenues and fees for services.
 Mandate – to design and deliver digital infrastructure, and drive its adoption for Canada’s
research, education and innovation.
 Functions – manages an ultra-high-speed national backbone network that connects provincial
and territorial networks to each other and to 100 international networks. The provincial and
territorial networks connect directly to universities, research centers, government labs,
hospitals and other scientific facilities within their jurisdictions, and to CANARIE’s national
backbone and global research and education networks. The partnership of CANARIE and the
ORANs enables researchers, educators and innovators to move, share and analyze data and
access specialized tools and resources. CANARIE also supports the development of software to
support research collaboration and access to widely distributed data and tools. CANARIE spurs
research and innovation in the private sector by offering small and medium-sized businesses
access to a cloud-based testbed to accelerate product development timelines and reduce costs.
 Objectives for the period April 1, 2012 to March 31, 2015 are:
— Network Operations – Operation and evolution of the CANARIE network as essential
research infrastructure; extending the "owned" portions of the network to provide greater
flexibility and lower costs for delivering greater bandwidth, including network-based
services, which currently include:
 Canadian Access Federation (CAF);
 Content Delivery Service (CDS); and
 managing the Network Alliance Infrastructure and Network Alliance Development
programs to strengthen the pan-Canadian network and enhance the visibility of this
essential digital infrastructure.
— Technology Innovation – Develop, demonstrate and implement next-generation
technologies to advance the CANARIE network as a leading-edge research network—
including new software tools, comprising a toolkit of reusable services. Two programs
support this objective:
Research Platform Interfaces (RPI) – Leverages services from the previous NetworkEnabled Platforms (NEP) program by creating a collection of platform services (RPIs)
from existing NEPs to be used by multiple research platforms; and
 Network-Enabled Platforms (NEP) – The development of sophisticated software
platforms that enable researchers to easily collaborate and access research data and
tools.
Private Sector Innovation – Leveraging the CANARIE network to assist firms operating in
Canada, and Canadian universities, to advance innovation and commercialization of
products and services to bolster Canada’s technology innovation capabilities. CANARIE’s
DAIR (Digital Accelerator for Innovation and Research) program offers a cloud-computing
testbed for small and medium-sized enterprises to accelerate product development,
reduce costs and realize the scale and agility benefits of cloud technologies.


—
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ORANs
 What – Optical Regional Advanced Networks (ORANs)
 Who – 12 regional networks:
— East – ACORN-NL, ACORN-NS, New Brunswick Advanced Network, Prince Edward Island
Advanced Network;
— Quebec – RISQ;
— Ontario – ORION;
— West – BCNet, Cybera, SRnet, MRnet; and
— Territories – Aurora College, Yukon College.
 Mandate – To support the operation and development of advanced networks and services at the
regional level in support of research and innovation.
 Intersects/interfaces – The ORANs provide connectivity of the regional high-speed network to
the national backbone provided by CANARIE.
Canadian Access Federation
 What – A trusted access management environment (single-identity access) for Canadian
research and higher education communities.
 Who – Developed by CUCCIO with operational responsibility transferred to CANARIE in 2012.
 Mandate – To make sharing protected resources easier, safer and more scalable by:
— enabling staff, students and faculty to access wireless networks and web-based
resources using their home organization credentials when they are visiting other
organizations;
— allowing participants to participate in a cost-effective, privacy-preserving approach to
access management;
— helping to ensure the privacy of personal information by eliminating the need for
researchers, students and educators to maintain multiple, password-protected
accounts; and
— enabling organizations to better manage access to their resources based on a user's status
and privileges as presented by the user's home organization.
Canadian Research Knowledge Network (CRKN)
 What – An organization of Canadian universities dedicated to expanding digital content for the
academic research enterprise in Canada.
 Who – An incorporated NFP organization that is a partnership of 75 Canadian universities.
University libraries are the drivers of CRKN’s initiatives, and play a primary role in leveraging
expertise and resources for the benefit of Canada’s scholarly research community.
 Mandate – To undertake large-scale content acquisition and licensing initiatives in order to
build knowledge infrastructure and research capacity in Canada’s universities and to provide
equitable and cost-effective access to scholarly content for universities nationwide.
 Recent activities – CRKN’s current draft strategic plan identifies a role for the organization in
supporting and coordinating vertical integration of all types of research data and digital
scholarship nationally.
 Intersects/interfaces – Involves all of the AUCC libraries including the members of CARL plus
approximately 40 others. CRKN has worked with CUCCIO to develop the Canadian Access
Federation, and collaborates with regional academic library consortia including COPPUL, OCUL,
CREPUQ and CAUL. CRKN represents Canada on the SCOAP3 Open Access initiative.
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NRC – CISTI (Canadian Institute for Scientific and Technical Information)
 What – Canada’s national science library.
 Who – CISTI is a division of NRC.
 Mandate – Undergoing a major transformation from science journal publisher/library to an
electronic library service provider.
 Recent activities:
— CISTI is currently building a mirror site for the NIH PubMed Central. Funded by CIHR,
this site will provide Canadian researchers with access to American publications in
PubMed Central and provide a portal for the deposit of Canadian journal articles. The
portal will allow CIHR to eventually develop a fully mandatory open access policy.
 Intersects/interfaces – CISTI has also acted as host and administrator for various data and open
access working groups, including the new body, Research Data Canada—activities that have
linked it with the funding agencies, CARL, CASRAI, the CRDCN, etc.
CASRAI
 What – A not-for-profit standards development organization focusing on research
administration data. The Board represents the diversity of stakeholders.
 Who – A community of research organizations (funders—federal and provincial, institutions,
implementers) collaborating to evolve the standard dictionary of research terminology and to
advance the standard platform for research interoperability. Representatives from participating
organizations sit on a number of committees, review circles and advisory councils. There are
international mirrors of CASRAI Canada developing though the leadership of CASRAI.
 Mandate – To provide a forum and the mechanisms required to standardize the data that
researchers, their institutions and their funders must produce, store, exchange and process
throughout the life-cycle of research activity.
 Priorities – To advance those semantic standards that will facilitate effective operation in the
digital business environment.
 Intersects/interfaces – Participates in the Leadership Council and the RDC.
Canadian Research Data Centre Network (CRDCN)
 What – The Network acts as a pan-Canadian forum and structure to give Canada’s research
community access to social and population health statistics and help provide evidence for
effective public policy and planning. CRDCN oversees a pan-Canadian array of Research Data
Centres (RDCs). An RDC is a university-based laboratory, staffed by a Statistics Canada Analyst,
that offers researchers on-site services for:
— Secure access to confidential micro-data – Statistics Canada census and surveys, plus
a growing range of administrative data; prospects of datasets from other federal
departments.
— What they need to analyze the data – Fully-equipped workstations, statistical
software and technical support
 Who – 45 academic institutions and Statistics Canada form the core membership of the
Network.
 Mandate:
— To improve data access by giving researchers across the country access, free-ofcharge, to detailed micro-data from an increasing range of survey, census and
administrative data.
— To expand the pool of skilled quantitative researchers in Canada and train the next
generation of researchers.
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To make research count by improving communication between social scientists and
the potential users of the knowledge they create.
Intersects/interfaces – Statistics Canada, CANARIE, the ORANs, NRC-CISTI, various social and
health policy federal departments and agencies.

Canadian Polar Data Network
 What – A Canadian network and standards-based organization that grew out of the data centre
for the International Polar Year.
 Who – A partnership of the University of Alberta Libraries, University of Waterloo Canadian
Cryospheric Information Network, OCUL Scholars Portal, Fisheries and Oceans Canada –
Integrated Science Data Management, and NRC-CISTI.
 Mandate – To provide a sustainable research data management infrastructure, encompassing
preservation and access, for polar (Arctic and Antarctic) science research and monitoring
initiated from and taking place in Canada.
 Intersects/interfaces – Those government departments and agencies that have been
designated by federal legislative documents (for example, the Oceans Act) to collect data for
the purpose of understanding the environment and its living resources and ecosystems.
 Priorities – Data in scope but outside the Government data archival divisions will be a priority
for the CPDN.
Canadian Astronomy Data Centre (CADC)
 What – One of the principal data archiving and data mining facilities worldwide for
astronomical data.
 Who – A division of NRC.
 Mandate – Management, curation, preservation and access of all data for projects in which
Canadian astronomers are involved (primarily academic).
 Intersects – The international astronomical community; the Canadian Space Agency.
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Appendix 4: Definitions
What
Data

Big data

Research data

Metadata

Open data
Semantic data
Curation

Archiving

Definition

Source

Qualitative or quantitative statements or
numbers that are (or assumed to be) factual.
Data may be raw or primary data (e.g., direct
from measurement), or derivative of primary
data, but are not yet the product of analysis or
interpretation other than calculation.
“Big data” refers to datasets whose size is
beyond the ability of typical database software
tools to capture, store, manage and analyze. This
definition assumes that as technology advances
over time, the size of datasets that qualify as big
data will increase. Also the definition can vary by
sector, depending on what kinds of software tools
are commonly available and what sizes of
datasets are common in a particular industry.
With those caveats, big data in many sectors
today will range from a few dozen terabytes to
multiple petabytes (thousands of terabytes).
The factual records used as primary sources for
research and that are commonly accepted in the
research community as necessary to validate
research findings.
Metadata—“data about data”—contains
information about a dataset. This may state why
and how it was generated, who created it and
when. It may also be technical, describing its
structure, licensing terms and standards it
conforms to.
Open data is data that meets the criteria of
intelligent openness. Data must be accessible,
useable, assessable and intelligible.
Data that are tagged with particular metadata
that can be used to derive relationships between
data.
The activity of managing and promoting the use
of data from its point of creation to ensure it is
fit for contemporary purpose and available for
discovery and re-use. For dynamic datasets this
may mean continuous enrichment or updating to
keep it fit for purpose. Higher levels of curation
will also involve maintaining links with annotation
and with other published materials.

Science as an Open Enterprise

A curation activity that ensures that data is
properly selected stored and can be accessed and
that its logical and physical integrity is
maintained over time, including security and
authenticity.

JISC e-Science Curation Report

McKinsey Global Institute - Big
data: The next frontier for
innovation, competition, and
productivity

Mapping the Data Landscape
2011 Summit
Science as an Open Enterprise

Science as an Open Enterprise
Science as an Open Enterprise
JISC e-Science Curation Report
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Preservation

Data
management
Data
stewardship

Research Data
Management
Infrastructure
(RDMI)

Data
management
plan
Data policy

Data
interoperability
Dataset
Metadata (1)

Metadata (2)

An activity within archiving in which specific
items of data are maintained over time so that
they can still be accessed and understood
through changes in technology.
A process involving a broad range of activities for
handling data, from administrative to technical
aspects.
An organizational plan of the roles and
responsibilities of those overseeing the
management of data across all stages of the data
lifecycle, including its preservation. A large
research project may involve several data
stewards as the data moves from stage to stage
across the lifecycle, while data stewardship in a
small project may fall primarily upon the
principal investigator and the organization taking
responsibility for the preservation of the data.
RDMI is the configuration of staff, services and
tools assembled to support data management
across the research lifecycle and more
specifically to provide comprehensive coverage of
the stages making up the data lifecycle. It can be
organized locally and/or globally to support
research data activities across the research
lifecycle.
A formal document that outlines how a
researcher or research project will handle their
data both during their research and after the
project is completed.
A set of high-level principles that establish a
guiding framework for data management. A data
policy can be used to address strategic aspects
such as data access, relevant legal matters, data
stewardship issues and custodial duties, data
acquisition and other issues.
The structuring of data in such a way that diverse
datasets can be integrated.
Any organized collection of data.
Metadata is descriptive or contextual information
which refers to or is associated with another
object or resource. This usually takes the form of
a structured set of elements that describe the
information resource and assist in the
identification, location and retrieval of it by
users, while facilitating content and access
management.
Metadata is data about data… More generally,
information consists of semantic tags applied to
data. Metadata consists of semantically tagged
data that are used to describe data. Metadata
can be organized in a schema and implemented
as attributes in a database.

JISC e-Science Curation Report

Mapping the Data Landscape
2011 Summit
Mapping the Data Landscape
2011 Summit

Blog. Humphrey, Chuck

Mapping the Data Landscape
2011 Summit
Mapping the Data Landscape
2011 Summit

Mapping the Data Landscape
2011 Summit
Mapping the Data Landscape
2011 Summit
Data Curation Centre Website,
UK

Hey and Trefethen: The Data
Deluge
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Descriptive
metadata

Technical

metadata
Administrative
metadata

Use metadata 
Preservation
metadata
Grid

e-Science (1)

e-Science (2)

e-Science (3)



Enables identification, location and retrieval
of information resources by users, often
including the use of controlled vocabularies
for classification and indexing and links to
related resources.
Describes the technical processes used to
produce, or required to use a digital object.
 Used to manage administrative aspects of the
digital object such as intellectual property
rights and acquisition. Administrative
metadata also documents information
concerning the creation, alteration and
version control of the metadata itself. This is
sometimes known as meta-metadata.
Manages user access, user tracking and multiversioning information.
Documents actions that have been undertaken to
preserve a digital resource such as migrations and
checksum calculations.
Any distributed infrastructure that is federated to
combine resources from multiple organizations
managed by different administrative domains.
The Grid aims to coordinate the sharing of
resources in a dynamic and multi-institutional
setting to provide additional functionality beyond
its constituent parts: brokering, workflow
coordination, integration of computing and
storage. In order for this to happen,
interoperability and standards need to be defined
at various levels: for resource access, for
coordination and business logic, for data storage
and management, for network access and so
forth.
The term e-Science is used to represent the
increasingly global collaborations—of people and
of shared resources—that will be needed to solve
the new problems of science and engineering.
Computationally intensive science that is carried
out in highly distributed network environments,
or science that uses immense datasets that
require grid computing; the term sometimes
includes technologies that enable distributed
collaboration, such as the Access Grid.
E-Science is not a new scientific discipline in its
own right: e-Science is shorthand for the set of
tools and technologies required to support
collaborative, networked science. The entire eScience infrastructure is intended to empower
scientists to do their research in faster, better
and different ways.

Data Curation Centre Website,
UK

Data Curation Centre Website,
UK
Data Curation Centre Website,
UK

Data Curation Centre Website,
UK
Data Curation Centre Website,
UK
European Commission,
Advancing Technologies and
Federating Communities

Hey and Trefethen: The Data
Deluge
Wikipedia

Hey, Tony, and Jessie Hey. “eScience and Its Implications for
the Library Community.”
Library Hi Tech 24, no. 4
(2006): 515–28.
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Digital
scholarship

Cyberinfrastructure

e-Research
infrastructure

Cyberinfrastructure

Cloud computing

Incorporates:
 building a digital collection of information for
further study and analysis;
 creating appropriate tools for collectionbuilding;
 creating appropriate tools for the analysis
and study of collections;
 using digital collections and analytical tools
to generate new intellectual products; and
 creating authoring tools for these new
intellectual products, either in traditional
forms or in digital form.

Grids of computational centres

Comprehensive libraries of digital objects

Well-curated collections of scientific data

Online instruments and vast sensor arrays

Convenient software toolkits
Comprises the ICT assets, facilities and services
that support research within institutions and
across national innovation systems, and that
enable researchers to undertake excellent
research and deliver innovation outcomes.
Those layers that sit between base technology (a
computer science concern) and discipline-specific
science. The focus is on value-added systems and
services that can be widely shared across
scientific domains, both supporting and enabling
large increases in multi- and interdisciplinary
science while reducing duplication of effort and
resources—e.g., including hardware, software,
personnel, services and organizations.
A large-scale distributed computing paradigm
that is driven by economies of scale, in which a
pool of abstracted, virtualized, dynamicallyscalable, managed computing power, storage,
platforms and services are delivered on demand
to external customers over the Internet.
Key elements:
 it is a specialized distributed computing
paradigm;
 it is massively scalable;
 it can be encapsulated as an abstract entity
that delivers different levels of services to
customers outside the Cloud;
 it is driven by economies of scale; and
 the services can be dynamically configured
(via virtualization or other approaches) and
delivered on demand.
Effectively it provides access to powerful
computing capabilities without investing in new
infrastructure, training new personnel or
licensing new software.

Our Cultural Commonwealth

In Our Cultural Commonwealth
referring to the Aitkins Report
(UK 2003)

Rys Francis Presentation

Aitkins Report

GRDI 2020
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Scientific data
infrastructure

Workflows

Data file
formats

What is required to enable researchers to create,
store and share the data resulting from their
experiments, and to find, access and process the
data they need

raw data collected, produced during
experiments, surveys or observations of
different phenomena (according to an initial
research model); the data is consequently
analyzed and the findings published. A
preservation process is needed during all
these stages;

structured data and datasets resulting from
data filtering and processing (supporting
some particular formal model);

published data organized in a way to support
a scientific theory and/or research results;
and

data publishing to support research
consolidation, integration, and openness.
A workflow is a precise description of a scientific
procedure—multi-step processes to coordinate
multiple tasks, acting like a sophisticated script.
Each task represents the execution of a
computational process. Data output from one
task is consumed by subsequent tasks according
to a predefined graph topology that
“orchestrates” the flow of data.
Preferred formats are formats designated by a
data repository for which it guarantees that they
can be converted into data formats that will
remain readable and usable. Usually, these are
the de facto standards employed by that
particular community.

European Commission,
Advancing Technologies and
Federating Communities

Hey: The Fourth Paradigm.
Goble and de Roure. p. 138.

Quoted in Policy-making for
Research Data in Repositories: A
Guide 2009

30

