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Executive Summary 

New digital technologies are transforming the practice of science. Science is now 
increasingly computational, data‐intensive, and collaborative because digital technologies 
provide new ways for scientists to both create scientific information, and to communicate, 
replicate, and reuse scientific knowledge and data. These same technologies are creating 
important opportunities for international funding agencies to promote scientific 
collaboration and to foster the replication and reuse of scientific information. 

The U.S. National Science Foundation (NSF) held a workshop titled “Changing the Conduct 
of Science in the Information Age” on November 12, 2010, to promote international 
cooperation in such policy areas as the promotion of data access, the development of 
technical solutions for open data platforms, and attribution for research contributions. This 
report describes the discussions, findings, and suggestions generated by the distinguished 
group of international workshop participants. 

Participants identified a number of key findings with respect to data access. They noted 
that the primary social barriers to data access include insufficient intellectual property 
rights, the difficulty of documenting data for reuse, and problems associated with 
protecting confidentiality and privacy. They also noted that a host of technical issues must 
be addressed, including data control, security, long‐term preservation, and stewardship. 
Participants agreed that scientific information should be broadly defined to include both 
data and code, and that knowledge sharing encompasses a variety of modes and methods. 
They noted that scientific attribution is critical to establishing trust in the research 
community and thus promoting knowledge access. 

Workshop participants outlined a vision for the future that includes a framework for 
openness and international standards for data and knowledge; reliable and unique 
identifiers for individual researchers, organizations, and publications to create linkages 
between publications and their appropriate data; continuous investment for data 
preservation and access; and formal and informal training of students, researchers, and 
funding agency personnel. 

There was a strong consensus that this vision could be achieved with the help of a 
concerted, collaborative effort by international funding agencies to: 

(1) Establish a system of persistent identifiers for researchers and their outputs; 
(2) Develop	 national and international pilot projects that compare different 

technical solutions for establishing and maintaining open data platforms, 
fostering the replication of scientific research, and ensuring attribution for the 
intellectual contributions of researchers; and 

(3) Foster formal and informal training to develop scientists’ skills in knowledge 
and data access, as well as data analysis. 
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1. Introduction 

New digital technologies are transforming the practice of science. Science is now 
increasingly computational, data‐intensive, and collaborative because digital 
technologies provide new ways for scientists to both create scientific information, and 
to communicate, replicate, and reuse scientific knowledge and data. Two key elements 
of this transformation are access to data and access to knowledge. Digital technology 
can make data openly accessible to scientists, reducing data‐management burdens, 
formalizing generalizable and replicable science, and enabling new kinds of data‐driven 
science. Digital technology can similarly facilitate the dissemination and transmission of 
knowledge by making information widely available electronically. 

Institutional and professional barriers limit both data and knowledge access, however. 
For example, the costs associated with data access, including storage, documentation, 
and dissemination are not uniformly supported. Further, the current system of scientific 
attribution does not capture the complexity of contributions to scientific knowledge. 

International funding agencies have an important opportunity to change policies to 
reduce these barriers. They could use digital technologies to promote scientific 
collaboration, and to foster the replication and reuse of scientific information, thereby 
changing the conduct of science. They could identify technical solutions for developing 
and maintaining open data platforms to promote collaboration and cooperation, foster 
the replication of scientific research, and ensure attribution for the intellectual 
contributions of researchers (National Science Foundation 2010b).1 

To examine how these barriers might be overcome by international funding agencies 
and organizations supporting research, the U.S. National Science Foundation (NSF) held 
a workshop titled “Changing the Conduct of Science in the Information Age” on 
November 12, 2010. The workshop brought together members of the research 
community, computer and information scientists, as well as behavioral and social 
scientists, to identify guiding principles and approaches that could help inform 
organizations that fund research, scientific research organizations, and publishing 
houses. 

The workshop placed questions into three categories: 

	 Technical constructs—What are the most important digital technologies 
that could be used to facilitate access to data and knowledge? To what 
extent is progress already being made, and how can progress be 
accelerated? What role might the private sector play in facilitating change? 

1 References given in parentheses are listed at the end of this report. 

3 
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	 Social constructs—What incentives are necessary to engage scientists in 
making data accessible and shared with the broader community? What are 
the appropriate business models necessary to promote connecting 
publications to data? How might private‐sector participants be engaged in 
the effort? What are the social barriers to adopting and using unique 
researcher numbers? 

	 The Pragmatic Experience—What lessons have been learned from Brazil’s 
experience with the Lattes platform? What opportunities are possible as a 
result of the establishment of the ORCID (Open Researcher and Contributor 
ID) project? What can be learned from data preservation, libraries and other 
coordinated data and publication efforts? What can be learned from 
domain‐specific successes? 

2. Data Access 

Access to data generated by the “data deluge” is 
Exemplar: Sloan Digital Sky Survey crucial.2 Research reproducibility is critical (Hirsh 
(SSDS)2010; Donoho 2010; Donoho et al. 2009), as 
The SDSS is a map of the universe “[r]eplicability is a hallmark of science” (Börner 
that was compiled from 1991 to 2010), but research is only reproducible if the 
2008. It has generated 850 million underlying data are accessible (Stodden 2010) 
web hits in 9 years by 1,000,000 and reliable. The challenge is daunting: one 
distinct users (globally there are workshop speaker noted that the scientific 
only 15,000 professional community now generates more data each year 
astronomers). SDSS tops the than the entire sum of data produced in all prior 
astronomy citation list and has years combined (Seidel 2010). Much data are 
delivered more than 100 billion inaccessible because of the dramatic increase in 
rows of data. It has facilitated both the amount of “information which is ‘off the 
remote collaborations and records’ of science, not available to peer 
discoveries by amateur scientists reviewers, [and] in many cases not even 
(http://www.sdss.org/).recorded in formal lab notebooks or laboratory 

information management systems” 
(Pfeiffenberger 2010). A recent NSF/Office of Cyberinfrastructure (OCI) Grand 
Challenges Task Force Report identified reproducibility of computational results as an 

2 Recently held workshops and reports devoted to data access include the European 
Commission’s High level Expert Group on Scientific Data, Riding the Wave: How Europe Can Gain 
from the Rising Tide of Scientific Data, October 2010, available at 
http://cordis.europa.eu/fp7/ict/e‐infrastructure/docs/hlg‐sdi‐report.pdf; Yale Law School, Data 
and Code Sharing Roundtable, November 21, 2009. See also 
http://www.law.yale.edu/intellectuallife/codesharing.htm, and “A Special Report on Managing 
Information: Data, Data Everywhere,” The Economist, February 25, 2010, available at 
http://www.economist.com/node/15557443. 
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imperative challenge for the computational sciences (National Science Foundation 
2010), and a roundtable at Yale University published a declaration urging reproducible 
computational research through the sharing of data and code (Yale Law School 
Roundtable on Data and Code Sharing 2010). 

“Information overload” is a related challenge, where the frequency or volume of 
available data overwhelms the ability of an individual or organization to usefully 
process, classify, manage, or analyze them (Elias 2010). Much is inaccessible due to 
technical difficulties accessing the proliferation of different types of data available to 
researchers, including numerical arrays and experimental results (Stodden 2010). 

Participants noted that funding agencies should act due to abundant evidence that data 
access is valuable in advancing science (Raddick and Szalay 2010; Donoho et al. 2009). 
This includes remote collaborations among scientists, such as those using data available 
through the Sloan Digital Sky Survey (see Exemplar) (Raddick and Szalay 2010; Neylon 
2010a), European Supersites for Atmospheric Aerosol Research (EUSAAR), or 
biodiversity research (Wood 2010). A cyber community has collaborated on 
infrastructure development to advance biodiversity research. The European Space 
Agency validates satellite Earth observation data, CERN (The European Organization for 
Nuclear Research) enables the grids for e‐science, and the Global Biodiversity 
Information Facility (GBIF) and Encyclopedia of Life (EOL) facilitate data access (Raddick 
and Szalay 2010). Data accessibility has also helped citizen science flourish (Raddick and 
Szalay 2010; Hirsh 2010; Stodden 2010), and it has contributed to the concept of 
“collective intelligence,” which “seeks to understand [the] new ways in which people 
collaborate and create outcomes that are integrally about large groups of participating 
individuals, as much as they are about the new technologies that underlie them” (Hirsh 
2010). Academic research may also be enriched by greater access to the abundance of 
data already being collected in the public and private sectors (German Data Forum 
(RatSWD) 2010), provided that privacy and proprietary rights are protected. 

The workshop participants discussed the social and technical challenges associated with 
promoting data access. 

2.1. Social Challenges 

Workshop participants agreed that the primary social barriers associated with data 
access include insufficient intellectual property rights, the difficulty of documenting data 
for reuse, and the problems associated with protecting confidentiality and privacy. 

There was agreement that academic institutions do not completely recognize the 
ownership and intellectual property rights relating to data production and sharing. 
There are also legal constraints: current copyright and other intellectual property laws in 

5  
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many nations present legal barriers to fully sharing data, articles, papers, 
methodologies, and code. 

Workshop participants also noted that any comprehensive data‐access plan must 
resolve the tension between confidentiality and openness (Schutz 2010). As the 
European Union has acknowledged, “[i]nnovation is important in today’s society, but 
should not go at the expense of people’s fundamental right to privacy”(EU NewsBrief 
2010). While the German Data Forum has recognized the enormous research potential 
of allowing access to official census data and other sources of public data, it has also 
emphasized respect for individual privacy and the need to protect individually 
identifiable data (German Data Forum (RatSWD) 2010). Legal, ethical, and 
administrative restrictions on the reuse of data sets containing personally identifiable 
information, such as income, health, and criminal records (Elias 2010), are intended to 
safeguard human subject privacy, ensure subject consent for the use of personal data, 
or provide stewardship. These restrictions are often applied to data sets gathered and 
maintained by national statistical offices and agencies. 

Participants made a number of suggestions for addressing social challenges related to 
data access. “Persuasive” incentives, such as attribution or linking data sets to 
subsequent publications, are needed to encourage researchers to give the wider 
research community access to their data (Pfeiffenberger 2010). Moreover, it is 
important to “value the publication of data (and software) as potentially equivalent to 
articles about conclusions, methods, instrumentation, models, algorithms and whatever 
is considered a legitimate object of publication” (Pfeiffenberger 2010). Published data 
could serve as an assessment and certification of quality, much as the publication of a 
peer‐reviewed academic article represents the vetting of an argument or concept, and 
allow data sets to become part of “the scientific record” (Pfeiffenberger 2010). In 
addition, researchers that have openly provided their data to others should be 
recognized through attribution in any 
subsequent publication that makes use of Exemplar: Earth System Science Data The 
the data (Trasande and Hannay 2010). Data Publishing Journal provides quality 

assessments for data sets that reside in 
One option for resolving the conflicts permanent repositories. The journal maps 
between reproducibility and copyright law peer‐review criteria from text to data 
is the development of an Open Research (http://www.earth‐system‐science‐

License (ORL) to “encourage researchers data.net/review/ms_evaluation_criteria.html). 

to create fully reproducible research by 
allowing [them] to capture more of the credit for facilitating and expanding scientific 
understanding, while promoting the ideal of reproducible research” (Stodden 2008). 

Participants agreed that training is critical to maintaining open data systems, whether 
informal, formal, or through discussions and research practices. Training could take 
place at the graduate and post‐doc levels, potentially instilling good habits at an early 

6  
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career stage. Colleges and universities could 
require graduate students and post docs to 
write papers using only publicly available 
data and publish them in open‐source 
journals [Schutz; Trasande].3 But without 
advisors setting an example by using open 
data, students would not see it as a laudable 
practice [Sauermann]. It is also important to 
develop a method for crediting informal 
training and learning to provide incentives to 
perpetuate the education of successive 
generations of researchers [Trasande]. 

One potential method for enhancing access 
to data while maintaining human subject 

Exemplar: Permanent Access to the 
Records of Science in Europe (PARSE) 
Insight 
The EU is funding PARSE, is a 2‐year 
project focused on the preservation of 
digital information in science over 
time and ensuring that it “is 
accessible, usable and understandable 
in the future.” The goal is to create a 
roadmap for facilitating continuous 
access to scientific data 
(http://www.parse‐insight.eu/). 

privacy is the use of “virtual safe settings—systems through which authorised and 
authenticated users can gain remote access to data on individuals or organisations 
whilst preventing copying of data and minimising the potential for abuse of access 
privileges” (Elias 2010). 

2.2. Technical Issues 

Workshop participants noted that increasing access to research data involves solving a 
host of technical issues, including data control, security, long‐term data preservation, 
and stewardship. 

Data storage should be planned from the start of any data‐sharing enterprise (Wood 
2010), and access control, archive security, and protection of confidential data should 
also be considered during the planning process (Schutz 2010). In this sense, the 
Permanent Access to the Records of Science in Europe Insight project (see Exemplar) 
serves as a potential model for scientific data infrastructure (Wood 2010). Providing 
useful access to the magnitude of research data that is continually being created is a 
primary challenge of any effort to create and harmonize a global scientific data 
infrastructure. One participant pointed out that scope presents the greatest barrier, 
asserting, “petabytes are easy, exabytes are hard” [Hirsh]. Not only must data be 
collected and stored, they must also be retrievable in discrete sets that can easily be 
reused by researchers. 

Several options for addressing technical issues related to data access were discussed by 
participants. An important conceptual framework for creating a user‐friendly scientific 

3 Last names in brackets refer to participants who made comments during the workshop. See 
Appendix C for participant biographies. 
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data infrastructure may include a “Knowledge Organisation System” that provides a 
consistent means of describing science, maintains an overview of the interrelationship 
between various areas of scientific knowledge, and presents an extract of the 
connections between past scientific knowledge and the emergence of new scientific 
knowledge from current and future research (Lambe 2010). Another possible model is a 
Reproducible Research System (RRS), which has two parts: (1) a Reproducible Research 
Environment (RRE) for computation work, which “provides computational tools together 
with the ability to automatically track the provenance of data, analyses, and results, and 
to package them (or pointers to persistent versions of them) for redistribution,” and (2) 
a Reproducible Research Publisher (RRP), such as standard word‐processing software or 
other documentation‐preparation system, that links to the RRE. This facilitates readers’ 
abilities to reproduce the analysis, as well as “extend it with the document itself by 
changing parameters, data, filters, and so on” (Pfeiffenberger 2010). 

“Data...needs to be accessible by anyone, from anywhere, at anytime” (Viegas 2010). 
This requires the creation of taxonomies of scientific data to enable the cataloguing, 
tagging, and parsing of data sets for automated recall. Currently, a number of scientific 
data infrastructure systems use different and incompatible data identifiers, inhibiting 
data sharing and reuse (Fenner 2010). Another obstacle to the creation of a useful 
scientific data sharing infrastructure is the issue of interoperability—ensuring that 
researchers can easily reuse data sets originating in any country. To overcome this issue, 
international data standards and taxonomies must be explored by the scientific research 
community. This will likely first occur in individual disciplines, then in interdisciplinary 
conversations. 

Standardized identification schemes, such as Altman and King’s Universal Numerical 
Fingerprint implemented at the Dataverse Network at Harvard University (Altman and 
King 2007); metadata standards like MIAME for microarray gene expression (Trasande 
and Hannay 2010; Fenner 2010); and Digital Object Identifiers (DOIs) for any physical or 
digital manifestation, including text, audio, images, and software (Fenner 2010), can aid 
in categorizing and managing data and data sources and increase interoperability and 
ease of use. However, for these schemes to be successful, scientists must be 
encouraged and given incentives to routinely use the standards to annotate their data, a 
process that will be aided by the development of better and easier to use software tools 
(Trasande and Hannay 2010). 

Not only do all students need to be trained to utilize open data, but individuals need to 
be formally educated as “data scientists” [Wood]. A new cohort of computational 
scientists who can manage the integration of data sets from disparate sources is 
essential [Aragão; Santos]. 
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2.3. Role of Funding Agencies 

Workshop participants suggested a number of ways in which funding agencies 
worldwide can significantly improve data access. For example, they can provide 
incentives for data sharing by publishing openness rankings [Evans], or using curriculum 
grants or similar measures to encourage informal and formal training of students on the 
importance of open data [Seidel]. Agencies can promote interoperability through 
international initiatives to develop persistent digital research data infrastructure. 

Current efforts include, the U.S. National Science and Technology Council Interagency 
Working Group on Digital Data’s recommendation that all U.S. federal agencies 
“promote a data management planning process for projects that generate scientific data 
for preservation” (Office of Science and Technology Policy 2009). NSF has complied with 
this call to action and changed the implementation of its long‐standing data policy4 by 
requiring that beginning in January 2011, all proposals include a “Data Management 
Plan” that describes: 

	 The types of data, samples, physical collections, software, curriculum 
materials, and other materials to be produced in the course of the project; 

	 The standards to be used for data and metadata format and content (where 
existing standards are absent or deemed inadequate, this should be 
documented along with any proposed solutions or remedies); 

	 Policies for access and sharing including provisions for appropriate 
protection of privacy, confidentiality, security, intellectual property, or other 
rights or requirements; 

 Policies and provisions for reuse, redistribution, and the production of 
derivatives; and 

 Plans for archiving (National Science Foundation 2011). 

Other funding agencies have also taken an active role in ensuring data access. For 
example, the Alliance of German Science Organisations published the June 2008 “Digital 
Information Initiative” designed “to equip scientists and academics with the information 
and infrastructures best suited to facilitate their scientific work” (Lauer 2010).5 The 
United Kingdom’s Economic and Social Research Council website 
(http://www.esrc.ac.uk/about‐esrc/information/data‐policy.aspx) also notes: 

4 “Investigators are expected to share with other researchers, at no more than incremental cost  
and within a reasonable time, the primary data...created or gathered in the course of work under  
NSF grants” (National Science Foundation 2010a).  
5 See also Deutsche Forschungs Gemeinschaft,  
http://www.dfg.de/en/research_funding/programmes/infrastructure/lis/digital_information/alli 
ance_initiative/index.html. 
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[T]hose ESRC grant applicants who plan to generate data are 
responsible for preparing and submitting data management and sharing 
plans for their research projects as an integral part of the application. It 
is then a responsibility of the award holder to incorporate data 
management and sharing as an indivisible part of the research project 
to increase the potential for data to be shared. We require that the data 
must be made available for preparation for [reuse] and/or archiving 
with the ESRC data service providers within three months of the end of 
the award otherwise we will withhold the final payment. 

3. Knowledge Access 

Sharing knowledge about scientific discoveries is a foundation of modern science, but 
workshop participants noted that funding agencies need to understand that knowledge, 
and therefore knowledge sharing, should be broadly defined to encompass both data 
and code. They also noted that knowledge sharing takes many forms and should be 
encouraged, including traditional academic journal publishing as well as other 
mechanisms such as discussion forums, recommendations, wikis, file‐sharing sites, 
blogs, and microblogs (Trasande and Hannay 2010). However, substantial barriers to 
knowledge access persist despite mandates to promote sharing. For example, in spite of 
the embrace of Open Access publishing, the voluntary adoption rate by scientists has 
been low (around 15%–20%). Mandates have increased these numbers to around 70% 
for NIH‐funded research and in institutions, such as Southampton or CERN, that have 
adopted these policies. Nevertheless, this means that even with mandatory 
participation, some 30% of research is not openly available (Fenner 2010). 

3.1. Social Issues 

Workshop participants agreed that attribution for new forms of scientific activity was 
critical to promoting knowledge access. Researchers will provide access to their work if 
they are given credit for their labor. Attribution for scholarly work requires the ability to 
uniquely identify both specific contributors to research and specific scientific 
contributions (Fenner 2010). Participants felt strongly that an author‐identification 
system that transcends institutional, disciplinary, and national boundaries would help 
create a “clear and unambiguous scholarly record” of research activities associated with 
an individual and help provide unambiguous attribution for researcher contributions, 
whether they appear as publications, patents, or data sets (Office of Science and 
Technology Policy 2009; National Science Foundation 2011). An author‐identification 
system would also allow for “microattribution” for research contributions not 
associated with a peer‐reviewed journal publication (Credit Where Credit Is Due 2009). 
In the current system, a significant portion of scientific work remains unrecognized 
because there are no formal methods for providing attribution for this labor 
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(Pfeiffenberger 2010; Elias 2010; Lambe 2010; Neylon 2010b). Examples include the 
work of students, research assistants, and other non‐author collaborators or the 
participants in large‐scale scientific infrastructure projects. This renders much of the 
labor that makes science possible “invisible”—“the visible manifestations of science 
conceal an intricate social network of relationships, trust and perceived authority, 
underlying how science gets funded, how scientists decide to collaborate, and how new 
knowledge gets validated” (Lambe 2010). 

With an international, unambiguous, and comprehensive attribution framework, data 
could be collected on the full range of research labor and outputs (Lane 2010), enabling 
a “wide range of derived metrics and rankings” (Trasande and Hannay 2010) that could 
be used to better understand the complexity of scientific labor and research. The 
Knowledge Organisation System described in Section 2.2 may help make “visible” the 
scientific labor previously left “invisible” by connecting formally recognized scientific 
outputs and metrics to the informal labor and social networks that support the 
generation, dissemination, and reuse of scientific knowledge. 

Authentication, verification, quality assurance and control, and privacy provisions are 
critical to the success of a persistent author‐identification system (Neylon 2010b). The 
systems must be able to handle duplication and redundancies, and should “not be 
affected by name changes, cultural difference in name order, inconsistent first‐name 
abbreviations or the use of different alphabets” (Credit Where Credit Is Due 2009). 
There is a financial incentive for this as well: “In the current world ill‐considered, non‐
transparent, and irreproducible metric systems will almost inevitably lead to legal 
claims” (Neylon 2010b). 

At the heart of resolving this issue are 
Exemplar: Open Researcher and 

establishing and authenticating unique 
Contributor ID (ORCID) 

researcher identifiers. To avoid 
Proposed in 2009, ORCID is a system 

misidentifications, access to individual 
of unique alphanumeric strings for 

researcher identifiers should be under the 
each researcher. It is backed by 23 

control of individual researchers (Neylon 
organizations, including Thomson 

2010b), and researchers should be required 
Reuters, the British Library, and the 

to authenticate their biographical and 
Wellcome Trust (Credit Where Credit 

professional information (Trasande and 
Is Due 2009). ORCID intends to 

Hannay 2010). A centralized database 
create a central registry of unique 

designed to populate grant and job 
identifiers linked to other author 

applications, bio‐sketches, or reports, which 
schemes (http://www.orcid.org/).

can otherwise be onerous and repetitive 
tasks (Evans 2010), would likely be an incentive for researchers to keep this information 
current. The Lattes Platform, a research database, adopts a related approach, requiring 
users to register before applying for government funding. 
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For a system based on unique researcher identifiers, all parties must trust that the 
identifier system is reliable, authentic, and immutable. Accordingly, the development of 
systems that are unable to generate a significant level of trust is “likely to limit and 
fragment any effort to coordinate, federate, or integrate differing identity solutions in 
the research space. Therefore interoperability of any developed system with the wider 
web must be a prime consideration” (Neylon 2010b). One possible method for 
establishing trust and ensuring proper attribution is encouraging the use of an 
identification system like ORCID (see Exemplar), and establishing publishing practices 
that make the “creation and capture [of unique identifiers] an integral part of the 
editorial process” (Trasande and Hannay 2010). 

3.2. Technical Issues 

The development of a persistent, trusted, ubiquitous, and interoperable centralized 
repository for housing the unique researcher identifiers may provide a “trusted broker” 
for promoting knowledge access and attribution (Trasande and Hannay 2010; Neylon 
2010b). Currently, a number of identification tools exist or are under development, 
including ORCID, Vivo, Lattes Platform, Public Library of Science (PLoS), and 
PubMedCentral. For example, ORCID proposes to create a “central registry of unique 
identifiers for individual researchers and an open and transparent linking mechanism 
between ORCID and other current author ID schemes” (http://www.orcid.org/). Lattes, 
a fully developed researcher database that allows for verification (Aragão 2010; Lane 
2010) has now been adopted in 17 countries in Latin America, Europe, and Africa 
[Aragão]. 

3.3. Role of Funding Agencies 

Funding agencies worldwide can play a critical role in encouraging knowledge access 
and the implementation of an identification system to facilitate attribution. Agencies are 
uniquely positioned to require data and code sharing in publicly funded work, and they 
support the infrastructure and tools for data and code sharing. Participants felt that 
funding agencies should embrace the creation of identification systems and ensure their 
adoption by requiring registration as a prerequisite to applying for agency funding 
(Trasande and Hannay 2010). Participants also thought that agencies could support a 
research library coalition that would provide an international open‐standard data set for 
bibliometric information for all published work worldwide (Conlon 2010). 

4. Conclusions and Next Steps 

At the conclusion of the workshop, participants agreed on a set of attributes of the 
“ideal” attribution landscape 5 years into the future [Greer]. It would include a 
framework of openness and international standards for data and knowledge; reliable 
and unique identifiers for each researcher, organization, publication, and the 
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relationship to each other; a link between all publications and their appropriate data; 
continuous investment for data preservation and access; and formal and informal 
training of students, researchers, and personnel at funding agencies. 

In white papers submitted before the workshop, and during presentations and in 
discussions at the workshop itself, participants identified a set of actions that would 
achieve this vision: 

(1) Establish a system of persistent identifiers for both researchers and their 
outputs. The following specific suggestions were made about the 
characteristics of such a system: 

	 Create taxonomies of scientific data—Enable the cataloguing, tagging, 
and parsing of data sets for automated recall. 

	 Create incentives—Encourage and offer incentives to researchers to 
routinely use the standardized identification schemes to annotate their 
data, a process that will be aided by the further development of 
software tools. Provide researchers with incentives to encourage them 
to make data sets available to the wider research community through 
the development and use of attribution systems. Help ensure that data 
sets are linked to subsequent publications and other research outputs, 
further aiding attribution and the reproducibility of research. Publish 
data and code to facilitate assessment and certification of quality and 
allow data sets to become part of the citable “scientific record.” 

	 Create independent standards—Establish federally funded platforms for 
data and code sharing that are independent of institutions and 
individual researchers, and use standards of unique identification for 
citation and version control. 

	 Create a legal framework—Develop an Open Research License (ORL) to 
resolve conflicts between reproducibility and copyright law. 

	 Create a registration mechanism—Encourage the development, 
implementation, and use of standardized identification systems to 
facilitate attribution by requiring system registration as a prerequisite to 
applying for agency funding. 

(2) Develop national and international pilot projects that compare different 
technical solutions for developing and maintaining open data platforms, 
fostering the replication of scientific research, and ensuring attribution for 
the intellectual contributions of researchers. 
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(3) Foster formal and informal training to ensure that open data and 
knowledge systems are maintained. 

Workshop participants agreed that engaging in these efforts will provide opportunities 
to work across counterpart funding agencies to encourage international cooperation 
and the dissemination of knowledge and data. 
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Appendix A: Workshop Background 

It is exceedingly rare that fundamentally new approaches to research 
and education arise. Information technology has ushered in such a 
fundamental change. Digital data collections are at the heart of this 
change. They enable analysis at unprecedented levels of accuracy and 
sophistication and provide novel insights through innovative 
information integration. Through their very size and complexity, such 
digital collections provide new phenomena for study. 

—NSB Report: “Long‐lived Data Collections: Enabling Research 
and Education in the 21st Century,” September 2005. 

Workshop Motivation 

Digital technology offers the potential for fundamental change in the conduct of science 
for two reasons: 

	 Data access—Digital technology could make data openly accessible to scientists, 
reducing data‐management burdens, formalizing generalizable and replicable 
science, and enabling new kinds of data‐driven science. 

	 Knowledge access—Digital technology could facilitate the dissemination and 
transmission of knowledge by making information widely available 
electronically. 

These technologies can transform science by enabling a broad range of scientists to 
create and transmit knowledge, educators to impart that knowledge to future 
generations, and decision‐makers to make well‐informed policy based on sound and 
reproducible research. But institutional and social barriers that exist limit the 
acceptance of these transformational technologies by the scientific community. It is 
likely that these barriers could be reduced by concerted and informed efforts by 
scientific funding agencies and international organizations. 

An informed approach to digital technology can be fostered by advancing understanding 
of the technical, behavioral, and social factors conducive to its widespread adoption. 
These factors might include the role of economic incentives, human capital, social 
networks, and (most obviously) scientific attribution. Lessons can also be learned from 
practical experience. Fields as disparate as biotechnology, geosciences, and astronomy 
have been transformed by both data and knowledge access. Several broad‐based 
initiatives, such as ORCID, the Brazilian Lattes Platform, and the VIVO project, have 
promoted widespread access to knowledge. Both the research and practical experiences 
should help identify new approaches that are neither nation specific nor domain 
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specific—indeed, that can be used in a cooperative international effort to help foster 
the adoption and use of digital technologies. 

Objective 

The goal of this workshop is to combine the expertise of computer and information 
scientists with those of behavioral and social scientists to identify guiding principles and 
approaches that can help inform organizations that fund research, scientific research 
organizations, and publishing houses. Specific questions that could be answered include 
the following: 

Technical constructs—What are the most important digital technologies that 
could be used to facilitate data and knowledge access? To what extent is 
progress being made already, and how can progress be accelerated? What role 
might the private sector play in bringing about change? 

Social constructs—What incentives are necessary to engage scientists in making 
data accessible and shared with the broader community? What are the 
appropriate business models necessary to promote connecting publications to 
data? How might private‐sector participants be engaged in the effort? What are 
the social barriers to adopting and using unique researcher numbers? 

The Pragmatic Experience—What lessons have been learned from ORCID and 
the Brazilian experience? What can we learn from data preservation and 
libraries and other coordinated data and publication efforts? What can we learn 
from domain‐specific successes? 

Workshop Structure 

The workshop is intended to be small and informal in nature, and the discussion will be 
focused on addressing the motivating questions. To achieve that goal, the workshop will 
have four separate sessions. Selected participants will be asked to start the dialogue by 
providing a short opening commentary on their experience with data and knowledge 
access, focusing on describing the technical and social challenges and how what was 
learned might help inform international efforts. All workshop participants are asked to 
participate in a discussion of opportunities and constraints. The discussions should focus 
on relating enabling aspects of the technologies to incentives for changing conduct, with 
the goal of identifying approaches that are related to the technological solutions. It is 
particularly important that the discussion address social, technical, and institutional 
challenges, using specific examples from previous experience. The moderator will 
provide a synthesis of the discussion and identify useful approaches for funding 
agencies. 
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To facilitate planning, all workshop participants for the sessions are asked to produce, in 
advance, a brief document summarizing their views about new approaches that could 
be used to foster the adoption and use of digital technologies. Although these views 
might be informed by either theory or practice, providing a list of relevant literature and 
examples would be extremely helpful. All participants will receive the briefing 
documents in advance, and it is expected that these documents will inform and lead the 
discussion at the workshop. 
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Appendix B: Workshop Structure 

A diverse group of international research scientists, computer and information 
scientists, and behavioral and social scientists was invited to participate in the 
workshop. Invitations were also extended to representatives from funding agencies 
worldwide and publishers likely to participate as partners in open‐access data initiatives. 
This provided a broad base of expertise encompassing social, professional, and technical 
issues related to data and knowledge access. 

Workshop Wiki 

NSF created a wiki to facilitate sharing information and ideas both before and after the 
workshop.6 Before the workshop, background readings and participant biographies 
were provided, and each participant was asked to draft a white paper. The white paper 
was to be a brief document summarizing the participant’s views on what approaches 
could be used to encourage adopting information and communication technologies to 
enable open access to data and data sharing. All workshop participants received briefing 
documents in advance of the workshop, with the expectation that these documents 
would inform the workshop discussions. In the spirit of openness, following the 
workshop, the presentations were posted and comments were solicited on each. 

Sessions 

By design, the workshop was small and informal in nature to focus discussion on the 
workshop’s motivating questions. To achieve this goal, the workshop had four separate 
sessions: 

1. Data Access—Digital technology and scientific communities. 

2. Data Access—Digital technology and multiple scientific communities. 

3. Knowledge Access—The role of scientific attribution. 

4. Knowledge Access—The role of funding agencies. 

Selected participants were asked to initiate and moderate the sessions by providing 
brief commentary on their experience with data and knowledge access, particularly 
technical and professional challenges and how the lessons learned from these might 
help inform international efforts to address open access to data more broadly. All 
workshop participants were encouraged to participate in the ensuing discussion of 

6 A “wiki” (Hawaiian for “fast”) is a page or collection of interlinked Web pages designed to 
enable collaborative websites. Anyone who accesses the wiki is able to contribute or modify 
content using a simplified markup language. 
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opportunities and constraints, with the goal to develop “ideas, exemplars and concrete 
recommendations” (Seidel 2010). The discussions focused on identifying approaches 
that addressed both the potential of ICTs to enable data sharing and open access to data 
and the incentives for researchers, agencies, institutions, and publishing houses to 
facilitate this. Participants also addressed the technical and professional challenges to 
data sharing, drawing on specific examples from prior experience. At the end of each 
session, the moderator was asked to provide a synthesis of the discussion and identify 
useful approaches for funding agencies. For the purposes of this report, we have 
separated the workshop into two categories: (1) data access and (2) knowledge access 
and attribution. 
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Appendix C: Participant and Observer Biographies 

Workshop Participants 

Dr. Carlos Aragão, Professor of Physics, Universidade Federal do Rio de Janeiro. Dr. Aragão 
obtained a B.S. in Physics in 1973 and an M.S. in Physics in 1976 at the Pontificia Universidade 
Católica do Rio de Janeiro (PUC/RJ). He obtained a Ph.D., also in Physics, from Princeton 
University in 1980. Dr. Aragão is a Professor of Physics at the Universidade Federal do Rio de 
Janeiro (UFRJ). He is a Member of the Brazilian Academy of Sciences and was awarded the 
Brazilian National Order of Scientific Merit Medal in 1998. 

Dr. Shenda Baker, Professor of Chemistry, Harvey Mudd College. Dr. Baker received a B.S. in 
Chemistry and French from Grinnell College in 1985. In 1991, she received a Ph.D. in Physical 
Chemistry from the California Institute of Technology. Dr. Baker is a Professor of Chemistry at 
Harvey Mudd College in California, where she became the Clare Boothe Luce Assistant Professor 
of Chemistry in 1993. In 1996, Dr. Baker received an NSF CAREER Award, the DOE Young 
Scientists and Engineers Award, and the Presidential Early Career Award for Scientists and 
Engineers. She is on the Executive Committee for the National Neutron Scattering Society of 
America and on the Advisory Board for the Office of Cyberinfrastructure at NSF. 

Dr. Katy Börner, Victor H. Yngve Professor of Information Science, School of Library and 
Information Science, Indiana University. Dr. Börner received an M.S. in Electrical Engineering 
from the University of Technology in Leipzig in 1991 and a Ph.D. in Computer Science from the 
University of Kaiserslautern in 1997. She is the Victor H. Yngve Professor of Information Science 
at the School of Library and Information Science, Adjunct Professor in the School of Informatics, 
Core Faculty of Cognitive Science, Research Affiliate of the Biocomplexity Institute, Fellow of the 
Center for Research on Learning and Technology, Member of the Advanced Visualization 
Laboratory, and Founding Director of the Cyberinfrastructure for Network Science Center at 
Indiana University. She also serves as a curator of the Places & Spaces: Mapping Science exhibit. 

Dr. Sayeed Choudhury, Associate Dean for Library Digital Programs and Hodson Director of the 
Digital Research and Curation Center, Sheridan Libraries, Johns Hopkins University. Dr. 
Choudhury holds graduate degrees in Civil Engineering and Systems Analysis and Economics from 
Johns Hopkins University. He is the Associate Dean for Library Digital Programs and Hodson 
Director of the Digital Research and Curation Center at the Sheridan Libraries of Johns Hopkins 
University. Dr. Choudhury is also the Director of Operations for the Institute of Data Intensive 
Engineering and Science (IDIES) at Johns Hopkins, a Lecturer in the Department of Computer 
Science at Johns Hopkins, a Research Fellow at the Graduate School of Library and Information 
Science at the University of Illinois at Urbana‐Champaign, and a Senior Presidential Fellow with 
the Council on Library and Information Resources. 

Dr. Elaine Collier, Assistant Director for Clinical Research, Division for Clinical Research 
Resources, National Center for Research Resources, U.S National Institutes of Health. 

Dr. Michael Conlon, Director of Data Infrastructure, University of Florida. Dr. Conlon received a 
Bachelor’s degree from Bucknell University and a Ph.D. in Statistics from the University of Florida. 
He is Director of Data Infrastructure for the University of Florida. Dr. Conlon is also Research 
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Associate Professor of Biostatistics at the University of Florida and co‐principal investigator of 
INVEST—the International Verapamil/Trandolapril Study, a randomized trial of 22,000 patients at 
860 sites in 14 countries. The trial is conducted entirely online using Internet‐based software 
designed and developed by a team under Dr. Conlon’s direction. The software approach has 
been patented and licensed to MarCon Global Data Solutions, a company he co‐founded along 
with Dr. Ronald Marks. 

Dr. Peter Elias, Professor, Institute for Employment Research, University of Warwick. Dr. Elias 
received a Bachelor’s degree in Chemistry before undertaking his doctoral studies in applied 
labor economics at the University of California, Berkeley. He is a Professor at the Institute for 
Employment Research, University of Warwick. He is a Fellow of the Royal Statistical Society, and 
has been the Strategic Advisor for Data Resources to the UK Economic and Social Research 
Council (ESRC) since 2004. 

Dr. James Evans, Assistant Professor of Sociology, University of Chicago. Dr. Evans received a 
B.A. from Brigham Young University in 1994 and an M.A. and Ph.D. from Stanford University in 
1999 and 2004, respectively. He is Assistant Professor of Sociology at the University of Chicago 
and a member of the Committee on the Conceptual and Historical Studies of Science. He is also a 
Fellow at the Computation Institute. 

Dr. Martin Fenner, Hannover Medical School Cancer Center and ORCID Board of Directors. Dr. 
Fenner studied medicine in Berlin, and he did further training in basic and clinical oncology, 
including a postdoctoral fellowship in Boston. He now works at the Hannover Medical School 
Cancer Center. He writes the weblog Gobbledygook (http://blogs.plos.org/mfenner), is on the 
board of directors of ORCID (Open Researcher & Contributor ID; http://www.orcid.org/), and 
helps organize the Science Online London (http://www.scienceonlinelondon.org/) conference. 

Dr. Chris Greer, Assistant Director for Information Technology Research and Development, U.S. 
Office of Science and Technology Policy. Dr. Greer received a Ph.D. in Biochemistry from the 
University of California, Berkeley, and did his postdoctoral work at the California Institute of 
Technology before teaching at the University of California, Irvine, in the Department of Biological 
Chemistry. Dr. Greer is Assistant Director for Information Technology Research and Development 
in the White House Office of Science and Technology Policy (OSTP). He also serves as co‐chair of 
the Interagency Working Group on Digital Data, which has been charged by the Committee on 
Science of the National Science and Technology Council with developing and promoting 
implementation of strategic frameworks for digital scientific data preservation and access. 

Dr. Tony Hey, Corporate Vice President, External Research Division, Microsoft Research. Dr. 
Hey received a Bachelor’s degree in Physics and a Ph.D. in Theoretical Physics from Oxford 
University. He is corporate vice president of the External Research Division of Microsoft 
Research, where he is responsible for worldwide external research (ER) collaboration in 
Microsoft Research. Dr. Hey is a fellow of the U.K. Royal Academy of Engineering and has served 
on several national committees in the U.K., including committees of the U.K. Department of 
Trade and Industry and the Office of Science and Technology. He is a fellow of the British 
Computer Society, the Institute of Engineering and Technology, the Institute of Physics, and the 
U.S. American Association for the Advancement of Science (AAAS). 
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Dr. Haym Hirsh, Professor of Computer Science, Rutgers University. Dr. Hirsh received his B.S. in 
Mathematics‐Computer Science from UCLA and his M.S. and Ph.D. in Computer Science from 
Stanford University. He is Professor and past‐Chair of Computer Science at Rutgers University. 
From 2006 to 2010 he served as Director of the Division of Information and Intelligent Systems at 
the U.S. National Science Foundation, managing an organization responsible for over $500 
million of research grants in Computer and Information Science and Engineering. He has also 
held visiting positions at Bar‐Ilan University, CMU, MIT, and the University of Zurich. 

Mr. Patrick Lambe, Adjunct Professor in Knowledge Management, Hong Kong Polytechnic 
University, and Principal Consultant, Straits Knowledge. Mr. Lambe studied at Oxford 
University. He is now based in Singapore and is an expert in knowledge management, knowledge 
organisation systems, and taxonomies. He has weblogs at http://www.greenchameleon.com and 
http://www.organisingknowledge.com. Patrick is currently working with the National Science 
Foundation Division of Science Resources Statistics on taxonomy management and development 
projects to support that division’s mission. 

Dr. Gerhard Lauer, Professor of German Literature, Georg‐August‐Universität Göttingen. Dr. 
Lauer received his Ph.D. in 1992. He is professor of German Literature at Georg‐August‐
Universität Göttingen in Germany. Dr. Lauer is also co‐editor of the Journal of Literary Theory, a 
member of the German Research Council commission for electronic publishing, an advisory 
board member of the Open Access Publishing in European Networks (OAPEN; 
http://www.oapen.org), a board  member for the European Science Foundation Bibliometric 
Database Scoping Project (2008‐2010), coordinator for German‐Israeli academic exchange, and 
head of the TransCoop‐programme committee of the Alexander von Humboldt‐Stiftung. 

Ms. Ruth Lee, Director, Research Councils UK Office in the United States. Ms. Lee received a 
B.A. from the University of Sheffield and a Master of Education from the University of 
Manchester. She is the Director of the U.S. office for the Research Councils UK, the primary 
public body in the UK charged with funding research and supporting the next generation of 
researchers. 

Dr. David Lipman, Director, National Center for Biotechnology Information, National Library of 
Medicine, U.S. National Institutes of Health. Dr. Lipman earned a B.A. in Biology from Brown 
University in 1976 and an M.D. from the State University of New York, Buffalo, in 1980. He is the 
Director of the National Center for Biotechnology Information (NCBI), a division of the National 
Library of Medicine within the National Institutes of Health (NIH). He was appointed as NCBI’s 
first Director in 1989, shortly after Congress created the Center in 1988, and has overseen its 
growth into one of the most heavily used resources in the world for the search and retrieval of 
biomedical information, with about 2 million users each day. He is a member of the National 
Academy of Sciences, the Institute of Medicine, and the American Academy of Arts and Sciences. 

Mrs. Lucia Carvalho Pinto de Melo, President, Center for Strategic Studies and Management. 
Mrs. Carvalho received a Bachelor’s degree in Chemical Engineering from Universidade Federal 
de Pernambuco in 1973; a Masters degree in Physics from the Universidade Federal de 
Pernambuco in 1976; a Masters degree in Energy and Environment at the University of California, 
Santa Barbara, in 1980; and a Masters degree from the Technology and Policy Program at the 
Massachusetts Institute of Technology in 1987. From 1990 to 1991 she led the Department of 
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Science and Technology of Pernambuco State, and she was President of the Foundation for 
Research of the State of Pernambuco (FACEPE) from 1995 to 1998. Mrs. Carvalho is currently the 
President of the Center for Strategic Studies and Management (CGEE). 

Dr. August Muench, Astronomer, Harvard‐Smithsonian Center for Astrophysics. Dr. Muench 
received a B.S. in Physics from the Georgia Institute of Technology in 1995 and a Ph.D. in 
Astronomy from the University of Florida in 2002. He is an astronomer at the Harvard‐
Smithsonian Center for Astrophysics and a member of the Seamless Astronomy team at Harvard, 
which is a collective of projects funded by NASA, NSF, and Microsoft Research working to better 
integrate astronomy’s numerous open‐access data repositories, comprehensive literature 
catalogues, and diverse software tools. 

Dr. Theodore Papazoglou, Policy Analyst, European Research Council. Dr. Papazoglou received a 
B.S. in Physics from the University of Crete in 1985 and a Ph.D. in Biomedical Engineering from 
the University of Southern California in 1989. After completing his postdoctoral training at the 
Laser Research Center at Cedars Sinai Medical Center in Los Angeles, he attained tenure at the 
Institute of Electronic Structure and Lasers of the Foundation for Research and Technology Hellas 
(FO.R.T.H.‐IESL). In 2001, Dr. Papazoglou was detached to the European Commission and worked 
as a scientific officer at the Marie Curie Fellowships programme. At the end of 2003 he was 
recruited as temporary agent in the Directorate General for Research of the European 
Commission. He is now working in Unit A1 (Support to the ERC Scientific Council) of the ERC 
Executive Agency, and implementation of the ERC’s Open Access strategy is among his duties. 

Dr. Hans Pfeiffenberger, Leader, IT Infrastructure Department, Alfred Wegener Institute for 
Polar and Marine Research. Dr. Pfeiffenberger leads the IT infrastructure department of the 
Alfred Wegener Institute. He is a speaker for the Helmholtz Open Access working group and 
advises the Knowledge Exchange (DFG, JISC, SURF, and DEFF). In 2008, Dr. Pfeiffenberger was 
appointed representative of the Helmholtz Association to the Alliance on Permanent Access 
(APA). He is also chief editor of the journal Earth System Science Data, an innovative journal 
providing quality assurance to published data through peer review. 

Dr. Marcio de Miranda Santos, Executive Director, Centre for Strategic Management and 
Studies in Science, Technology and Innovation. Dr. Santos earned an M.S. in Genetics and Plant 
Breeding and a Ph.D. in Biochemical Genetics. Dr Santos is the current Executive Director of the 
Centre for Strategic Management and Studies in Science, Technology and Innovation and Chair of 
the Board of Trustees of the Center of Reference on Environmental Information (CRIA). He has 
been a consultant to the FAO (Food and Agriculture Organization of the United Nations), the 
Interamerican Institute for Cooperation in Agriculture, Bioversity International (formerly the 
International Plant Genetic Resources Institute), and national governments on policies for the 
conservation and use of plant genetic resources for food and agriculture. Dr. Santos has 
represented Brazil in the FAO/Commission on Genetic Resources for Food and Agriculture and in 
the UNEP/CBD Conference of the Parties (COP). 

Dr. Lorenza Saracco, Research Programme Officer, Research Infrastructure Unit, European 
Commission. Dr. Saracco is a research programme officer within the Research Infrastructure Unit 
of the European Commission. She joined the EC in 2003, and since then she has followed policies 
and projects dealing with data and ICT infrastructures. Her background is in computer science 
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(her degree is from the University of Pisa, Italy), and before joining the Commission she worked 
for the Italian National Research Council (CNR), first as researcher in the area of conceptual 
modeling and management of Earth science data and then as policy officer dealing with the 
European Union research policies. As an EC officer she participated in various task forces and 
groups on data organisation and management. 

Dr. Henry Sauermann, Assistant Professor, College of Management, Georgia Institute of 
Technology. Dr. Sauermann holds undergraduate degrees in Economics and Business 
Administration from the University of Potsdam, Germany, and a Ph.D. in Business Administration 
from Duke University. He is an Assistant Professor at the College of Management, Georgia 
Institute of Technology. One stream of Dr. Sauermann’s research examines scientists’ pecuniary 
and non‐pecuniary motives and incentives and their effects on research productivity in industry 
as well as academia. A second stream of research focuses on scientific labor markets and on the 
career choices of junior scientists. 

Dr. Bernard Schutz, Director, Max Planck Institute for Gravitational Physics, Albert Einstein 
Institute. Dr. Schutz earned a Ph.D. in physics from the California Institute of Technology. He is a 
Director of the Max Planck Institute for Gravitational Physics (Albert Einstein Institute) in 
Potsdam, Germany, and a member of the management team of the Max Planck Digital Library. 
He is also a Fellow of the American Physical Society and of the German Leopoldina Society, and 
he is a recipient of the Amaldi Gold Medal of the Italian Society for Gravitation. Dr. Schutz is 
active in science outreach and recently co‐founded the Scienceface project 
(http://www.scienceface.org/), which is currently releasing a series of highly praised video 
interviews of leading scientists by a young interviewer with no scientific background; these are 
designed to make black‐hole physics and astronomy accessible to young people. 

Dr. Victoria Stodden, Assistant Professor, Department of Statistics, Columbia University. Dr. 
Stodden completed a Ph.D. in Statistics at Stanford University and a Masters in Legal Studies at 
Stanford Law School, where she created a new licensing structure for computational research. 
Previously, she had been a Postdoctoral Associate in Law and a Kauffman Fellow in Law at the 
Information Society Project at Yale Law School. She is an assistant professor of Statistics at 
Columbia University. She is currently co‐chairing a working group on Communities and Virtual 
Organizations in the NSF Office of Cyberinfrastructure Task Force on Grand Challenge 
Communities. She is a Science Commons fellow, a member of the Sigma Xi scientific research 
society, and a member of the AAAS. Her website, which includes talks and publications, is 
http://www.stodden.net, and she occasionally blogs at http://blog.stodden.net. 

Dr. Alex Szalay, Professor, Department of Physics and Astronomy, Johns Hopkins University. Dr. 
Szalay is the Alumni Centennial Professor of Astronomy and a professor in the Department of 
Computer Science at Johns Hopkins University. He is a cosmologist, working on the statistical 
measures of the spatial distribution of galaxies and galaxy formation. Dr. Szalay was born and 
educated in Hungary and has written over 450 papers in various scientific journals, covering 
areas from theoretical cosmology to observational astronomy, spatial statistics, and computer 
science. He is a Corresponding Member of the Hungarian Academy of Sciences and a Fellow of 
the American Academy of Arts and Sciences. Dr. Szalary received an Alexander Von Humboldt 
Award in Physical Sciences in 2004 and a Microsoft Award for Technical Computing in 2008. 
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Dr. Caitlin Trasande, Resident Scientist and Analyst, Nature Publishing Group. Dr. Trasande 
received a B.A. in Philosophy from St. John’s College and a Ph.D. in Neuroscience from the 
University of Chicago in 2004. After serving as a postdoctoral scholar at Yale School of Medicine 
and Mount Sinai School of Medicine, she joined Nature Publishing Group (NPG) as a resident 
scientist and analyst in its technology unit, working on digital content management, special‐
content collections, and content search. From 2007 to 2009 she spearheaded development of a 
science metrics platform. In 2010 she and the science metrics project moved to a new digitally 
focused business unit within Macmillan (NPG’s parent company), codename “Project Babbage.” 

Dr. Evelyne Viegas, Director, Microsoft Research. Dr. Viegas completed a Ph.D. in France. She is 
responsible for the Data Intelligence initiative at Microsoft Research in Redmond, WA. Before her 
present role, Dr. Viegas was a Technical Lead at Microsoft, delivering Natural Language 
Processing components to projects for MSN, Office, and Windows. Before Microsoft, and after 
completing her Ph.D. in France, she worked as a Principal Investigator at the Computing Research 
Laboratory in New Mexico on an ontology‐based Machine Translation project. 

Dr. Gert Wagner, Professor of Economics, Berlin University of Technology. Dr. Wagner received 
a Bachelor’s degree in Economics in 1978 from the Johann Wolfgang Goethe University in 
Frankfurt, Germany, and a Ph.D. from the Berlin University of Technology in 1984. He is a 
professor of Economics at the Berlin University of Technology and a Max Planck Fellow at the 
MPI for Human Development in Berlin. Dr. Wagner is also Director of the German Socio‐
Economic Panel Study (SOEP) at DIW Berlin. He is chairman of the German Census Commission 
and German Council for Social and Economic Data, and he serves on the Advisory Board to 
Statistics Germany. He is a member of the Working Group on Social Sciences and Humanities of 
the European Strategy Forum for Research Infrastructures (ESFRI), the Founding Committee of 
the International Data Forum (IDF), and the Research Resources Board of ESRC/UK. He is 
research fellow of IZA and a Research Associate of CEPR. In 2007, Dr. Wagner was awarded the 
“Knight’s Cross” of the Order of Merit of the Federal Republic of Germany. 

Dr. John Wood, Professor, Imperial College London. Dr. Wood holds Doctoral degrees from 
Cambridge and Sheffield Universities. He is currently senior international relations adviser at 
Imperial College London. He will become the Secretary‐General of the Association of 
Commonwealth Universities in July. Dr. Wood is a non‐executive director of a number of 
companies, including Bio‐Nano Consulting, and sits on the advisory board of the British Library. 
He is on the board of the Joint Information Services Committee, which is responsible for the UK 
academic computing network, and chairs its Support for Research Committee. He also chairs the 
European Commission’s high‐level group on the future management of scientific data. Dr. Wood 
was elected as a fellow of the Royal Academy of Engineering in 1999 and was made a 
Commander of the British Empire in 2007 for “services to science.” 

Workshop Participants from the U.S. National Science Foundation 

Dr. Philip Bogden, Program Officer, Office of Cyberinfrastructure, U.S. National Science 
Foundation. Dr. Bogden holds a B.A. in Engineering and Applied Sciences from Harvard and a 
Ph.D. in Oceanography from Scripps Institution of Oceanography at the University of California, 
San Diego. He is currently the Program Director for the Office of Cyberinfrastructure at the 
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National Science Foundation. Dr. Bogden also holds a position as a Research Professor at the 
Center for Land‐Sea Interactions at the University of New England. Before coming to the NSF, he 
was the CEO of GoMOOS, Inc., a private nonprofit organization with member institutions 
representing a broad array of stakeholders interested in ocean observations. GoMOOS manages 
a multi‐institutional partnership that collects a wide variety of real‐time ocean measurements. 
From 2003 to 2009, Dr. Bogden was also the Acting Director of the Southeastern Universities 
Research Association SURA Coastal Ocean Observing and Prediction (SCOOP) Program. 

Dr. Myron Gutmann, Assistant Director, Directorate for Social, Behavioral & Economic 
Sciences, U.S. National Science Foundation. Dr. Gutmann holds a Ph.D. from Princeton 
University, and he is currently the Assistant Director of the Directorate for Social, Behavioral & 
Economic Sciences at the National Science Foundation. Before his appointment in 2009, Dr. 
Gutmann was the director of the Inter‐University Consortium for Political and Social Research 
and a Research Professor at the Population Studies Center at the University of Michigan, where 
he was also a professor of history. He has a broad range of interests in interdisciplinary historical 
population studies relating population to agriculture, the environment, and health. He also 
studies ways that digital materials can be properly preserved and shared and how the 
confidentiality of research subjects can be protected when data about them is made available for 
secondary use. 

Dr. Julia I. Lane, Program Director, Science of Science & Innovation Policy Program, U.S. 
National Science Foundation. Dr. Lane holds an undergraduate degree in Economics and 
Japanese from Massey University in New Zealand and an M.A. in Statistics and a Ph.D. in 
Economics from the University of Missouri‐Columbia. She is the Program Director of the Science 
of Science & Innovation Policy program at the National Science Foundation. Her previous jobs 
included Senior Vice President and Director, Economics Department at NORC/University of 
Chicago; Director of the Employment Dynamics Program at the Urban Institute; Senior Research 
Fellow at the U.S. Census Bureau; and Assistant, Associate, and Full Professor at American 
University. Dr. Lane has organized over 30 national and international conferences, received 
several national awards, given keynote speeches all over the world, and served on a number of 
national and international advisory boards. She is one of the founders of the LEHD program at 
the Census Bureau, which is the first large‐scale, linked employer‐employee data set in the 
United States. She is also a fellow of the American Statistical Association. 

Dr. Cora Marrett, Assistant Director, Directorate for Education and Human Resources, U.S. 
National Science Foundation. Dr. Marrett received a B.A. from Virginia Union University in 1963, 
an M.A. in 1965, and a Ph.D. in 1968 from the University of Wisconsin, Madison, all in Sociology. 
She served as University of Wisconsin’s senior vice president for academic affairs for 6 years 
before coming to NSF. Before her appointment at the UW System, Dr. Marrett served as senior 
vice chancellor for academic affairs and provost at the University of Massachusetts‐Amherst for 4 
years. She was a member of the UW‐Madison faculty from 1974 to 1997, with appointments in 
sociology and Afro‐American studies. Dr. Marrett advanced from associate professor to full 
professor and was associate chairperson of the Department of Sociology (1988–1991). She was 
affiliated with the Energy Analysis and Policy Program and the Wisconsin Center for Education 
Research. She received an honorary doctorate from Wake Forest University in 1996, and she was 
elected a fellow of the American Academy of Arts and Sciences in 1998 and the American 
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Association for the Advancement of Science in 1996. She is widely published in the field of 
sociology and has held a number of public and professional service positions. 

Dr. Edward H. Seidel, Acting Assistant Director, Directorate for Mathematical & Physical 
Sciences, U.S. National Science Foundation. Dr. Seidel earned a Ph.D. from Yale University in 
Relativistic Astrophysics. He is Acting Assistant Director of the Mathematical and Physical 
Sciences Directorate at the National Science Foundation. Dr. Seidel is a physicist recognized for 
his work on numerical relativity and black holes, as well as in high‐performance and grid 
computing. In June 2008, the National Science Foundation selected Seidel as its director for the 
Office of Cyberinfrastructure (OCI). On 1 September 2008, he began this position, in which he 
oversees advances in supercomputing, high‐speed networking, data storage and software 
development on a national level. He has recently assumed the role of Acting Assistant Director 
for Mathematics and Physical Sciences at NSF. 

Workshop Observers 

Dr. Stefano Bertuzzi, Office of Science Policy, U.S. National Institutes of Health. Dr. Bertuzzi 
received a Ph.D. in Molecular Biotechnology at the Catholic University of Milan, Italy, and after 
postdoctoral training in the Laboratory of Molecular Neurobiology at the Salk Institute in San 
Diego, became a tenured Associate Professor at the Dulbecco Telethon Institute in Milan, Italy. 
Dr. Bertuzzi is responsible for return‐on‐investment analyses in the Office of Science Policy, 
Office of the NIH Director, U.S. Department of Health and Human Services. In this position, Dr. 
Bertuzzi advises the NIH Director on a wide range of health‐science policy matters. He is the 
recipient of several NIH Director’s awards, along with other national and international awards. 

Dr. Rachel Bruce, Innovation Director for Digital Infrastructure, JISC. Dr. Bruce is the Innovation 
Director for Digital Infrastructure. She oversees innovation programs and activities that are 
funded by the Support for Research committee and the Infrastructure and Resources committee. 
These include a number of programs, for example digital preservation, management of research 
data, and geospatial infrastructure and resources. She is concerned with the updating of 
infrastructure for the creation, sharing, and managing of digital resources and related shared 
services, as well as the policy and practices required to improve their reuse and exploitation to 
enhance education and research. 

Ms. Sarah Colon, Research Associate, Japan Science & Technology Agency. Ms. Colon has an 
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her laboratory research, Dr. DiEuliis became a program director at the National Institute of 
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development programs. She directed the development of ORD’s stakeholder surveys and has 
contributed to internal and external evaluation efforts such as bibliometric analysis and 
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member at Iowa State University, where he also held several administrative positions. From 1986 
to 1995 he served as Director of the ISU Computation Center. Under his leadership, ISU became a 
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1986 he served as Chair of the ISU Computer Science Department. Dr. Strawn currently serves as 
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Dr. Edmund (Ned) Talley, Program Director for Channels, Synapses and Circuits, National 
Institute of Neurological Disorders and Stroke, U.S. National Institutes of Health. In 2001, Dr. 
Talley received his Ph.D. from the University of Virginia (UVA), studying the physiology and 
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Research Assistant Professor. He initiated investigations into the CNS functions of two‐pore‐
domain potassium channels, with an emphasis on their modulation by neurotransmitters and 
clinically important drugs. Dr. Talley joined the NINDS in 2005 as a Program Director for 
Channels, Synapses and Circuits. His program at the NINDS is focused on basic research in 
synaptic transmission and neuromodulation. 
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2009–2012,” 
http://www2.warwick.ac.uk/fac/soc/ier/publications/2009/nds_publication_sep09.pdf. 
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Appendix E: List of White Papers from November 12, 2010, 
Workshop 

Author/Title 

Baker, Shenda, et al., “Data‐Enabled Science in the Mathematical and Physical Sciences: Workshop 
Report” 

Börner, Katy, “Briefing Document for Changing the Conduct of Science in the Information Age” 
Conlon, Mike, “The Objects of Science and Their Representation in eScience” 
Elias, Peter, “Digital Technology and the Conduct of Scientific Research” 
European Union, “Riding the Wave: How Europe Can Gain from the Rising Tide of Scientific Data” 
Evans, James, “Identification and the Complex System of Research” 
Fenner, Martin, “White Paper for Changing the Conduct of Science in the Information Age” 
Fenner, Martin, “Scientific Attribution Principles” 
German Data Forum (RatSWD), “RatSWD Working Paper Series No. 150: Recommendations for 

Expanding the Research Infrastructure for the Social, Economic, and Behavioral Sciences” 
Hey, Tony, “Open Access, Open Data, Open Science” 
Hirsh, Haym, “How Do You Cite a Crowd?” 
Lambe, Patrick, “Changing the Conduct of Science in the Information Age: Discussion Points” 
Lauer, Gerhard, “Changing the Conduct of Science in the Information Age: Focusing on Sharing 

Knowledge and Data” 
National Science Board, “Long‐Lived Digital Data Collections: Enabling Research and Education in the 

21st Century” 
Office of Science and Technology Policy, “Harnessing the Power of Digital Data for Science and 

Society” 
Papazoglou, Theodore, “IT‐Based Approaches in Support of ERC’s Mission to Support ‘Frontier 

Research’: First Experiences” 
Pfeiffenberger, Hans, “Focusing on Social Constructs” 
Sauermann, Henry, “Discussion Points for Session 3: Social Constructs; in Particular: Incentives” 
Schutz, Bernard, “Data Access: Digital Technology and Scientific Communities” 
Trasande, Caitlin, and Timo Hannay, “Changing the Conduct of Science: A Publisher’s Perspective” 
Viegas, Evelyne, “Data as an Enabler of Open Innovation: Challenges and Opportunities” 

To access an extended version of this report that includes the workshop participants’ white 
papers, go to: http://www.nsf.gov/publications/pub_summ.jsp?ods_key=oise11003. 
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1. Background and Chnrge 

Science has always been data-driven, but what is changing dramatically is !he amount of data 
with which scientists now engage. 111e !l. lathematical and Physical Sciences (MPS) community 
generates much of this data. Major experiments and facilities are now generating petab)tes of 
data per year that must be distributed globally for analysis. Projects already in devciopment will 
generate much larger volumes ~t f~ster rates, approaching an eXab}1e per week, with exaflop 
computing capacity needed to perfonn the analysis. 

In addition to this growing number of prodigious 111ta generators, virtually all of science is 
becoming data-intensive, with increasing size and/or complexity, even at the level of Pis in 
individual labs. This trend extends beyond l\ IPS disciplines to: biological data; financial, 
conUllercial , and r;:tail data; audio iUld visual data: data assimilation and data fusion; data in the 
humanities and social sciences; web-based data; and governmental data. Virtually all disciplines 
need potent ially radical new ways to manage th is data, as well as major mathematical, statistical, 
and computational advances to utilize these data sets, if the enonliOUS potential scientific 
advances arc to be realized. 

·111is data_crisis facing science and society has been widely recognized (see, e.g. , The DolO 
Delllge, in 111e Econom ist, Feb. 27, 2010, and the many reports listed in Appendix A). But it is 
particularly relevant to the MPS community both because of the SCVCTe challenge, yet enonnous 
potential reward. inherent in dealing with the data-crisis and because much of the solution will 
require fundiUn~'Iltal advances in the data sciences, of which matht:'lllatics and statistics within 
MPS is a highly prominent part. 

Chargf": The MPS Work.~hop on Data-Enabled Science is charg~d with providing 
(1) a high-level assessment of the needs of the MPS conmmnities, including anticipated data 
gcneration. capability and inability to minc the d.1ta for science, strengths and weaknesses of 
cnrrent efforts, and work on developing new algorithms and math~matical approaches; and 
(2) an assessment of the r,,>source requircments for address ing these needs over the next five 
years. 

2. Executive Summary 

To reaiize the e:-1 raordinary potential for scient ific advanc.: inhere"t in the data-crisis, two major 
hurdles n~'\:d to be overcome: (I) Data Management and (2) Scientific Inference from massive or 
complex data. We summarize the major issues involved in each hurdle below~ details and 
eXiUnples are given in later sections. 

Data MUlwgemell(: Handling the enonnity of arriving and soon-to-arrive scientific data requires 
complex and new strategies iUld understandings. Components of this managClllent include: 

• Designing the data collection strategy. 
• Collecting the data from eithCT single or distributed sites. 
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• Preprocessing (if necessary) to keep only the most essential data. 
• Storing tb.:: data, with appropriate m.::ta-data to cnsUI"e usability. 
• Ensuring accessibility of the data by scient ists, possibly through layered distribution of 

the data to multiple sites. 
• Providing platforms and software that enable efficient use of the data by scient ists, as 

well us allowing for capt llr", of the scientists ' post_processing of the data. 
• Ensuring enration and preservation of data. 

Sdellfifu: ilifert!/lce from Mani,'e. or Comple.x Data: There are major challenges in producing 
breakthrough science from massh·e or complex data. Note that we emphasize CQIllplex data in 
this discllssion as well as massive data; what might appear to be of modest size today (e.g. the 
number of genes in the human genome) can cause us severe inferential difficulties as massive 
data when considcration is givcn to complexity (e.g. , the need to considcr the vast mliititudc of 
possible genc Iletworks). A fcw of thc overarehing chal lenges are given here; others arc in later 
sect ions. 

• Scalability is a primary concern; much of sciellc,", today uses · small data' methodologies 
for sciemific inference, stnltegies that are ill-equipped for today·s mass ive or complex 
data. As but one example of the scalability crisis, while many thousands of astronomers 
(and data scientists) have used thc Sloan Digital Sky Survey (SDSS) data collection over 
the past decade, with over 2000 refereed publications (making it one of the most 
scient ifically productive data repositories in the world), nevertheless still less than 10% 
of the SDSS imaging d.lIa ha\·e been retrieved and analyled by individual scient ists. The 
Large S)lloptic Survey Telescope promises to blow this gap wide open, by three orders 
of magnitude, with the acquisition of one SDSS equivalent amolUlt of imaging data each 
and every night for 10 years. Without ad\'lInced data science (mathcmotics/stat istics, data 
mining, Ind machine leanling) algorithms and methodologies tuned to and applied to 
snch a data flood, we cannot hope to reap its ful l scientific discovery potential. 

• 11lcre will be a dynamic tension between the desirability of broadly useable approachcs 
to data-enabled science - across applications and disciplines - ;ll1d the frequent need for 
solutions tailored to a specific selling. 

• Mechanisms for transference of methodologies between disciplines is a major nccd; MPS 
is well-positioned for this, because mathematics and st.at ist ics have traditionally been the 
major disciplines for effecting Silch transfer. 

.. Data-enabled science is not just data exploration and understanding; it is often using the 
science 10 provide the insight thaI unlocks the <l.1ta. (One calUlot find a needle in a 
haystack without k1lowing what a haystack is or a nc.::dlc is.) 

• Understanding how to deal with the multiplicity issue - distinguishing a scientific signal 
from noise, when a large data set is subjected to a massive number of probes - poses a 
major challenge. 

• Fundamental advanccs in the methodology of data-enabled science often require 
awareness of the ent ire spectrum of thc problcm; from the nature of thc data to 
computational issues (e.g. parallcli7..ation) in the final analysis. 

• There is frequently a need for realtime analysis of the incoming data-stream. 
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Ol'crall Reca",mcm/lIIioll 011 DlIIa-Ellllblet/ Sciellce: We urg~ the /1011'S Directorate to obtain 
\'cry signilicanlldditional funding to support d3la-cuabled science. 'nlis funding could he used 
for new d:tta-cnabled science initiati\'cs or to provide targetcd addition:tl support to the MPS 
Divisions for data-enabled science act ivities, support that could be applied to individual 
invcstigator awards, group grants. ecnlcrl:i. and f:lcilities, as the individual Division d~cms moot 
appropriatc. 

• Funding of data-enahk-d science will require the same process care by NSF program 
ofiiccrl:i as funding of interdisciplinary research. 

o Peer r.:\'icw~'TS in all MPS review piUlels should be clearly infomlcd as to the 
unique evaluation metrics that apply to cross-disciplinary DES research proposals, 
wh ich bridge both data sciences (including scientific data management. scientific 
dJtabasc ~search, mathematics/statistics, d'lta mining/machine learning. mId 
visualization) and the traditional physical sciences. 

o Dedie:lIed d3la-enahled science review panels should be utilized when 
appropriate, certainly at the Di"isional Ic"d and possibly at the Dircctorate IcvcL 

o If support is through additional funding to the Divis ions, t.lI'S tracking 
mcchanisms should be developed to i rt~urc acoountability for these targeted funds. 

• Funding should be made available for needed Workforce enhanccmcnts: 
o Suppon d~dieat~d Early CAREER awards for young facult y specifically in DES 

T(search areas. 
o Suppon dedieat~d f~lIowship programs (graduate and postdoctoral) in DES and 

Data Science research areas. lbis would be similar to the NSF Fcllowships for 
Translonnati ve COIllI)utatioual Scknce using Cyhcril1fra~tmcturc (CI TraCS: 
ht1 p :llwww.nsfgol./pubsI2010In~n05S3I n sn 0553. htm ) 

o SIIpport workfor~'e del'elopr11(:nl in can.::en; associaled wilh data handling and 
understanding. 

o Provide stronger DES research support for scientists working within large dat3· 
producing projects dming constmclion, commissioning, and early operations 
phases. This cnabks carly science n!sults from these filcilities specifically Irom 
the people who kllOw the facility and its data the best. 

o Provide REU supplemcnts in data-enabled science. 
o Suppon educational initiati\'cs in dMa-enabled science, including the training of 

computational scientists for scienlific inference with massive :md (.'(jmplc." dab. 
(So:.>;,: section 3.1 for numerous concrete suggestions.) 

ReCflmmemlatio/ls fill Data IHaJlUgemeJlt: 

• For facilitie s. data management is a major (but oftcn wlfuudcd) oomponent of operating 
coots, As part of the overall NSF strategy of funding facility operming coots. dedicated 
data management operating funds should be provided and tracked. This should include 
funding for data management perl:ionnel and software devclopment. 

• Project proposals which deal with massive data should include a data management plan 
consistent with the size. ool1awrativc structure and funding scale ofthc proj~ct. 

o 'n,e plan should address (a~ r<!levant ), meta-data, :tceess, long tenn funding. data 
storage. computational rcqujrcmellt~. mId standards. 

o Data i\ lanagement with massive data rcquirc$ signilicant innovation, and new 
nmnag.::rnent ideas should bc encoumged and supportcd (recognizing they mighl 

, 
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Ol'erall Reca",mem/lIIioll 011 DlIIa-Ellllblet/ Sciellce: We urg~ the /I,IPS Directorate 10 obtain 
\'cry significant ldditional funding to support d3la-cnabkd science_ 'nlis funding conld he used 
for ncw d:tta-cnabled science il1it i:.ti\'O$ or to provide targdcd addition:tl support to the MPS 
Divisions for daL1-cnabkd science act ivities, support that could be applied to individual 
invcstigator awards, group granlS. centers. and f:1eilities, as the individual Division d~ems moot 
appropriate. 

• Funding of data-cnahk-d science will require the same process care by NSF program 
ofiicers as funding of interdisciplinary r~search. 

o Peer r.:\'iew~'TS in afl "·IPS review panels should be clearly infomled as to the 
unique evaluation mdrics that apply to cross-disciplinary DES r.::s.::areh proposals, 
which bridge both data sciences (including scientific data management. scient ific 
dJtabase ~search, mathematics/statistics, d'lta mining/machine learning. mId 
visualization) and the traditional physical sciences. 

o Dedicated d3la-en'Lhled sciene~ review panels should be utilized when 
appropriate, certainly at the Divisional Icvd and pos~ ibly at the Directorate level. 

o If support is through additional fundin g to the Divisions, " 1I'S tracking 
mechanisms should bc developed to irt~ urc accountability for these targeted funds. 

• Fuuding should be made available for lleeded Workforce .::nhanccmenlS: 
o Suppon d~dicat~d Earl y CAREER awards for young faculty specifically in DES 

research areas. 
o Suppon dedicated f~lIows hip programs (graduate and postdoctoral) in DES and 

Data Science research areas. lbis would be similar to the NSF Fcllowships fQr 
Translonnati\'e COIllI)utatiOl1al Sei~nce using Cyhcril1fra~tmctLIJ"C (CI TraCS: 
ht1p:/Iwww_llsfgov/puhs/20 I O!n~n 05S3/ nsn OS S3_ htm) 

o Support workfor~'e del'e loprm:nt in can.::en; associated wilh data handling and 
nnderstanding. 

o Provide stronger DES research support for scientists working within larg.:: data· 
producing projects during coustmct iou, commissioning, aud early oper:ttions 
phases. This enabks early science n!sults from these fileilities speci fi cally Irom 
the poople who kllOw the facility and its data the be~1. 

o Provide REU supplemcnts in data-en:tbled s.::ience. 
o Suppon educational initiati\''::s in dMa-enubled science, including the tmining of 

computational scientists for scientific inference with massive :md cQmplc.x dab_ 
(Sl';.: section 3. 1 for numerOLLS concrete suggest ions.) 

ReCflmml!lItl at iolis fill Data IHtIIlflgl!meJ/t: 

• For faciliti~s. data management is a major (b LII oftcn wlfuudcd) componcnt of opcr3l ing 
coots. As part of the overall NSF strategy of funding faci lity opcrming costs. dcdicatcd 
data management operat ing funds should hi: provided and tracked. This shonld include 
fundin g for data managem.::nt pcrsonn.::1 and softwar.:: development. 

• Project proposals which deal with massive data should inclnde a data management plan 
consistent with th~ size. collaborat ive structure and funding scale of the project. 

o 'nlC plan should addr.::ss (a~ relcvant), mcta-dat:t, :tcc.::ss, long tcn1l funding. data 
storage. computational requjrcmellt~. mId standards. 

o Data /l lanagement with massive data requi res significant innovation, and new 
management ideas should be cncoumg~d and supported (recognizing they might 

, 
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fail). Confcrcnces or othcr vehicles for sharing of data managcmcnt innovations 
across facilities and disciplines should be crcated. 

• NSF should continue to seck mechanisms to ensur.:: that data arising from funded NSF 
projects I;Ie made public (UI a useable fonn) within a reasonabic tiOlc pcriod. 

o Otherwise, reproducibility of scienCll will be at question. 
o Without this mandate, science wil1lose much of this major resource. 

Recomrnt!lldat;um' 011 Scielltijic Illferellce: 111e scope of nceded fundamental advances in using 
massive or complex data for scientific inference is cnornlous. Some of the most urgent needs arc 
listed her;). Others can Ix: found in thc discipline-specific sections. 

• Advances in fundamental mathcmatics and statistics are needed to provide the language, 
structure, and tools for many of the needed mcthodologies for data-enabled scientific 
inference. (See section 3.4.) 

• Algorithmic advances in handling massivc and complex data arc cnlcial, including 
methods of exploiting sPlirsity (e.g., out of a huge lis1 of proteius, only all lUlknown f~w 
may be acth'c in a particular metabolic process), clustering and classification, data 
mining and machine learning (including feature detection and infonnation c)l.1raction), 
Bayesian analysis and ~Iarko" chain Monte Carlo mcthodology, lUlomaly detcetion, 
optimization, and many mon:o 

• Potentially major tools for the characterization and interprctation of massive and complex 
data sets include visualizatiOIl (visual analytics) and citizen sci~ncc (human computation 
or data prOCl!ssing). 

• Data assimilation and lUIcertainty quantification - namcs given to the interface of data 
and computer modeling of processes (simulation_enabled science) - require:; special 
focus as the basis of much real-world prediction (c.g. , of the effects of climate change). 

• Progress in new areas of data_enabled science will require teams consist ing of 
combinations of disciplinary scientists, data-scientists (induding mathematicians, 
statisticians, and machine learners), and computational scientists. Mcchanisms for 
snpport of such teams are needed: the current lllcchanism of occasional joint initiatives 
between divisions is too transient for the future data_enabled science world. 

Of coursC. many of thcSo: issues arise th roughout sciencc_ cngineering and society. TIlcy arc also 
of NSF-widi: importancc and of importance to numerous other agcncies and the nation. We hen: 
primarily highlight MPS issues in data-enabled scicnce, while rcoognizing that solutions to the 
ovcrall problem may well require a coordinated national (and in\emational) effort. 

We also note that MPS developments in data-enabled science will likely be major drivers of 
solutions to d.1ta-enabled science problems in general. The data managcmcnt mcthodologies 
arising frOlll major MPS facilities and thc fundamcntal breakthrollgllS for scientific infercnc~ 
from massivc or complex data that arise through mathematics, statisties, and other ~ IPS 
disciplines will have major impact in other sciences and society. 
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3. Duta-Enabled Science and the MPS Divisions 

3.1 Astronomical Sciences 

While there are a plethora of astronomical research projects for which the access to and 
understanding of large-scale data is critical, exploration of the time-domain is perhaps the most 
r.:volutionary. Facilities now in operation and others planned for thc conling decade will observe 
the night sky systematically, with a cadence ucver befon: aehic\'ed. At this le\'c1 of sampliug 
virtually all stall> in our Galaxy become non-stat ionary, and many will be discovered to bc 
variable in wa~s not previously known. Other variable, episodic, and transient t:'o'c nts-
supernovae, novae, accreting black hol.!S, gamma·ray bursts, gravitatioual microknsing C\'cnts, 
extffiSolar planeury transits, incoming ast~ roids, trans-Neptunian objects-will be recorded at 
rates ]00·] 000 times higher than in the past. 

In orner to make sense of the IOJ to 10' detcct ions of transients per night , and to aid other 
observers in assessing the need for and priority of follow.up observations, analys is and 
probabilist iC classificat ion of evcnts will have to be highly automated. A combination of 
advanced machine learning technologies with hmncdiatc access to e),:taru , distributed, mulli. 
wavelength data will be needed \0 make these assessments and to construct evcnt not ices to be 
autonomously distributed to robotic observatories for near·real·time follow.up. 

"l"ne scient ific implications of these capabilities span all areas of astrophysics: planet fonnation 
and the prevalen~e of extrasolar p lan~1ary systems, stellar evolution and the structure and history 
of our Galaxy, galaxy formation and e'o'olutiOIl. active galaxy phcnomella (quasars. blazars, 
Seyfm galaxies), the distribution of dark matter in galaxies and clusters of galaxies, and the very 
nature of the c()smos on the largest scales. The most important and excit ing astronomical 
disco\'cries of the coming decadc will rely on rescarch 3/ld development in data science 
disciplines (including data managemcI\I, access, integration, mining, alld analysis algorithms) 
that cnnblc rapid infonlmtion extractioll , knowkdge discovery, and scientific decision support 
for real·time astronomical researeh facility operations. 

Specific AsfrOlwmy Data-Ellabled ScieJ/ce ReCOmmelldllliQIIs: 

1. Data man~gc11lel1t 

a. Support core facilit ies at adequate level so that data processing and data management 
art Ilot eroded by other oper-dtional requirements. 

b. Illcorporate data managemcnt planlling from the outset 
c. [>rote~ data managcmellt budgets from hardware cost ovemms 
d. Manage data close to source of expert ise, recogn izing that data management is 

illherently distributed 3/ld that data centers will vary in scale 
e. Adopt romlnunil)"_widc standards for mctadata to facilitate discovery, access, 

integration, and re·use 
i. Illtemat ional VO standards for data collect ions 
ii. Stalldard access protocols 

Ill. r-lal1agcnlCllt of virtual data spaces 
iv. Authenticat ion/authorization as needed 
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f. Close the gaps in astronomical data archiving 
I. Engage private obS~rl'a lories to cstab lish coherent. eommuni ty-acccssibic 

archivc facilities, especially in cases where privatc lacilitics accept NSF 
support for instnulIclllalion and/or lacility augm~ntatiOIl 

II . Capture high-level data products associa ted with peer-reviewed publications 
and manage as community data r.::sourcc with VO-compliant acccss 

iii. [),:: \'c lop stl11t.::gies for 10ng-tcnl1 clll11tion and pr~scrvation of sur\'~y data 
(c.g .. SDSS). perhaps in co llaboration with NSF Datru~ct progntms 

il'. Support creation of advanced data products from archival colkctions (source 
catalogs, cross-matchcd source identifications, parameter extract ion for 
specific types of astronomical objcct~) 

v. Establish programs for digitizatioll of legacy data collections: the 
photographic r~cord (imag~s, spectra) is on the rergc of being lost 

2. Analysis lUld visualization 
a. Invest in new sortware lUld databases aimed at exploi tat ion of large alld distributed 

data co llections 
b. Io. lodemize widely uscd tools. with built_in access to distributed data through VO 

servi,c stlUld a rd~ 

c. Suppon algorithm de\'eloprnent rc13ted to largcldistributed data and scak-up existing 
algorithms 

I. Ch.L~kring and da~silica1ion methods 
ii. Bayesian statistical analysis and Monte Carlo Il"1arl;o\' chain approaches 

iii . Visuali ~a t iOl\ ortargc. many_dimensional data sets 
d. Support interdisciplinary resourccs - moleeular spectral linc databases (astronomy, 

molecular chemistry). atomic spcctT'.lllinc databases (astronomy. atomic physics) 
e. Suppon collaborative research with industry that utilizcs emerging tcchnologies for 

data-intensive science (e.g. , th ~ recent NSF-MitTosoll MOU for data-intensive cloud 
computing: hnD:" "'''' ''' .n~ r. go"Jpuw;f20 I 01 n ~n 0027Jn~n 0027. j ~p ). 

f . Support collaborations among astronomers. statisticians, nHithernaticiallS, and 
computer scientists. The NIH program in infornlatics is a successful model of the 
kind of n.:search objecti\".::s that would be useful m astronomy: 
hnp : /lgra nts.nih. go"'grantsJgu;de/pa- filc~ IPA-06 -094. htm l. 

3. Archival rcsearch 
3. Support PI-based archival r~'Searc h programs through program sol icitations focus.::d 

on 1I$~ of archival d:'la 
I. Archivc-enabled research stands on cqual footing to new observations 

II . Archivc research draws on both ground-bascd and space-b.l sed obsenlat ions 
iii. NSFIl\'ASA co-sponsorship? 

4. Community workshops, oommunication. professional outreach 
a. Support annual CQmmunity workshops that focus 011 DES. Oata Science, Infonnatics. 

and Larg~ Science Oataba.~e l'roject.~ (e.g., LHC, LSST, UClO, 001, NEON). in 
order to develop th~ field, share l es~ons learn cd. offer workforce dC\'cloprncnt 
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opponuuitics. and provide a n:nue for ~ducatil1g thc sc i~ntific community in DES 
r~s~arch_ 

5. Educat ion and public outreach 
a. Work with EHR to support STEM education rescarch programs that focus 011 the 

developmcllt of curricul'l and edllcational programs al Ihe intersection of physical 
~c i;::nces and data sciences. Support for programs thai (a) demonstrate the p;::dagogical 
value of introducing th~ reus.:: and illlalysis of se i;::nt itic data in inquiry-based STD,-I 
learning. (b) promote computational and d,lIa literacy a(TOSS Ille STE~I curriculum. 
and (c) ~"lcouragc education research in the sdence of [e,lming from large data sets 
(hllp: lfscre.c:lrl cton.cdull~~i ngd.'t aO. 

b. Mandatc an outreach component in all major projects and facil i!i~""S - reward 
inno\'ati \"e public uses of mission/project data (e.g. , Citizen Science). Support 
conslll1ction of infrastmcture th,11 r.lcilitatcs the development. sharing, and 
transparenl r'::IISc of dala products that have ped.lgogical value and Ihal serve a broad 
public audience. not ju:;! prof<:ss iOlla l researchers. 

c. Fund tile de\'c1opnKTlt of digital librari es tllat provide a p~'TmanL'1lt r.:pository of data 
science curricula materials (and data sets \"eIl L>d for education usc) for diITeTelll core 
science a.~ a mechanism for easy transfer of DES knowledg.::, data.centric lesson 
plans. and 1\.lI'S-rcJated sciene.: r~'S ult~ to both infonnal ,md fomml education \-em1l:~. 

d_ Fund infonnal science education and human complllation ini ti3til'es that c;."end the 
discovery pot~1lIi:ll of large science data sets (c_g , through Seiencc@ Home or Citizen 
Sci~llCe activities). 

e Fund the development of data science software tools (for data access, manipulation. 
mcasurem"nt. mining, analysis, and visualization) for use in infonnal and fomlal 
educt tion. 

3.2 C hemistr;' 

Data Enahkd Sci~nc~ (DES) uses tcehniques in statistics and high pcrfonn3nce compnting to 
,malYl': complex d.lta ~cts and extract featur.:s ofscientific int~resl. TIleSe complex data scts can 
be very large data sets limn single experiments or IMge collcetions of data i"rom sewral sources. 
In these cases. visualization techniques and data mining procedures ha\'e the potCtltial to 
dramatically increase the rate of scicntific discov.::ry. 

Although chcmistry and materials science typically generate small scale data sets eOlllp:!r~>d to 
field s such as astronomy mId high energy physics. many experiments ar~ beginning to gcnt"Tatc 
s ingltNun data se ts thai cannot be easily anal~'led by conventional techniques. These 
experiments arc usually multidimL1lsional and involve coupling a high throughput chemical 
3nal}'sis technique. like mass spectrometry or broadband spectroscopy, to an excitat ion source 
such as a lasl'T. 'nlese mult i-dimension:!l le chniq\1e~ arc often required to analyz<: complex 
sample mixtures or to examine reactivi ty as a fl11lction of deposited energy. Current techniques 
in the eomhustii)1l and r~actiOll dynamics fi elds, such as Multiplexed Photo-ionization Mass 
Spectrometry. ar~ gcne.-at ing ~ ingl~ -<:xp"rim~nt data ~ct~ on Ihc order or 50 Gil th'lt would 
bcn~fit signific'11ltly from statistically robust visualization methods. 
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Several other areas of chcmical and matcria ls research an; also producing large data sets that will 
continue to ilK:rcase in size and complexity. In particular, molecular dynamics simulalions in 
biochemistry al:d materials science generate large scale computational data from single 
laboratory studies. The usc of graphics process ing units in computational chemistry, for 
example, has lcd to simulations Ihat producc terabytes of computational output per day. There 
are also large data sets in re lated fields of science, such as radio astronomy, that contain 
Iliolecular infomlation that requiri: ncw analysis tools to e:..1rnct the chemically useful 
infonnat ion. 

Finally, several of tile industries that employ chemistry and material science Ph.D:s are rapidly 
pursuing DES strntegies to decrease product de\·elopmcnt cycles. Providing research esperiences 
for graduate students will beoome increasingly importiUlt for preparing young scientists for the 
futuTe workforce. Therefore, despite the "single laboratory" tradi tion of chemistry and material 
science research. issues in DES are already significant in chemistry and will continue to gain 
importance. 

Specw! Needs j(J1" Chemistry alld Material Scit!llCl!! 

As noted above, chemimry and materials science tend to perfonn research in a single.laboratory 
1lI0del. lncr.:asingly, each individual laboratory is generating large scale data sets through either 
computational chemistry, large user facilities (such as SLAC, NIST or ORNL) or higll 
throughput laboralory methods. However, the potentially greater opponunity for DES in these 
fi elds is the combination of research data from all groups in a research discipline. For example, a 
unified spectroscopic database from e!n~fging high throughput spectroscopy methods based on 
frequency comb spectroscopy and direct digi tal spC(:troscopy could ha\'e a major impact on 
n: latcd fields of astronomy, envirOlmlental science, and anal)1ieaJ chemistry that rely on 
chemical idcntifie'ltion by spectroscopy. Efforts are already underway in the computational 
chemistry community to create common data bases to pemlit reuse of these I\.'Suhs (examples 
include iOpenShell (Krylov), the Stmctural Database (Johnson)). Unified collections of 
individual d.1ta sets in materials science and dmg discovery could significantly incr.:ase the rate 
of discovery and add increased value to the individual laboratory data collections. 11le oonccpt 
of unified data sets from whole communities of chemistry represents a major shift ill the single. 
laboratory culture where data is often closely guarded. 

t\ special area of DES with great potential in chemistry and matcrial scicllcc fields is the 
combination of laboratory or facility measur~ments and computational chemistry to provide real· 
time chemical analysis. ~·Iany experiments in chemistry rdy on theoretical analysis or 
computational simulat ion to inte'1'rct the eKpcrimcntal data. In almost all cases in chemistry, 
these tasks are pcrfomled scp.lratcly and ollen by difl'cr<."111 research groups. For example, iUl 
esperimental group will collect the data set and send it to a co ll aborator in computational 
chemistry for analysis. The possibility of closing this loop in real-time would make it possible to 
opt imize experimental conditions in a si ]1gle experimental run aud, therefore, greally decrease 
the time required to perf 0 1111 the crucial experiment to reveal the irnponant chemistry. Oll·the· 
fly analysis methods are also needed to r.:alize the full potentia1 of new techniques like 
broadband spectroscopy using frequency combs or digital electronics. Spectrometers based on 
direct digital spectroscopy will soon be capable of measur.:ment throughput of about I TBlhour 
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(spcrtnnn a.;qui~itiOlls rates of300 spectrals with 1 million data points per spectrum). Coupl ing 
high perfonnance computing to concurrent measuremL"1lts could be used to pcrfonn on-line 
spectral analysis in high throughput analytical systems to enable library-free chemical detection 
and create systems that provide ''sample in - structure out" rea l-time analysis. 

Another area of need for chemists is a lack of standard and compelling visual ization tools. High 
pcrfonnanre computing tools and software that provide \~sua1ization of chemical models, 
proc.::sses and stm.::turcs should b.:: developed. NSF should provide funds to support both the 
people who develop the computational interfaces and software as well as the hardware to handle 
the data manipulation. ~Iuch of the massive data generated with local and faci lity 
inslmmentation is co llected in phase space and frequCllcy, and needs to be converted into real 
space and realtime. With appropriate software and algoritiuns, visualization of the r.::al structure 
and dynamic modes and paltcms emerging from the data can be obser .... ed and interpreted. In 
addition, science is bener communicated to the public and as an educational tool through visual 
representation of interprcted data. 

SpecifIC Chemistry DattrEllObJed SCU!IIa'! RecomnumdatwlU: 

Thc NSF should dcvelop funding opportunitics that providc inccntivcs for rescarch communities 
in chemistry and materials science 10 reach agreements on d.1ta sharing protocols, including data 
fonnalS and associated meta data. ·These programs will need 10 include continued support for 
curating and validating the data collections so that users within Ihe research community and 
outs ide the direct community trust the content, sccurity, and futur.:: accessibility of the collection. 
Additional support 10 develop discipline-specific software tools, perhaps through collaborative 
research opponlilities in math, stat istics, and computer-related disciplines. to navigale and mine 
the data sets will also be required. illSlmmCTIt devdopment that cmphasizes real-time data 
analysis and visuali:£ation through the integration of high-perfonnance CQmputing with state-of-
the-art instrumentation should be encouraged. TIle NSF should also support interdisciplinary 
educational opportunities thattr.un cilt!mistry and material science students in dala-related fields 
to belief prepare thcm for future opportunities in industry and government positions. 

3.3 Materials Resea rch 

111e frontiers of computational materials science research, supported within the Condensed-
Matler and Materials Theory and ~bterials Ch<:mistry ar<:8S, acr driven by Dala-Enabled Science 
(DES). DES within matcrials CQmmunity constitutes a necessary "fourth paradigm" with in the 
now-standard theory, experiment, and computational simulations paradigm defining our modem 
research and discovcry. While the comlllunity has ex1ensive efforts in a number of challenges, 
supported by varions NSF programs, in high-perfomlancc computing, algorithmic dc\·elopmcnts, 
computer-architoctuTl: utilization, e.g., GPU and vector acrclcrators, DES is at the heart of 
critical-need materials de'lelopment and of challcnges in understanding of complex materials 
SystCllIS. Large.data sets and data.mining critical inforolation from that data (e.g., intrillsie 
CQITdations betwecn stmclure and property) are increasingly importanl in materials science and 
engineering, and increasingly necessary for breakthroughs. Managing, storing, sharing, 
utilization and visualizing these dala fronl diverse materials areas require new approach!!!! and 
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nell' devdOJlmenL~ in eyberinfrastmctnre. and, eSJleeially. a huge cultural change wilhin the 
community and from other critical communities thm wi ll hal'e great impact 011 DES sucC\!ss in 
the materials community, such as critical computcr science experts in the dntnbllSc research and 
archiUcturc arcn.1S. In addition, although materials data often is more heterogeneous than other 
areas. the material~ community can bendit in DES from advances made in olher cornrnunitiC!;. 
snch as biomedical database (sec. e.g., hnp:/1\'1 .:<: .orglsbe«) and the Sloan Digital Sky Survey 
(h ttp ://'\'ww.~d~< . or!!). as well as lrom tools dC"cloped to describe, manage. archive. and 
disseminate data, such as 1'.'latDL Pathway (http://www.matdl.orn). an effort that, nonetheless. 
did not solve workflow in-lie)'. and the materi,l ls community'S data remains an afterthought. 
Other cri tical ar(1IS are data prOVen,ILICe ,\lid data security, while providing an open r~source for 
NSF,supported s.:iencc efforts. 

Cmrcntly, standard workflow is a bottleneck to progress; namely, thcre is limitl-d sharing of data 
and data products. Data is provided on ·'need·to·know"' bllSis, peer·to-peer sharing diOicult 
(learning CIIl've b~ween groups), no meaningful relationships between files and data products 
(need for meta-data and workflow). data lost over time (storage and managcmcnt) or \ILlable to be 
found or searched except by peTlion who gcnl"Tatcd them (unusable but e.\isting data). 

111ere has be~n a vision d~\'doping O\'er recent year.<; . referT<~d to as Integrated Compmational 
Matcnals Engincning (lClvIE) in recent NAE report~, where computationally·dr;ven materials 
developments is a con: activity of material sckntists and engineering in coming decades. along 
with standard expcnmentally.driven l113terials engineering. As such, hoth data from compUiatioll 
and simubtion r~scarch and e:>1perimcnt arc criticaL Certainly, there may no "one.stop·· solution 
for the cntirc community, HOII"e\'er. even having research groups with similar applications and 
data nccdcd could provide a "local community" elTon with much mort: robust dnta access and 
management with useful tools to enh~nee DES for their entirc eonul1I1nity (sharcd resoun:e and 
dcvelopment). Overall. most of the mnterials community desired an easy, searehable access to 
full research product an)1ime and from anywhere. so as to provide CQlIaborations with semnlcss 
and protected !haring of d,lIa and metad.1ta. Data repositoril'S require new advances in 
cybeTliecurity and large-scale networking for geographically dispeTlie t'Ollaborations. 

11ms. from the NAE report, the ICME cybcrinfrastnK:ture will be the cnabling [rmncwork for 
DES :ILld DisCQ\'ery. including librar ies or materia ls models, experimental d.1t3. sollware tools. 
datamining tools. To accomplish this task, the creation of accepted ta.xonomy, infomlatics 
teclUlology. as "dl as materials databases with opcn access is ~ssentia1. "J-:nowledgc Bases" aTe 
the key to captul\!, curate and ,U"chive iufomlation to succeed with the vision for ICME. 

To aCCQmplish thesc needs, the cultural mllst be chml gL'S , as there is no cultur~ for massive 
datasharing, and no incent ivcs from funding agencies for sharing. Multi·agencies issues. as 
opposed to NIH modcl. means tlmt funding .\IId coordination arc modest for needed 
cyberinrrastmctur .. (database. securi ty, cllf:ltion. etc.). III addit ion, the cuhur~ to support cross· 
disciplinary dc\".lopm~"11t$ for DES in materials science is cri tical. For e,'(amp l ~, recent f'Uld,ng 
calls within NSF certainly pemliUt-d databa.~e develop elTorts. Howevcr, reviewer.; from the 
databa;;e research mId architecture within cOlllpUlcr·science often found the dnlabase research 
"not grollndhrcaking", while acknowledging that the impact on Ihe DES materials side would be 
significant. eITcctivdy killing any fWlding possibility. Changing the mindset ami the cultural to 
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pernl;t cross-di&ciphnary support for DES in matcrials science based on coordinated 
developments wIth critical computer sdence research. which are often e",raordinari ly usefu l for 
real DES but not "not groundbrcaking database research", is a critical need (or success. 

3.4 Mathematka l Sdences 

The era of data-enabled science (DES) opens up e;>;:eiting research (ront iers for the Division of 
~-Jathematica l Scit:nces, even as it poses enorniOUS challenges. lbc challenges can be classified 
into at least three broad categories: ( 1) e;>;:tcnding existing theory :Uld algorithmic tedmiqucs to 
new scales and new applications, whcr~ current methods b..'Com~ bonlcnecks, (2) developing 
new theord ical approachcs ruld algoritiuns and demonstrating them on benchmark problems, (3) 
collaborating on real-world applications with domain experts in science, engineering, and policy 
making, where the availability of new types alld quantities of data offers the hope of scientific 
breakthroughs. 

TIlere arc nHulY fresh technical results in basic disciplines such as linear algebra (e.g. , tensor 
orthogonal decompositions), appro).: imation theory and hannonic analysis (e.g., sparsily and 
customized basis sets), 3f]d stalistics (e.g. , Ihe revival in Bay..."ian anal ysis) rclatiw to the 
research agenda discussed herein, but technical detai ls are nOI featured al the high le\'el of this 
discussion. Some key wncepts are low-dimensional representation of formally high-dimensional 
data sets, low C<lmplexity algorithms that arc much less cxpensi \'e in storage requirements and 
nllUJ ing time Ihan tradilional algorilhms (e\'.:n slIblinear in dala set size) while mainlaining 
sufficient accuracy, and once-through streanling of the input data scI. 

Data-t nablcd science has been called "fourth paradigm" in apposition to thc historically 
dominant paradigms for scientific discO\'ery, engineering design, and decisioll snpport of IheQry 
and experiment, and the recently rapidly developed ''third paradigm" ofsimulal iOIl. TIlCOry and 
simulation are based on physical models Ihat C3f] be mathcmatized. Expcrimentat ioll is model-
driven. In contrast, some data- intcnsiyc approaches effecti \·cly predict outputs of a system 
wirham the requirement of models representing the dynamics of the system. which makes these 
approaches very inleresting for fronli er science. Of course, there are deep mathenlalical models 
underlying discovery techniques for d1ta sets that make th is predictive power possiblc, ewn if 
the system dynamics are unknown. Such approaches depend upon large volumes of data (system 
history) and are increasingly intt'T"Csling as humans collect data from senson!, satellites, 
sophislicated experiments, and records of their own act ivily. TIle slatislical and mathematical 
lools underlying machine learning and dimension reduction techniques of all kinds must be 
percolated into low~r levels oflhe cwTicuhull, to train data profi cient scientists in anticipation of 
a profound shill of research resources inlo data-enabled science in the future. 

The value of d:lla on a "pcr b)tc" basis often incrcases with the availabil ity of more data for 
context. Ovcrlays of different types of data (e.g. C<l m:lation of multip le measurements in 
experiments, of multiple diagnostics in medicine, or of mull iple indices in geographical 
infonnation systems) offer insights thai are nOI available from tile same data cOllsidered 
separalely. Discrete malhematics Can play a key role hcre, in tenus of infOmlatioll relricval and 
associali ve databases. 

\3 
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Data-enabled science is inten:sting on its OWI1, but even more il1tL'Testing in combination with 
simulatioll-el1abled science. The laner is limited by modelil1g errors (amollg other limitat ions) 
while data-based methods arc limited by observational or e:o.:perimental error (among other 
limitations), which can b;; profound in leading edge sei;;ntific experiments in which the signals 
of interest are weak or rare in the midst of noise. Together, through methods like data 
ass imilat ion and parameter invers ion, these tWO ugly parents can have a beautiful child, the 
limitat ions of each being reduced by b.::ing taken together. Moreover, real-time data-enabled 
scientific discovery can be aided by the simulation informing the experimental or observational 
process aoout where to concentrate effort (optimal sensor placement). This s}T1t:Tgism is rarely 
e:o.:ploitcd tod.,y because of the two worlds, are discolmeCled in temlS of practitioners, software-
hardwafl) interfaces, and the compute-intel1sivcness of doing the assimilation and steering. 

A major challenge for mathematical scientists is to winnow massive data sets and represent them 
sparsely, for eomput ing and storage purposes. Sometimes, loss in compression cannot bc 
tolerated for scientific or Icgal reasons, but raw large-scale data scts can often be reduced by 
order.s of magnitude in bulk without negative implications and there is a premium OIl perfonning 
this reduction and working in the '"right basis" for many reasons, as we become deluged by data. 
The acquisit ion cost of large.scale computers is in the data memory and the oper3tion cost of 
targe-scale machines is in moving the data around, not manipulating it arithmetical1y. Moreo\"~r, 
VO rates lag processing rates, putting an operational premium on minimizing 110 beyond the 
budgetary premiums. 

111e Division of ~lathcmat i cal Scienees hali natural paMnCTS beyond the scient ific divisions of the 
MPS DiT\":ctorat~, in other parts of the foundation and beyond. Other rescarch-intensh'e 
agencies (e.g., DoD, ooE, NASA, NIH, N1ST) and mission ag~neies (e.g. , AHRQ, BEA, BJS, 
BLS, BTS, Census, EIA, EPA, IRS, NASS, NCES, NCBS, OMS) are awash in data Ihat Ileed to 
be gathered. cUTJted archived,. tumed imo useful infonnmion. and applied. Needed from OMS 
are abstractions, algorithms, and soflware tools to: characterize and improve data quality, to trade 
oIT cost and data quality, to link multiple databases, and to analyle. In some instances, pri V3Cy 
and confidentiality are major eoncerns. OMS rescarchers can contribute to tools to hlUld1e Icgaey 
data and ncw forms of data (audio, images, \'ideo). DlI.lS researchers must also be IIwolved in 
developing mcans of quantifying uncertainty, and means of cOlllmunicating lUlcertainty to the 
public and to policy makers. The mathematics of risk analysis 11IuSI be devclopcd to accOlllpany 
the emergence of d1ta·enabled science 

While considerable opportunities pres~'Ilt themselves for matllematicilUls and stat ist icians to 
embed themselves in applications, long.term curiosi ty_driven research in data science must also 
be encouraged. History shows that the fruits of curiosity-driven T"L'Search in the mathcmatical 
sciences are plucked by applications, at unpredictable intervals following their ill\·ention. 
Outside of the scientific realm, infomlation management has grown to bo:: a $100 Billion 
busiuess, so spillofl"s from data·enabled discovery cau lead to huge nll.hiplier.s in 
competitiveness. 

In summary, mathematics and statistics lie at the intersection of all quanti tative fields engaged in 
DES, through the powcr of their abstractions, and they swilUy convey breakthroughs in one field 
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into related ones. Individuals in DMS are often involved with the frontiers of DES both 
internally to the discipline and in interdisciplinary contexts. Growing numbers in the 
mathematical sciences community wish to be involved in DES problems, which has led to some 
of the most innovative, prize-winning developments in mathematics and statistics in recent years 
and some of the greatest fun. Impediments to be addressed by MPSAC could include the 
difficulty of securing postdoctoral funding (especially in statistics) and limited opportunities for 
interdisciplinary engagements as co-PIs on project proposals to NSF, since projects that are truly 
collaborative may present particular challenges to review panels. 

3.5 Physics 

Large data sets are a familiar component of physics research. In recent years, LIGO has acquired 
about two petabytes of data. With the Large Hadron Collider (LHC) reaching interesting beam 
energies, particle physics is preparing for the impending data tsunami which will generate about 
700 MB of data per second. And this does not include simulated data, which could easily double 
or triple the data rate. 

These big experiments are not the only data-enabled physics, however. The ability to simulate 
complex physical systems is also advancing rapidly. The output of these simulations will grow in 
size and complexity as more physics is included in the simulations. Moreover, single 
investigator experimental programs can easily acquire large amounts of data and many would 
benefit from better algorithm, software, and even data sharing formats. 

The scientific pay-off of these data-intensive projects is bounded by the ability to process and 
analyze the data at the rate they are acquired. 

Case Study I: Gravitational-wave Astronomy (LIGO) 

The scientific pay-off of LIGO is bounded by the ability to process and analyze the data at the 
rate they are acquired. Over the past decade, LIGO has acquired 2 petabytes of data. The 
scientific collaboration adopted an hierarchical grid model for data storage and computation in 
which raw data is archived in Tier-O data centers and centrally aggregated to a Tier 1 from which 
reduced data is moved to Tier-2 (regional compute centers) and Tier-3 (university compute 
centers). A similar structure has been adopted by the LHC experiments. 

Over the next five years, the Advanced LIGO instrumentats (aLi GO) will be installed and begin 
operating. LIGO has partnered with Virgo, a French-Italian gravitational-wave detector project, 
and with GEO, a British-German detector project, to form a global network of gravitational-
wave detectors. The goals of aLIGO are to test relativistic gravity and to develop gravitational-
wave detection as an astronomical probe. aLIGO operations will span the transition from rare 
detections to routine astronomical observations. In stable operations, aLIGO will generate about 
1 PB of raw data per year which needs to be replicated between the geographically distributed 
observatories and the compute centers at the same rate as it is acquired. A number of processed 
data products are planned including reduced data sets for scientific analysis, event databases, and 
astronomical alerts when transient events are identified. Robust online and omine data handling 
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and analysis capabilities are required. Pipelines generating transient alerts & data quality 
infonnation within seconds of data acquisition are also needed. Careful attention must be paid to 
interfaces between control/diagnostic systems, data acquisition systems, and processing systems 
to ensure robust operations of the low-latency system. The data will be re-processed omine for 
transients including deeper searches, enhanced data quality generation, searches for continuous 
and stochastic signals, parameter estimation, and simulations. 

To achieve the science goals, four aspects of data processing and analysis must be supported: 1) 
storage and compute resources including both hardware and personnel, 2) development, 
enhancement and support of middleware and services including data discovery and replication, 
database of events and data quality, authentication/authorization, monitoring, 3) development, 
enhancement and support of software to provide access and core algorithms, 4) development and 
prototyping algorithms and pipelines to identify signals to identify correlations with the 
environment and auxiliary systems. This requires support of discipline specific scientists, 
mathematicians, statisticians, and computational scientists. 

Case Study II: Large Hadron Collider 

On March 30, 2010, with the first 7 TeV proton-proton collisions at the LHC, high energy 
physics entered an era in which data sets are expected to grow to more than 10 PB/year within a 
few years. Particle physicists are now, in effect, running two sets of experiments simultaneously: 
one to search for new physics that could change our view of nature and the other to test whether 
or not the newly created cyber infrastructure, the Worldwide LHC Computing Grid (WLCG), 
works effectively under highly stressed real-world situations. The goal of the WLCG is to 
provide physicists controled, and timely, access to approximately 100,000 processors, housed in 
170 computer centers in 40 countries. 

In a typical analysis in high energy physics, physicists compare observations with background 
models that have been validated using real data. In addition, the same data may be compared 
with various models of potential new physics. These signal models typically depend on several 
parameters. For example, the simplest supersymmetric (SUSY) models require the specification 
of 5 to 6 parameters, B, in order to define the models completely and thereby allow for prediction 
of the expected signal s ~ f( B). In dealing with such models, physicists are faced with at least two 
problems: 1) the functionf( B) is typically not known explcitly, but only implicitly through semi-
analytical calculations that involve simulation, and 2) to test such models effectively, analyses 
need to be optimized at multiple parameter points B. This requires the simulation, at each 
parameter point, of hundreds of thousands to millions of proton-proton collision events. In the 
simplest cases, each of these optimized analyses would be applied to the real data yielding N 
events that satisfy certain cuts. Even for a simple count-based analysis, such as we are 
describing, which reduces the raw data to a set of (correlated) counts {N} and the associated set 
of background estimates {B}, the computational burden of perfonning scientific inference for a 
multi-dimensonal parameter B is very large, especially if Bayesian methods are used. Moreover, 
the entire procedure, in principle, must be repeated for every class of models to be tested. At 
present the software codes to execute such analyses are developed by teams of physicists in ways 
that may be not be optimal in tenns of resources needed and the timeliness of results. New 
algorithms will be needed to scale up, or more likely replace, existing practice. 
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Spedfu; Need~' of tile PhJ'sics Commlllli(" 

A. Need for date storage and complltational faCilities: The experimental gravitational-wave and 
particle physics communities have de\'eloped an hiernrchical grid model for data storage and 
computation in which raw data is archh'ed in Tier-O data centers aud reduced data is moved to 
Ti(''1"-2 (regional compute centers) and Ticr-) (unh'ersity compute centcrs). 11lis hierurchical 
distribution of data and computing resources is an extrcmely effective way of insuring thc data 
can be easily accessed and used by the physicists. It is clear that a similar hiernrchical approach 
is necd.:.>d to support the simulation community which r.:quires a runge of computational facil ities 
that allow rapid prototyping and debugging in addition to the larger compute centers which 
provide the resources for high-I\.'Solution and large scale simulations. Ideally, there would be a 
sceT1lless migration from rapid prototyping to the execution of a large-scale analysis. 111is is not 
the case at present. 

B. Need for Sllpport personnel: The prQ(:css ing and analysis of large data sets requires software 
and ser .... ic.:;s to al low scientists to extract the maximum scienti fic pay-off. Among the activities 
that need to be supported are authenticat iOll and authorization servic(.""S, help desk support, 
sof\war<: build and test faciliti es, monitoring of storage and computational 1"C!;0urccs, data 
repl ication and movemcnt, data and metadata capture services, data mining tools and 
visualization. To dclivcr high qn:llity, enabling products rcquil\.>S a combination of discipline 
specific scientis1s, software engineers, and progranllllers. For large e),;pcrimenlS." a reasonable 
mle of thumb is that suppon for these activities requires about 10% of the operating costs of the 
efl'ort. It is imponant to note that the full release of data which have been processed to remove 
artifacts goes b~yond this scope and llIay n:quire Hll additional 10% of the opcrruing eosu> to 
support . 

C. Need for $lIpporr of interdi$ciplinary research activities: Algorithm and application 
development needs vary according to the specific activity b.:ing undertaken. With the cxplosion 
of data from experiments and simulat ions, there is an urgent need ror collaborations between 
physicists, mathl"lllaticians, statisticians and computer scientists. 
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Appendix A - Natiuna l Study Gru ups Face the Ollta Fluud 

Several national study groups have issued r.::ports on the urgency of establishing scientific and 
educational progmms to face the data nood ehal1eng.::s. including: 
I. National Academie~ report: Blls of Power: Issues in Global Access /0 Scientific Da/a. (1997) 

downloaded from hIlP:flwww.nap.cdu/catalog.php?l\.X'ord id- 5504 
2. NSF T~port: K'lowledge Lost in In/orlllation: Research Directions [or Digital Libraries. (2003) 

downloaded from http ;lIwww.~j~.pill.edu/-dl\\"kshopln.Port.pdr 

3. NSF T!!port: C"berinfrastm c/urefor Environmental Research and Education, (2003) 
down loaded from http://www.ncar. ucar.edulc\'herfc\"berr~port.pdf 

4. NSF Atkin~ Report: Revoilitioni:ing Science & Engineering Throllgh Cyberinfraslmct llre: 
Report of the VSF Bille-Ribbon Advisory Pane! on Cyberinfrastl1lctllre. (2003) downloaded 
from Intp·/lw\\'\v.nsfgov/od/ocilrevorts latkins.pdf 

5. NSI3 (N"lional Science J3<:,ard) report: Long.lived Digital Data Collections: Enabling 
Re~·etl/·ch and Educalion in the 21st Cen/IaY. (2005) downloaded from 
hltp:/lwww.n, f.gov/mhldocl lmo:-nts/200' /LLDDC report .pdf 

6. NSF report with the Computing Research Association: CyberinfrwlnlClUrefOl" Edllcatian and 
Learningfar the Fu ture: A Vi$ion and Re$earch Agenda, (200S) downlo"ded fmm 
http : //www.cm.org!rcpo"slcvb~rinlraslmcl llrc. pdf 

7, NSF r.::pon: The Role of Academic Ubraries in the Digital Data Universe. (2006) downloaded 
from http://www.arl.oT!!.ibm- doc/digd.1t.IT t.r>df 

8. National Research Council. National Academ ies Press report: Learning to Think Spo/ially. 
(2006) downloaded from hnp:llwww.nap.cdu/calalog.php?record id= 110 19 

9. NSF r~port : Cyberinfrastnlc/llre Vision for 21s1 Century Discovery. (2007) downloaded from 
hllp : flwww.n~f.go"/odloc ;/ei v5 .pdf 

10. JISCfNSF Workshop report on Data-Driven Science & Repositories (2007) downloaded from 
h!tp ; lIw\\"w.s i ~,pitl.eduf-rcp\\'hhopINSF· J!SC-rcport . [ldr 

I I . OOE (Th:panment of Ent"'Tgy) report: Visllu!i:a/ion and Knowledge Discovery: Report from 
the DOEiASCR Workshop on Visual AnlIly$is and Data Exploration al Extreme Scale. (2007) 
downloaded from hllp;lIwww.sc.doc . govll\S~"'T/I'rognlln1>oclirnenL~lDoc~IDOE-V i Sl~l!ization· 
Report-2007,[!df 

12. OOE n::port :Mathl!maticsfor AnalyJis ofPe/ascale Data Workshop Report, (2008) 
downloaded fmlll 
hllp:/lwww.sc.d<x.gov/asqll.rol!ram [)(>cnrnen tsfl )oc ~IPct'l scale Data Work.~hopRc[!Ort. pdf 

13. NSTC Interagency Working Group on Digital Data report: Hamessing the POlrerofDigllal 
Data far Science and Society. (2009) dOlmloadcd from 
http ; /lw\\"w.nitrd.gov/ahoutlHam~s~ing Power Weh.pdf 

14. National Academies r~'Port: Ensllring the Integrity. Accessibility. and Stewardship of 
Research Daw in the Digi/al Age. (2009) downloaded from 
http·/lwww.nar.edulp lalog.[!hr?record id- 12615 
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Rridillg llocumelll for "Clmllgillg llie Contlue! of Srielice ill tlie Iliforll1:llioll Age" 
NS.' Workshop On Ap"iI26, 201{) 

Katy &'Jmor. {",/imla U"iwrsify. kao@lmdiana .• <i, 

( I) Ope lily l , cce~ibll- tllll li 

Repli~.bilily isa tlIllmm of science. Those communitle< of science whICh embrnce sha red data(and 
softw..-e) repositories l/Iri •. e. S<;iSIP res.:orcher.. frequently work with "for-pay" daiS rrem Thomson 
Reuters or EIS<''{ier or proprietary download data, e.g" Me.'<IlI". and hence omnoI share Iheir data. Many 81", 
use proprietary tools and few share code (iltaJ:~" aboul 5-10 limes moceefforulimelfunding to gen<!1Ite and 
document code thai can be sharedireused), Consequently. it is impossible forathers \0 replicale. seriously 
rev iew, or lII1pr.>Ve rnulu . 

There an: a nunbcr of cfl"ats that support 
fe<.l=:c<.l ""arch Over one or multiple, dc-identified or not dc-identified data holdings ami 
raw data download asdump in structun:d formats, 

AnIons them are 
CiteSeer, hnpJ/eilcseer.<.ist rnu.edu 
NanoBonk. hllp;/lwww.nanobank.org 
Scholarly Database, hup:lfsdb .• hs.in<lI ana edu 
N~F awards. hUp'llwww nsf gov/award§l;arcb 
NUl a" 'ards, bnp·/lproj ... u eporter ni h 8""" 
Data .gov_ hltp,/lwww data gov 

"rho Scholarly o-~taba>t (SOH) OlIW'//&lb §Ij§ jnslj]Dil «10 3tlndiana University supports f<:<lerated 
search OVer 23.000.000 MEDLINE papers, USPTO palents. NSF awards. and NIH awanls.Io.:lalCrung 
reconk can be downl<:<Ukd "" (;><,' file but "lso in nrl"'QTk form"t. e.g., oo-au\hor, co-in"""tig~tor, co-
in",;n lOr, patent ci!.'1tion ""t"'<:.-ko,.nd f<rmats suitable foo- bunt analy.i . in the l-.T\VB Tool 
fbttp"lInwb * slOdiana (SI0 and Sci2 Tool fbnn'ifsCj 1hz mdlana cdul In April 2010. SOB hitS morel"'n 
220 regl<len."<lIl'lC~ from 26 counu",~on 5 continrnL •. We 8f~ '"..,., pn:.lC<'''' of ""po<ln& the SDB datae.eL. 
10 the Stmanlic Web a$ Linked Open Data. 

Tl~ \/IVO J\"aliOlI3I R ..... ar . h.r J\". twork (bun"Iv ,,'owcb.ON) will soa-1 expose high quality p<-'<lple data 
frern systems oireoord{lIum.n Resource, Sp<JI'IOI'ed R"""ardl. Cour<e databases from academ IC and 
government institUlions)to LInked ap.n Dal". 

Linkt-d Open l>ata CLOD) (httrl'll] in};eddRta org) is releV8JI11O Ihis NSF worbhop as it milk"" many 
datasets openly available In a >tructun:d ami interlinked form . However, before LOD can be used for 
SciSll'sludic:s.. ilneeds 10 be known who isexjlOSJng what dalll semanlically. exactly what data is exposed. 
and what linkaics e.~ist . The ]lfO\'cnancc trai l. i.e.. what dalll came from what source ami what 
changcslunificatioosllinkages Were made, nc«ls to be doclIITIClilcd in an audible fashion. Below I provide a 
listing of the kinds of data I/othcrs nced 10 Wldersland logc"\h;: r Wilh sample d.11& fonnats, 

P«Jple that "",,.., {.OD 
Name I Instilution I ConL'ICI infoJemail l GMlocalion (ZIP if In Us, citY+CClllltry otherwiS<') 

{)QUJ.wts 

D<tta.set Name I 0 1'1&,",,1 Soor~e I URI. I Ii Records I LInk 10 raw data sample I Ontologyl<1rucrure/dats 
dictionary I topic cO\·crag., e.g" mediCine. CS I Type. c.g .. patenls.. fWl<ling. genes I Available In LOD .inc. 
when? 
Arc there also ((ril·atil'e d,1lasets in LOD? For e.'OImple dal3sds lhal add ad<!ili<mal (caleublcd) I'alu~s or 
Wlify ""mes.. g(oiocation$, de? 

http://www.data.gov
mailto:katy@indiana.edu
http://www.nsf.gov/cgi-bin/good-bye?http://citeseerx.ist.psu.edu
http://www.nsf.gov/cgi-bin/good-bye?http://citeseerx.ist.psu.edu
http://www.nsf.gov/cgi-bin/good-bye?http://citeseerx.ist.psu.edu/
http://www.nsf.gov/awardsearch
http://www.nsf.gov/cgi-bin/good-bye?http://sdb.slis.indiana.edu
http://projectreporter.nih.gov
http://www.nsf.gov/cgi-bin/good-bye?http://sdb.slis.indiana.edu
http://www.nsf.gov/cgi-bin/good-bye?http://sci.slis.indiana.edu
http://www.data
http://www.nsf.gov/cgi-bin/good-bye?http://www.nanobank.org
http://www.nsf.gov/cgi-bin/good-bye?http://linkeddata.org
http://www.nsf.gov/cgi-bin/good-bye?http://vivoweb.org
http://www.nsf.gov/cgi-bin/good-bye?http://nwb.slis.indiana.edu
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S~"';CIIS 
Th~ number of ... rviecs that USC a LaD dataset is a major indictor of its quality, reliability, and utility 
WhattooW$CI\'iccs USC what dalas<1S1 
Ser.';ce Name I URL I Type offunclionality 1 Available since when? 

PMplt-Dala Lm/:agis 
A listills of 
People Name I Dlltas.t Name 
Tltis will sh.ow wOO contribute. how many dal.3SctS but also what datasclS 3/e servcd by multiple parties. 

Data-lJata Li1l/:agn 
DIIl.aUt Name II Dataset Name 21 Mapped cJasscsIattributesl~nkagcs., etc_ I #matches III r~oords in Dataset 
I I ~ reoord. in Dataset 2 
One row per m.pping 

Data-Se,,';c;s Linkages 
Dat:=t Name I ScrviC(' Name 

If \his information can be acquired for 1.00 and non·LOD mils then we can ma].:c informed de<;is;ons on 
wltat dala to tIS< for what type ofSciSIl' study 

(2) Eled runlfl tll y affessiblt' publinl lio lls 

Plea.«e see (I) oot 1 !>tliew We n«d mor_ than publicatto"-~ for SciSfP research. w~ need inform"lIon on 
the input (eg_. funding. p<!licil:$.jobs) and the output (e.g.. publications. patents, dal""'!$, software, toob, 
lesources, e:<pei'lisc) of :scicllCe. TltlS information is commonly stored in data silos, Howe'-er, we n«d 10 
know. e g., wlolt stU<knlSlPost~sl8ffand fundingono faculty member amacted and whal output sihe 
produ.;ed, Hence. the linkage offWldi~ 10 publicalions(as provided in NIl", Rd'ORTER and soon 
available for NSF data), the ARRA required reportinB of jobs in academe (bt\[!'lIwwwrscRl'CO' gQY)' or 
individualleve1data on people soon a.'ailable via VIVO to name just a few ro\e.'am datasets. aN essential. 

(3) Digitally Idl'ntiliablt, sd cntists 

A recent )-,,'111 Workshop 0Il/&mtijiersandDisambi8"<JtiOl! in Scholarly Work at the Urnversity of Florida. 
GaiMsville, Fl«ida on Marclt 18.1 9,2010 (httP '''SS;imar>:<prgIfiAtJrnre\ingIJOO31Xf)idenllfiedan 
impressive ... t of different identifIers and data structlSes that are currently used Of pl""""d to describe 
"p<"P!e", 

Genom! an:! sch.oJarly identifiers comprise: FOAl'. Open/D, Federated identity manag.m~nl. 
lnCommon, M«Ipcdia , ORCID, VlAF,lvlarc Authority !2, CV LallI:$. ISNI, IIlItional identIfication number 
scheme. Concept WikiM'ikiPcople. Amazon, Repec. Rescarcho:r!D (lS!), Scopus 10, Googlc Scholar, 
Cit=r. aNV, VIVO. PubMedlJMl..S, federal Kkntificrssuch as SSN, TIN, £IN, VISA numbers. prv 
cards also e.~ WI are less relenn! here. 

It "«Ill' u"p<:<I$ihlc thot 311 mstitutions, publishtr$, service prcwidcrs will as=: on one idcnlifier. 
Howc'-cr, it;s 'cry f>O$"iblc that e""h res.-archer i. assigned one ID wrn."TIevcr IIIhc publ~ the first 
J"!IP<"T_na!og«IS to gdtina: a c<lmpul<:r accounllhe author might go to the local/institutional ~brary with 
hisdri,-er' s lic.:nsc oro\her identifocutioo to recei"e this author 10. In 9ddition. authors (using VlVO, 
WikIPcoplc, etc.) would provide "see also" linl.:s that interconnect IDs across data silos. For.:xample, a 
researcher miglot add to hislher C\' that hosthcr lD at IlJ is aaa, 5« abo to.ox in Scopus, tD -",' in IS! 
databasc,:Z: in VIVO, etc. 

Again. it will be important 10 know who ad<Ic:d what datallinl i,e. lhe full prm'enance trail needs \0 be: 
known, 

http://www.recovery.gov
http://www.nsf.gov/cgi-bin/good-bye?http://scimaps.org/flat/meeting/100318/
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The objects of science and their representation in eScience 
Mike Conlon 

University of Florida 
mconlon@ufi .edu , http://vivo.ufi.edu/individual/mconlon 

Science is done by people. They form teams, make hypotheses, write grants, build and 
use tools, obsefVe nature, conduct experiments, collect data. draw pictures, analyze, draw 
conclusions, present results, write papers, and generate data and other artifacts. They 
teach, mentor and model the next generation of scientists. How does eScience -- the 
application of information technology to scientific processes -- help, hinder, or change 
science? What is missing? What can we recommend for improvements? 

Consider the 'objects' of science as in modeling. A simple model might start with people. 
funding, resources, papers and data. For eScience to help, it might provide a means to 
know about sci~nce and to faci litate the scientifIC work in any of the aforementioned 
processes. 

People 

Systems such as VIVO are being created to identify people, create representations of those 
people, model 8Kpertise, interests and activities, and to associate those representations 
with other objects in science. A rich vocabulary of connections between people Is 
envisioned (coauthoredWith. coPIWith , mentored, taughtBy). Information about people, 
their connections to each other and their connections to other objects in science can then 
be used to build teams in support of the various science processes around the world, and 
to better understand the nature of scientific collaboration and predict future productivity. 

Funding 

Simple systems are available to model funding to provide information about who got which 
resources to perform what work. US federal science agencies should provide this data in a 
common open format. Collaboration with EU and other funding agencies should provide 
signifICant world coverage. Connections can then be made between the elements of 
funding and it's first order products .• papers, data and tools. Connections can then also be 
made to second order products and beyond -- better health, improved economic or social 
conditions. Corporate, private and other funding will require disclosure at appropriate points 
in the SCientific process. 

Resources 

Systems are being created to model research resources .. eqUipment, computational 
resources, cell lines, tools, software, core labs, national labs and more. These resources 
can be connected to the people who created them, manage them, and use them. 
Resource discovery results. The Eagle-I project and others are developing semantics for 
representing resources and their connections to people, funding and other objects of 
science. Support is needed to demonstrate the utility of such information resources in a 
variety of settirgs. 

http://www.nsf.gov/cgi-bin/good-bye?http://vivo.ufl.edu/display/n25562
mailto:mconlon@ufl.edu
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Papers and other creative works 

Much work has been done to make scientific literature available in a variety of formats and 
contexts. Standard, open, semantically clear citation objects have been designed, but are 
only partially available. A world resource of open citation information is needed to form a 
basis for connecting (attributing) people to papers. Publishers, aggregators and 
governments all have an interest in making this data freely available. Simple attribution 
(authorship) can be augmented by a richer set of connections of people to works. A new 
vocabulary of attribution will enhance our understanding of the contributions made by 
scientists to works. 

Data 

Scientists create and analyze data. They can create additional findings from data 
previously collected. Well-curated, publicly available data is rare. Scientists need 
incentives to make data available to others via collaboration or more generally. 
Identification, semantic description, curation, citation, access control and attribution are all 
frontier areas for the use and reuse of data in science. Repositories are beginning to make 
inroads in the provision of data. Incentives potentially unlock data for additional reuse. 
Linking data to papers and people will provide new opportunities for collaboration and 
reuse. 

Connections, tools and opportunities 

Connecting objects to each other opens a world of new expression, resulting tools and 
opportunities for discovery. The efficiency of science goes up -- new collaborations are 
formed, additional data is made available for additional findings. Papers and works are 
more easily found and can be more readily assessed having been associated with data, 
funding, people or resources of interest. An observatory for the objects of science can be 
created giving us a window on science as it operates and to see the operation as it occurs. 
The impact of science is more readily determined when objects and their connections can 
be visualized and assessed. 

More objects, future work 

One can easily imagine additional objects to be added to an eScience framework -­
hypotheses, assertions, concepts, provenance, ownership, patents, institutions, and many 
more. By committing to open reusable models, software and data, we can build an 
eScience infrastructure that accelerates discovery. 

Recommendations 

1. Support development of open systems for representing the objects of science, including 
object modeling, semantics, and their technical implementations. 

2. Support institutional adoption of open systems for representing the objects of science. 
3. Support development of tools and retrofitting of existing tools to use the objects of 

science for more efficient science and for information about science. 
4. Provide an international open standard data set for bibliometric information for all 

published work world wide at the level of papers, possibly through a collaboration of 
international libraries -- Library of Congress, British Library, etc. 
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Digita l technology and the conduct of scientific research 

Thi1 note set~ out ~ome reoommendations concerning the ways in which digita l technology 
influ ence~, affects and ~hape~ the conduct of ~cien tific re~earch. 'Digital technology' is defined here 
to encompass not only the tools (hardware, software and middleware) that can facilitate discovel'/, 
access to, processing and po-eservation of electroniC information but also the technical and 
managerial skills to develop and apply such activities and the communication systems that enable 
the sharing of S(ientific knowledge on a global basis. These recommendations are presented in the 
three functional areas: da ta access, knowledge access and attribution. 

Data access 

The extent, volume and variety of electronic data are expanding at rates that currently outstrip our 
ability to locate. manipulate and preserve such data for research purposes. Older methods of data 
collection which have traditionally been used in the social and economic sciences (e.g. census and 
survey methods) now face increasing problems of quality and oost, creating pres"",res which will lead 
Inexorably to plans to make bener use of digital technologies relating to data discovery, collection, 
access, repu rposing ;Ifld cur<ltion. However, while gre<lt progress in these <Ire<ls h<ls been m<lde in 
some scientific areas (e.g. astronomy, particle physics), progress has been significantly slower in 
areas which make use of personal data ' Factors which mitigate against such research include legal 
barriers (e.g. legislation explicitly preventing data sharing or the interpretation of legislation which 
protects human subjects), ethical barriers (e.g. data collected for one purpose not being used for 
another without the need for consent), administrative barriers (data guardians setting up 
cumbersome access procedures which are inefficient and/or expensive to operate (e.g. safe d<lta 
centres) and obstacles that arise because of perceptions of 'ownership' or 'intellectual property 
rights' held by data guardians. 

Over the past ten years numerous attempts have been made 10 overcome these barriers to data 
discovery, access and their reuse for research purposes. Much progress has been made, as is 
evidenced via the activities of bodies such as CODATA' , but progress on the sharing of personal data 
relating to living human subjects (e.g. individual income, social security, health, criminal records) has 
been di fficul t, mainly because of legal and ethical barriers. 

Despite these obstacles, there is one area where ~ignificant progress is now being made. More 
effiCient and secure means of access are now evolving in a number of countries, which make use of 

virtua l safe settings - ~ystems t hrough which authorised and authenticated users can gain remote 
access to data on individuals or organisations whilst prevent ing copying of data and minimising the 
potential for abuse of access privileges. 

Recommendation 1: National research funding agencies should collaborate to identify best 
practice in establishing secure sy.>tems for remote access to data held by 
national statistical offices, national government departments, major private 
sector companies and other agencies acting as data gU<lrdi<lns. 

Defined here to inc lude data about ~edfic organi .. tlof!S a. wel l a. <pedtic individua l .. 
Sn h!lp:l/www.!;Qdata.org/ 

http://www.nsf.gov/cgi-bin/good-bye?http://www.codata.org/
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Recommendation 2: 

Recommendat ion 3: 

~nowledge aceeS5 

National Stat istical Offices should be encouraged to locate, catalogue and 

assist with access to administrative data for research purposes_ 

Research funding agencies should collaborate in promoting social, economic 

and behavioural research programmes to encourage innovative research 

uses of new forms of digital data. 

The traditional method by which knowledge was disseminated involves a close relationship between 

the authors of scient ific articles, peer referees, publishing houses, libraries and scholars_ ~ublishing 

houses set up domain'specific journals with editorial boards (or academics approached publishers 

with plans for such)_ .xientists submit scholarly articles for peer review and (hopefully) publication_ 

Scholars (or their institutional libraries) buy or subscr ibe to the resulting books and journals to gain 

acces.s to this knowledge. 

This system remains in place, though it is now under severe strain. It worked well in an age when 

access to knowledge was synonymous with acceS5 to the paper on which the knowledge was 

printed. The advent of photocopying threatened this system until controls were put in place to 

monitor and refund authors and publishers. However, the widespread demand for electronic access 

to searchable databases of peer reviewed knowledge is having a substantial impact upon this 

relationship. The rapid growth in popularity of e·books and e·joumals is evidence of the shift away 

from the traditional ways in which knowledge is made accessible_ But who pays for 'free' acceS5 to 

,cientific knowledge? Who protects the intellectual property of the authors? What is the role of the 

institutional library in this new environment? 

:.. further issue relates to the demand for easier and more immediate access to research knowledge_ 

.xientists are now more likely to share research findings with colleagues prior to publication in a 

~r refereed journal. New journals are being created which exist only in virtual format. Wider 

access to non· refereed or poorly refereed work not only raises issues about the quality of scientific 

informiJtion now accessible on the web but also poses a threat to the demandS that the scientific 

community are making for better acceS5 to published material currently protected via copyright_ 

These are key issues that must be addressed with urgency_ While relevant international aSSOCiations 

espouse the principles of open access' to research knowledge, fu rther international cooperation and 

action will be required to ensure that twin goals of unfettered access to electronically avai lable 

research knowledge and a sustainable system of high quality peer reviewing of such knowledge are 

achieved. 

Recommendat ion 4: Research funding agencies should establish mechanisms through which they 

can monitor developments in knowledge access and associated peer 

reviewing. If appropriate, they should agree collectively on measures thai 

will ensure such knowledge is actessible to the global research community 

whilst ensuring that quality threshOlds are achieved. 

' s",e for txamplt bIlR: llarchive. ifla , orslV'cdocIoPtn-ac~~sQ4 .bt ml (vi$ittd 9 April 2010). 

http://www.nsf.gov/cgi-bin/good-bye?http://archive.ifla.org/V/cdoc/open-access04.html
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Attribution 

The third issue which requires global action to resolve relates to the issue of attribution - the ways 

in which the work of scientists is recognised and accredited. Currently, attribution for research 

efforts arises primarily through the authorship of scientific papers, books and journals. While 

scientific disciplines vary in terms of the ways in which authorship is defined and interpreted by 

others, this system forms the basis of traditional attempts to rate scientists in terms of their 

productivity, prestige, contribution to knowledge and the impact of their research. 

A number of issues are now arising as scientific research moves increasingly from the national to the 

international sphere. The first relates to the fact that scientists have always been heavily involved in 

the design, funding, operation and management of large scale research infrastructures. Ranging 

from multiple array telescopes to genetic databases and major national longitudinal studies, these 

resources require a major career commitment from research scientists if they are to make their 

optimal contribution to global scientific enquiry. The rapid growth in the number and scale of this 

infrastructure means that there are now increasing demands placed on the scientific community to 

engage in design, funding, and operational functions for major research infrastuctures. While the 

systems are in place (or are being put in place) to allow international sharing of such facilities for 

research purposes, the current system for attribution fails to recognise the efforts made by those 

who help develop, operate, manage and sustain research infrastructure. Without effective 

attribution for these functions, the future supply of skills, knowledge and expertise required to make 

them effective could be at risk. 

Recommendation 5: Funding agencies should cooperate to undertake a discipline-based review 

of all current and planned major scientific research infrastructures. This 

should focus upon their future staffing requirements at the most senior 

levels, particularly on succession planning. In the light of such evidence, 

funding agencies may wish to establish internationally agreed procedures 

through which the scientific contributions made by senior scientists engaged 

in infrastructure management and direction can be attributed to them. 

A further issue derives from the demands for open access to research knowledge discussed under 

the preceding heading. If the quality of electronically available research outputs cannot be 

effectively controlled and interpreted in an international context, attribution for research outputs is 

further jeopardised (see recommendation 4). 

Peter Elias 

Strategic Advisor (Data Resources) 
UK Economic and Social Research Council 

(Peter.Elias@warwick.ac.uk) 

9th April 2010 

mailto:Peter.Elias@warwick.ac.uk
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Riding the wave 
How Europe (an gain from the rising tidE! of scientific data 

Fln~1 repOftof the High Lenl ExperlGroup on Stl .. nUfic Data 
A submission 10 the European Commission 



   

   

   
           

         
     

  

 
           

            

               

                 
                 

            
       

   
            

        
     

 

 
       

       
         

            
                 

            
    

Changing the Conduct of Science in the Information Age June 28, 2011 

64 European Union 

Riding the wave 
How [urope (a n gain frnm the rklng t ide of sdentifk data 

Final rtpon afthe High !<wei Expen GrouponSck!mltic o.u 
Po . ubmis";on U) t ho: Euro~" Com mi»ion 
October2010 

0 (",,,,,,, .. ........,,.../010 
R""oot.triM i ... "" .. 1'1«1 ... _ ""' ............ l <'l<JWtodc>o>l 

11>t ...... ""I'/ ...... intt>"""''''' ... ....,,.oItIIo''''''''''.M>ddono. 
_onrly ....... , IIw: OfI'wJ.r!:'M_c..nm;,.;",,~,;ow '" rho .... b;o<. 

tho m<riPe<. ollheltlG wwkl ~k. '0 monk ~..,proje<' GR1l2Ol<lta- _ong ~ .. m"";"9' 
""'.k , .... d <to, .. ' .... __ , b .",=""bIW:"", 01 "'" "". ' ....... (;1V11QlQ". __ ~ 
.rnon ll'o;o<1 fmd«l by !ho(",_"" s-.rh l'''''''''''''''k "'''1' ....... '''10< Re_"'.or>d 
Po~ .... ,(fPlI''''<I .. Goo ..... AlJi_,A-/. 6(,I!). 
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Unlocking the full value of scientific data 

T ~t o;g~al .o.gtnd~ for Eu«)~ ouUlnes polICies 
~nd _<lion> 10 "' .. ,,.,;'" 'h~ """.,rot <>f Ih. 
dIg~., OTiQI"UQn for .n. s..ppo<'l'''g (flUr(h 

and Innov.nlon is • ~ ptlQrity oftht ""fod", 
es~nUII I'wt w.n, to est.bll,h a nO<l'~h"'g dlglllli 
t<onomy bot 2020. 

$(!o:ntifk ~ardlls .upoporle\l by It$ Inf'OS'NctufH: 
l«hnk;JI tooIlJnd InSlN",.ntl ,rI(IlocIO-f)(:onQmk; 
1)ISI. mllo. org,nliing ,nt! Ih'Mng knowltdgc. 
Thps. h..,e boeton In (Onl •• nt (h.ng' fo, .... "l' 
(.n'm lel ..tll!'ctll'lg ''''MOO In .«hno~W Md 
d ,ng' In poIitk;al sysleml. Key In~ntlQnlll'" Iht 
mI"~ Q(lhe te~o ... .-.su~td In huge 

~lnfolTllalioll and 
Communication 
Technologies(lCT) are 
the most re<tnt 
transformational factors 
In science. ~ 

sCIentific P"'9tes. by.,IOWIng Iht v.lid.ltiOtl or 
.../«11"" 01 th..,ri""..,d the ,,, •• ".'00 oI_k 
prh1t1ng in the 15th century and Ih' org.nl",tiQn of 
knowttdgf In ~.n;h IIbra~es . I~ 

unprKtdenltd ;\<Cess to knowl«:!ge. 

In/o'''';I\Io" and CommunlQlIon TtdlnQlQgles (leT) 
... tht mom ....,~I tr.nsfOfmotk>n.1 belO'lI" 
.~n«. They tn.blt (los. an<;! .lrnQSl !n'!lInl.n~u. 

COU.bor311on bflwee n sdtntlm . 11 ov.rthe werld 
and they provide f<;c.$$ to un~tden!td volumes 
of .dfntifk Info.r"'",lon Ihn "n In tu rn be 
p<Q(t'~ on powerful «,mpo.nOllon.1 ~rms.. 
Many young., Kientitl, d~dpllMl would nOI ,~n 



   

   

           
        
         

 

         
          

        
   

       
        

    
     

    
     

         
       

 

       
     

        

         

        
        

         

        
          

        
        

     

        
       

          
           

       
       

     
           

          
         

     

           

             
            

     

     

  
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 
 

 
 

 
 

 
  

 

 
 
 

 
 

 
 

 
  

 
  

 
 

 
 

 
 

 
 

 
 
  

 
 

 
 

 
 

 
 

  
 

 
   

 
 

 
 

 
 

   
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
   

 
 

 
 

   

 
 

 
 

 
   
 

 
 

       

 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 

 
 

 
 

 
   

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 
 
 
 

 
 

 
 

 
 

 
 

   
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
  

 
   

 
 

 
 

 
  

 
 

 
 

  

 
 

 
 

 
 

 
 

 
  

 
   

 
 

 
 

 
 

 
 

 
  

 
  

 
 

 
 

 
 

 
 

 
 

 

Changing the Conduct of Science in the Information Age June 28, 2011 

66 European Union 

."!lwlrhout ace ... to mMe tKhnclogl .... T~!CT. 
bawd 'nfrOllrllCtu .... ( .. lnfr .. lrlKtu .... ) h;w. 
btcorrt an .. ...,t .. 1 foundation of 411 ...... "h arid 
InnQ\'lIIion, 

"'1< .. ~ed In the Euro~n Comml<.ioo ond EU 
Membtr Slat .. Investing In d~ .... nt doma." of.· 
InfRl!lNcturM.. TogKh ... we h .... bHn worIIlng on 
connKllng ' ... Nlth ..... Kho"",~ca!o".nd 
>1ud"",. through hlgh.pt<ed reea<eh networks like 
GE.t.m; p<OVIdl"fl ~slO s!\are<! grid and dO<Jd 
(Qmp,tlng bdlrtlel, and citvt'Io$IInQ 

'U~ftOmpullng capacity fer very demanding 
appllc.tlen. throughlhe European ~MroIolp 
PRACl Te compleml'nt Ihese citvt'icp:nents. Europe 
I. piJlllng th, '*fdI for the em, rgen" of. ",bu.1 
platfo<m for a«:11 •• rId f><e'>I'IVrtion of .ru.ntific 
Inform.>tion. 

.oJ1 tto« •• ~ .rId will rem.1n Importonl element> 
underplnnl,,!! European .... INfth .nd Innovation 
pollO ... II_.~" ... lth ",b"" Inh"ructu'ef<>,d,rt. 
IflInsrrllSiQn .nd dat. proxelSlng In pi", .. WfI 'an 
now Start to think .bout the ntxt!lop: dot. !Helf. My 
vllion ~ a .cienllfic communlly Ih.l d.,., nOl w.>le 

,.,.,.,,, .. on ,tcrNting dol. that h..,.. 41,.ady IIHn 
prcdiJcad, In partleu'" if public money ha. h.lpod 
10 ce~Kllhcs. dOl. In Iht flnt plac ... Scient .. " 
should be ablelo concen\T~1e on Ihe btll "',*,10 
makf: u,~ ofo:lolo. I).,!. become an Inl",,, ru<ture 
th.1 KO!ntl<e r;.,n use On Illek w;>Y 10 n~ frontll!<>--

Making thh. ~allty Isa moredifflcult t",kthan ~ 
may SHm. TecoAKt. curate, preserve and make 
..... lIabie ~r4",,,,,,,1n9 an\QUnt:\ of Kientlflc dot ... 

n.rw \YPC!S of 1nf''''I'''''u~ wWI be ne-eded The 
POI'nll,1 bo<af~1 "'" t nOm><lu' but the 'ame 10 
lrue f"'IM costs. We therefore nHd 10 loy the rlghl 
fcundallcn. ""d the .eon ... we .!.!Irt 1M t:..t~,. Thl. 
~port oftl>e Hirjh~~ Group on S<:1enlil'lc Dot. 
win be an Inv.lv.b~ 1nput rorform"lotlny our 
..-.Nfth.rId .-..-ch..jnfr .. t""'"~ ,.o1id11. 1lnvl'" 
~...., dll ... n arid ~ry e .... 001"'llo" hwclYed In 
scientific (l1elldo to lakl note of this (epc<t.nd to 
u!.e it as a rtfo rtnCl pelnt when dlsc""lng Iho 
pr\or;til1 of EU r~ .. fth I ..... OStmtnt .. 

_ H. Kr_ 

Ifor.p,.tlldonlof 1M Eu~n CommItslon. 
~.pon j.1>1t fO( Ih. D/gilDI i\g<nd<o 

.,~ •• T~l"'vl 
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nOM THE CHAIR 

On the challenges ahead 

I 
prtoStnt th~ rtpo<t of th. ~~h ~~I Group on th.futur~ of ,"'-ntlfl< do",. Th~ 
Impo<t.n<~ offadn~ uplC the challenge. t..fc~ u, 10 crucial il"£uropHn 
""",b,,,h II tc remain 01 th. leodlng!tdg. glcbony. 

Tho: ' .. u~lng 1l<:1k>n$1hat W1<1>'OP'»e w~1 ~ all"",., cf """,,"'h, not ju>1 big 
sclenct_ Thll 'Mgt has be<:n refltcled In 'h~ g«)IJpa. wt h_ cOMidtrt<l th~ 
Impact cn. /0, u"mp~. the human ~m.. publl,hlng. .nd blc.dj"""lty In addition 
te la'ge '''It ,natlenal,clerKe fll<:~lllM. Indeed, ~Mtlng ~ right wlD.offKt the w.y 
fM<'.,ch I; dcn~ In th~ futu",.nd wi. be Instrum..,t"lln en,uong Ihat tM 
cholleng", befo", ~ art solve<lln" hoU"ic way rath., than aUowlng IndMd ual 
discipline. te dig e nu..,cht<ll»ll~on>- JuSl how Sludenu wl~ be trained In tM 
fuluft, Or how the p"'feUI(lfl of'd"ta scl""tI""wlft be dtv.~ptd, " ... among Ihe 
QU~stlcn' the rMCl ullen of which I; stUI ,.".,Mng and will P'M"nt intellKtual 
cha~~ng .. fcr beth IIfIv.t~1y and publicly ,upportod fM<'a",h . Critical 1<1 
.. ~rythlng II hew tNst ca" net only be foolert<l but en,u,ed >c Ihat the'Flfth 
FrHdom ofKnowltOye'ls punued wilh vig,," ,fo,-Ih. g<>«l of all .oct.Iy. 

In ;>(Id~ion to Ih. High Ltvtl Group coming from" di"",,;ty of backgrounds. th. 
",ellne" of Ihe dj>cu"lon. and Ihe working atmoophe", h .... e been "delight and 
Ilh.nk 1M members /orthelre.'el~nl conlrlbulion,. "'~o my Ihanks to the 
Comml,.ion l!.llt wftC hWe entered InlO l h. deob"te with .n exemplary r:t.gfH of 
_".."lnd.,:ln., .. n"olt, lwould Ih to a.;knowledg. t~ •• ,,;,t.n.a Qft~. 

, ... ;0.." ptOp~ who <"m' lo th. group to ,h"", Ih.~ Ihough!> and .. perl""c' 
w~h u, ftom around Ihl world. 10 rappen. u, O .... 1d G~"'lta who brought lh. 
d~cu"ion' logWler Inte • «IM,enl structu", "nd bellOn plan. and 10 Rw:hlld 
Hudson whc mkKulous~ tcok ou, strtlm of conSCiouSng S kINs and tum..:j 
them 101<1' <oh,,,,nl "'POrt. 

JohnWood 
C/!{1r, 
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... ... 
EXECUTIVE SUMMARY 1Irlr 

A
fundatnff'lla' cha,aa.~"k of cur age I. Ih. 
ming lido of dat •• global d~.rw. valubblt 
and campi ... In th' ,.,.Im of ,clenc., Ih~ I. 

OOIh an opportunity Md " (h.!ler.ge. Thl~ f~r1. 
prepall!'d forthe eu",~n Commk.lcn~ 
Olreao, .. e·t;ene,,1 fOf Inlorm.Hon Soc~y and 
M~a.ldtmlflM Ih. b.n. ftt. and coSIO of 
K~.,"ln9 tM ~pm~1 of. fully functlon.1 e· 
Infra:ll"'ct u re for ><~nlifk data ••• 1'lem al<ead\l 
emerging ~~me.l.nd 'pOntant'OUlly ..:ro.. 'he 
globt. bur now In ne<!d of • f.r~""I<>o. global 
fr;>mo:work. Th. OulWffit wl l 1lI!. vhl KltnClfic 
..... 1: lexl~. ,.,Hable effk~nl. cfoss-disclpllnary 
..,d<,.,. .. ~. 

Th e ~n.fd • • '" b<<>ad. With. prOpC!f K;enlifk a . 
inh,t:u<lu, .. ..... ,...rt;h. 1'$ In diff.,..nt donuTns ,an 
(olL"t>o' '''on th e ... me <lata ... ~flnding now 
In.~ht>. They can 'horu data ... , H,IIy oe,os. the 
globe. bur al.., prote<'! 1'1 Inl<'grily and own .... hlp. 
They On use, re- u ... and e<>mblne &la, In,,.,.,I"g 
j>fiXIu<liY~y. Th.y~.n m.,... ~.,~ >Ofv<: t<>d"Y~ 

Grand Chant ngtl, such," dim ... (h.n9t and 
ent rg) .upply.lndeed.they can eng~. in wIIol. 
newk>rms of .cit nt lfic In!!llIIY, made posSible boJ 
tht unlmaglnablt powerof tht e·lnfra'1ru(1Ure 10 
find C<l ..... lotlQn .. draw In(e'tnctl and tlldt ~~ 
and information ot. sc.ltWI are only beqlnnlng !Q 

I". ForjQ(~" a wlIolt, th~ ~ i;:entll<;lal ~ 
'mpOWtlS amot.ulS 10 contribute more taslly 10 
' ~I $dtn' ~( prt><tl .. pOlilld,nj to g_m mOre 
etreu~1y wilh I(Ilid .... iden( • . and tht [u,opton 
and gl~1 «OfIomy to I xpano;i. 

aut th.,. a,. many cha~ngtl. How can we 
o<gonise .oo. • fltOOl,hly complkated global tffor1. 
wKh""t hlndtrln~ k.fl.,;lbl llty.ndoptnn .. ,l How 
do we Incenti\llse resell rchell. C<lmpan It$ ..... d 
Indl.IOu." to ((Hltribute thel, Qi;n data tathe 
e~nfra"l'\J(1u" _ whit •• HI tru<tlng .hllt ,hey can 
pfl>lKt 11011 , prt<.cy 0< Qi;nenhlp! How can WI 
managt lO prMern allthl. dol;>, cie>ptte changln~ 
tKhnologltlan<t nHd.) How Ie conn y the C<lnle'" 
and pnwen.ance of the d",.! How to p/I~ for 11a l ) 

0", .bien Is a sclentlfk e-infraslnKIUre Ihat 
.upport. >Nmltl •• "' .... use, re..,~ and tru.1 of 
dot ... In a •• nse. Ihe p!tyslcaland t<"<hnkal 
Inf,. stnKIU,e be<:ome<lnvlslbie and lhe dol. 
Ihem,,~ be(o_lht ... 1, .. ,,,,(1ure _ ••• Iuablt 
a."" On whl<h scltn(t, lechnolO9)l, 1101 oKOnomy 
aOO >ecIOly <an adYonc ... Our vlslon ~ Ihot. boJ 2030: 

• An m1<tholdtn. from KienlblS 10 notional 
autho~'''' lo tht gentlll publIC, are awarlof lhe 
('~K:01l,"p<>non<~ of e<m .. ",lng ~nd ,h.ri~g 

rt~ablt data ~odu<:td during tht<citnljf" 

Prt><tl •. 
• A.search..,. and pracmlOnt n f,om any discipline 

I~ ablt 10 find. a«tl. and p<O<:tlS the data Ihly 
noed. They can be eonftdtnl ... thel ' ~bll"YtO USf 

.nd "n<;lomand dot.>. and thly (fn .... alUiltt lhl 
df9~ to ..... hl<;h Ihotdol. can belru.,,",,-

• Produ~fl$ ofd¥(a btrItfit IlQm optnlng ~ to 
bn»d ..:<tI~ and preft r.o dtpooit tht~ d"a 
with eonftdtnct in ,ell.blt repOlitorits. A 

tr.mtwe ..... of repos~Oritl work 10 InttrnotlOMI 
.tandard!, 10 t n.ure thC'/ . ... ,ru.tworthy. 
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.,~~. '", .... , 

• Pubhdundlng nws, bKau~ funding I>odj., 
h""t conlldoncf matth"', Inwstm.nl> In 
..... a",h .... paying back """. dr.ld..,ds to 
_!e'1. thro'X)h In(,~std u'e end ''' "~ of 
.... bIkly gene, •• td data 

• Th~ Innov.>t1Ye P<>'Ne' of Ind u",), ""d en • .,..p~~ 
Is ham ... td b1 clea,.nd efficient Mrangtm.nts 
for ncn.nge of data bMw...., prlvllund public 
SKI"", allowing _prlat~ relurn. to both. 

• The public h~ /IC<:e>$W Md can makl! c,.a,tV<' 
u~ of .he huge a""'un, of dat~ ~.oIl11tJ1t; il can 
flso c<>ntrlbull!W Ihf data ,to,. a"d .nrk:h It. A~ 
can t.. Idfqullely tduc:altd Ind p,*parf!d to 
"",nflll ffl>m thl. lbundance of Informllion. 

• Pelky mlkl!, .. ,e Ible 10 ma1< .. dK\.ion. b.nfd 
on .clid ",iden"", Ind (an monitor Ihe impact< 
of IIr .. . de6<lons. G<N",nm",,' bKom .. m~ 
, ,,,,tworthy. 

• Global govlrn,",. promo,es InlemlltonoltN" 
and Interoperabllily. 

TIl ..... ~ G ,to. , .010 f.,..g""","m~'" In GH 'h~, ."d 
_ ~r. 'hcrt4bt of K\fon b1 v.no... EU 
InstftutiQn, _ bulkHng en woll! Itrudy bt9un leO'O<' 
t tle EU In ,.""m y ..... ond (omplem.mlng tlfcrt. In 
tht Us. Jl pan and tl.......,.,.' t In the wOOd 

I . Oeve lop an Intlrnationallra meworlr. lor . 
ColI.l>o",tive O.t. Infr .. tructuN 

Th U merglng Infr."Ncture for s.clen. 1f\e dol. mu" 
be ~lbI. but ~lIIbI •.• eeu,.~", open. local Md 
global . .>fI'ordabit yet hlgh~rfQnnan(". Tht,. b no 

onf,O'Chnology thlt cln /lChle •• Ital. So Wt nHd I 
broad, con<~uol 'r>rml'WCr1< fe< hew d ill'",.nt 
companies, lMlkutes, unlvt,,~1es, ~..,nmtnts and 
In<1lviduals wOuid Inle"," with tlte >}'Stem. ~ cal 
.lrb f,.moworka CoIlal;ro,"iV1! Data Inf,""",ctu,,,, 
.nd we u'ge tn., Europe .... Comml«lon '0 ~ele, .. ~ 
iOII'ort. _I~ Europe;>ltd MOUnd ,he globe _ to mak@n 
,eaL 

2 . Earmark.dditiona l lundolorKientilic: e · 
inlrastructur. 

Oe\te1opment of e.jn',astNClure for s.clentlfk dlla 
wil l cosl money. olMou.ty - MId as Ihere I. a 
.ignlflcanl e ltmen1 of ""bll<; good In thi .. '" Ihe,. 
mu,' be a 'Ignlfu; .... t dog," of ""blic ,upPort. en_ 
olMou. >OII"'t k found In the EU\ SI,u"u,ai Funds 
-a pertlon of the budget mostly u~tobulld road., 
Industrial pIIrks and ethe, key Infra>'lIUClure. 
.argtte<l", thos. regIOns of Europe mosl ln "ted. 
AI",o<:iy, • PO"""" <>f'~i> ""d9~ I, r.tm..-Md f<>t 
,~arch and Innovltion,in( llIding dig~.1 
Inf,a>'lrUClure. We can upon tht Euro"""n CouncH 10 
eXpor1d th. funding pos.lbllrtle .. 

l . D .... lopand use new wayoto m.nur. 
data value, a nd Nw.rdtko .. who 
contribut. it 

,,_ a~ to ..,c:ru'age bro.tder use. ""d ......... of 
.~nlifi( dal''''' nHd me ... beuefw"Y< to 
measu" II! ImpllCl .nd quallt)l. We U'lI' tht 
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EU<OptiOn Comm~'1on to I.odth. study of how to 
, ... alOl _anlngfull'lWlrlc~ In coUabolation with the 
'powe,u .. ,,'I" Indu,try and acao:J.mLo, and In 
COOpellllOt'l w~h Inwn",loMI bodie'$.. 

4. Train a new lIen.rat'on of data ,.dent'st .. 
and broaden public understandinll 

We urgoth ... the European Commls,lon promOte. 
and 11\.0 membe<~t/lte> /Idopt. n".. pe1iclts 10 toste, 
thc o:J.,.lopmeni of odv.n~-dogr~ prog,ommfl 
at ou, major untv.rsltles for the emerging neld of 
data st enll,t. ~ al:so u~ the ..... mbe'""ates to 
Inciuo. data manag ...... n! and governance 
CQn,idt'''ion. In the cumcul. of the~ ,I'(ondary 
'ch""l~ os part oflh. IT f.m~;"ri1.ti<ln program....., 
th.t . ... ber;omlng (ommon In Europe" lIduation. 

S. erette incentives for g~en temnologies 
in I~e d.l.lnfr .. t .... cl ..... 

CompUle« "Sf energy; and as thttlde of scientific 
d .... rt..s funher the energy consumptfOn Mk> rISing 
In t,"dMl. We u'llt thl European InstllutlOnS. as 
they r lt'J~ pI~nI to< COl man~em.nl and energy 
effIcIentY. to con.lde, th.lm~ of ,·lnf, .. ",uClu", 
and p ... ~" poHcjtl nowthat wHI ,nSUA! We h ..... 
tht nf(t";SlIry ..... OUreeS to perfonn scllm •. 

6. Establi.h .. hillh·~veL inter-mini.tenal 
grouPO" aliloballevelto plan for data 
infr .. tructur. 

k makes no sense to<one country 01' region 10 0C1 
.IOnt_ W. urge the European Comml$$ion to Identity 
a group of International ... p ..... ntatlws who cOliId 

mM reg ularly to dlKU" the global governance of 
KlMt lflc Hnf,,,,,,uc!UA!. k .hOllId ;>I:so host the first 
such meetl"ll_ 
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I. Riding the wave 

W·"...,._"·" .... _"~---_'-" "~ c.u 
~""""'" 00< __ , '" \O<bo "" " ... I, _ ;mtl, "". I, 
"'''''' I, ""osoo " _..., _ -.. "1"''''' It>, ""t .... ')'~ 

.. "'" .. >n .• "'"'" ox- """,_., ~ ~ """1""'-""" 

..., ""T O en """". "" '"""" "'"_ c.u ~".noo, '<"'" '" .,," """~...., ""'''' __ ",'''' _ c.u ,"',.." ,,,",,,, 
,,_ I, to" ~_ • .." ''''''', .... ,,-.;, ,on-...., ... ~,.,.)''' on c.u 
","'" _''''''''''''_''' 'tcr_.>X"",,,, "' ... 
""",", " "'"..,,. """ "_ '''';.;)'. -. . ... ...xoiho """'" 
""""._ ..., .." ...... ,",,, " """'. """"dOO I, OX-, ...",. m'''.......,. .... <>;j'" "'_,~'_~_' ........ 

"_"" ' ~"'''' _~ ",~"" -.;, ••• x"_,, on .... 
... "'''''''' _" ""''''' _", _ OJ """,,"" ",,_. 

"-"""'''''~''' 

'" "" .. , -... ;,. , .... " ", " ........ ,,;.,u, ~~-1 """ '" 
"--"''"', _ . ..... ..., """" mo> . ... , ""'" ... 'M"', ""'" 
..., "" . .... , .... "" .,. """'"'" "OCO§ "~;.,.,, ~~0>"'1 - ~ " 
",,_ ton,.~" """"'"" _" ........... ~-.. ""'. " .,,' 
",w " .. h "'" '''I • "'1'-"' __ ,,~.., ""'''''' 'OHm 
no." .. """"""""" " .... ~ ____ ,"" ~'" 

__ cr , ._ " .. un;~ _ ~ '" w-'" ,,""',...,. ,-.0_"'" 
_" "', ••• , ~"''''''''' " ",'" to;,o """ ""'.~ .... """ 
,., _ ""' .. ,., ,,., ..... lJ; Lb ... '''''''9'''' ."'".." -1"""· "' .. 
"tom"" _"."" .. ~, ~ 000 " ;." ,, '<D-~""""" , ___ " .. 
",,"" """' .. ",,'""'" """" '" _ '" "" 'I'" ""t"'" '" """"'"'" 
" .... "W'Q;'t"" _"...,"" 

_t"""'m<)I_, ""' ""''',on "*"" , ... ""..,'" ..,., .... _..-..00" "...",,'" .... _1"_ """ .. ,, """" "...,., 

I. Riding the wave 

W·"...,._"·" .... _"~---_'-" "~ c.u 
~""""'" 00< __ , '" \O<bo "" " ... I, _ ;mtl, "". I, 
"'''''' I, ""osoo " _..., _ -.. "1"''''' It>, ""t .... ')'~ 

.. "'" .. >n .• "'"'" ox- """,_., ~ ~ """1""'-""" 

..., ""T O en """". "" '"""" "'"_ c.u ~".noo, '<"'" '" .,," """~...., ""'''' __ ",'''' _ c.u ,"',.." ,,,",,,, 
,,_ I, to" ~_ • .." ''''''', .... ,,-.;, ,on-...., ... ~,.,.)''' on c.u 
","'" _''''''''''''_''' 'tcr_.>X"",,,, "' ... 
""",", " "'"..,,. """ "_ '''';.;)'. -. . ... ...xoiho """'" 
""""._ ..., .." ...... ,",,, " """'. """"dOO I, OX-, ...",. m'''.......,. .... <>;j'" "'_,~'_~_' ........ 

"_"" ' ~"'''' _~ ",~"" -.;, ••• x"_,, on .... 
... "'''''''' _" ""''''' _", _ OJ """,,"" ",,_. 

"-"""'''''~''' 

'" "" .. , -... ;,. , .... " ", " ........ ,,;.,u, ~~-1 """ '" 
"--"''"', _ . ..... ..., """" mo> . ... , ""'" ... 'M"', ""'" 
..., "" . .... , .... "" .,. """'"'" "OCO§ "~;.,.,, ~~0>"'1 - ~ " 
",,_ ton,.~" """"'"" _" ........... ~-.. ""'. " .,,' 
",w " .. h "'" '''I • "'1'-"' __ ,,~.., ""'''''' 'OHm 
no." .. """"""""" " .... ~ ____ ,"" ~'" 

__ cr , ._ " .. un;~ _ ~ '" w-'" ,,""',...,. ,-.0_"'" 
_" "', ••• , ~"''''''''' " ",'" to;,o """ ""'.~ .... """ 
,., _ ""' .. ,., ,,., ..... lJ; Lb ... '''''''9'''' ."'".." -1"""· "' .. 
"tom"" _"."" .. ~, ~ 000 " ;." ,, '<D-~""""" , ___ " .. 
",,"" """' .. ",,'""'" """" '" _ '" "" 'I'" ""t"'" '" """"'"'" 
" .... "W'Q;'t"" _"...,"" 

_t"""'m<)I_, ""' ""''',on "*"" , ... ""..,'" ..,., .... _..-..00" "...",,'" .... _1"_ """ .. ,, """" "...,., 
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fHodt>ack loop bMwHn ~a«ht" and ~arch mu l" chanQ" tnt pact and 
dktolon of ~sc"'m. Tht "'vlrtual lab" Is alrNdy "' ... with tht al>~ty to 
und.rta!<. op"~ ..... nt> on largelnstnJments In ott>.< contin,nto mnotely In ",a l 
time. Re .... rdlell w~h w!<:ltt)' differ"'" t>ack9roundl .lrom In" hum~nkotl and 
>Od~1 J<:~"''' to the ph)'>k:~1. 1>01095a>I.nd eng lnetflng J<:lencei - Can 
coIlabordtt On tn" la~ Itt of data from dilft<en, pt"peqlves. tnOe.ed, we Pt9"' 
to.ft what scmt' h .. .callo-d a"'fcutth parodlgm' of sc.nct _lMyond 
o~"'aticn. th.....-y and simulation. and Imo a nN< ",aim of ... p""atlon d~n 
by m",'ng n_ln>l9hto Irom .... t, d~ data sets. fer the first tim • . large...,ale 
and oomple, ' whole OOd)o ' sorution, bKome oo'lll>e lo, scme of ..xlety\ 
Grand Chall...,ge, 01 energy and wale' lUPpIy. global wa,mlng. and h..,~h<a'e. 

),"t hew wll ..., train ~ple to work In th~ .nvlron ..... nt) What tocl. wHi w. 
n..a to mow. .to<~ p~"", and mine thfl e data! Hew to 'ha", them? Howto 
una-",and memo t you a", In a different .dentific dlsclpUne than that In which 
tht)' w,... '",atO<ll A •• ~"'(he', hew wi l YQU know th, data you .« ... 1 on 
aneth. r cont,nent art aceu,at., un'Grrupied and unbia >edl What ifth", . data 
""Iude ","'l nal det.ils _ individual n.anh '''''ordl, ftn.no.1 nfo<mation or 
inwne! habit.~ Th .. e O<e Just a few of tM PfO/ound polky qu .. ticn. po.ed by 

this new age of d.n a4nt.n.1ve ..:Iene.. 

No .. " .", in t"~ ,..Grid a,. th.,.q"~,.lo'" _~" .... y odd, .. x<i. But ... ~H.~ 

Europt has ,s~.1 ""pon, ibility to Iud, ,.>tht< Ihan to ",a(\, In this domain. 
The EuroPtan RHea«h A"'a - dtlpI~ ltl cfI.ncttd di1llo;lJ~lO'> _ "main. today 
on,of tn. tOp thrM Sdentific pOWe" of t he world. .Ind If ..... a,urfd by Ihe 
numbtr of publbhed sclenl iflc paP"" .Iont. ~ oYl'produc'l tht US and Jap.lJ\; K 
thUl <;entntwlos II'IQ" Ih~n ~. f.l"ha" to tht scltntlfk: c\ala UOt. Jli.jl that a~o 
""'anJ ~ hal unique lkli~ to adc!rffl tile ~halltnQOS, through the j!'..,gth of M. 

btn "'ta«h Inj!~ution., Iht dlv,,,1ty of ~'I«hnlcail",n~ andthe unlq .... 
obili!'! of ltl ~.((h'ft to (oiabol.~ across bofders. Indunl~' and dbdplin.s. 

Throughout human hlllo,\,. Ih, inter.el;nion betwMn l'lenct and the 
technology lor rt<ordlng ~ has bHn ~p and ",Qdu<;tlvt. ln the nimh " nt" ry, 
tilt IprNd of p.l",' underpinned tht Goiden Ageof 1.laml<; SCI ... (~ al G,ft\! 
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and Ibm." wo,ks ef "'ltnc~ _~ t ,an,l.to<l and th.." 'u~,~ from the 
15th century enwud, th~ printlng 1'1''''' po1mitto<l ",hoI • ..nlpte tr;w~ for and 
wid. _ so I Cepornlcu. could mCA' e .. lly Influtn<e a G.1U1PO. In Just th. post 60 
'f(',\1'$ wt: h""" ,,,,,,n Informlltlcn .nd cornrnunlClItlOn, tl:<hnclcgies .pplled to 
,uch dI .... "e ft~kb .. ~odIlng the mccn, h.m ... ,lng nucleareoergy and 
bt9lnnlng to con'lOI "'~,. 

In th" ... pert we " '" net trying to SKOndilu ... , the futuA'; ~ wNI cMalnly 0.. 
di~ ... nt from anything wt: can Imagln~ now. But what wt: can de I. to pu.h fer 
the diIJIcu l' policy qu .... ion' to be add,...,ed .• 0 'hot Impo<tan' 01"1(:0"1, .... nOi 
cIcsed off .nd , hoe ,de",. done too,,", wiD be .v.llllbl. to r ...... rch." 'omorrow. 
Wf1. pelnt to .. palhw,,", that ,,""hn'*(9)N1tut rar - bas.ed on conctpl$ broad 
enough to emb,act whlu.ve, ~ form> of information and commun"atlon. 
tKhnelcg ies we develop OW', the ne.t gene",tlen. lh" ,.-qui,... dN<"Ioping 
prlnclpI ... for Int~e~,abllity (t«l1nl"'L ~mantlc.leglL and e th"I1) ..... ,Ifkatlen 
and ",Ii;>b~~y - .t lo<;aL ,tgionaland gklbal ''''It. It .-.qui,.., nt-w In,,,,lovl!"< for 
,haring and prQ1~11'Ig dati of diff<r,.nt typt$, wheth. rthat data" p"';ou. and 
guardtd Or abundant and optn. And it ,..quire-> a framewon. 10 r..-it-w aU th..wo 
principiI!"< at ,eguLl, Intt<VI I •. 

The Euroope~n UMon ha, In Irnpcrt.ln~ ccoR!lnati ng <01. In IOhlWlng thl, vl.lon 
- "'<ou9h ;\> O;g~QI .o.g~nd.o, ~, f,.mew<>,k F'rog'.mm~ Qnd th~ !X'1ki~, 
ernbodiod In it, Eu<c~an R ..... ~h A",aln~iatlv .... ECj<lal~, tht'" "tht 
opportun~y forth. EU In'titUllon.te I .. d In «eating I common, world~de 
vl.ion. Tht EU (omPf1~lvtn ... ' Counc~ of I.lte 2009' ,aUed en tht [u<cptan 
Com m if. O)n to addre!' tht IlSue of t·lnt'Hlru (1U,.. fo, W e nct , and thl. Hig h 
tAYlIi G<cup IS port of ' hat el'rort. A$ wt: pub~,h th l$ '''PO'', the p!Odu(1 of ,b< 
mont~l of ~olle<;tlvt thought and ~al<ch, Wt now "lion the EU Inst ~Ulionl to 
mO\lt bt)'ond study and Into l(1ien. 

we ~(e on th e ver9~ of J g">'1 nt-w INp In l(ltnliflc CJp"bllity, hI,11ed by dO"'. 
Wt h;Wt J vilien of how Eu<cpt <:euld btntf1' ""ht , th" ,ufft~ lead 'NIh" Ih.n 
follow. ilut we urgt l~ Wt must lum to rIdt tht da .. W;Wf. 

Keep constantly In 
mind In how many 
tlllngs you rourselt 
have witnessed 
changu already, 

The universe Is 
change, lUe I:!i 

understanding. 
MQr(UIAu,../itl~ 

J]!.JIJI) 
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II. Welcome to the data world 

"We humans have bunt a crutlvlty machIne. It's the sum ollhree 
thIngs: a few hundrt'd million compute", a communication system 
(onnHling lliosl' computers, and some millions 01 human IJ.elngs 
using those (omputers and communications" 

Vernor I'Ing" 

W
e 1M! In lh~ Ink>rm~1on All<" ~nd nowhe~" that n~me mort ~pt 'h~n 
In $(~n, • • nd 100010001o9y. Tt<:hnl~. llnf<mnallon In d form~ wh.lh~f 

n.tln1o, IrnagM, formu la. or know·how In the broadest "'n'" of the 
t.rm, has .ktody lr.n,fo<mO'd ourvl .... of thtwa1d - and mudo mo~ I. yt1 to 
com ... A frN "amp ... to .ktotrn OUllht poo.~Hlrl ... hINd: 

• 'u,,.nlly, .bout 2.S petabyt ... _ more than. millon, billion data unit. _ .rt 
.tort<! _.y _to yw for mammogramm .. In th US .ione.' Worl\1-wid,., 
.ome nUma, .. me,Hcailmage. of.1I kmd. will soon .m""nl to 31m of.1I 
data 'lO<ag • .' n.e •• could be • 90Idm.,. of dat. ror e »ldemiolog1cal and 
DNg re.earch. If made .C( .... lbI. In .pproP<ial~y .nGnymll«i form 10 
",,,,,,,,<h..-.. 

• 'Sm~" m~rI·fo"l..:t,"~y«>nsumptio .. nOW being Inst~n..:lln mIIrry EU 
COl.Inlr\e1, prodUct I~ tqulv,lent of on. CO-IQM of d ..... to, "'''' ncusencld 
.... t1'yyNr. Sc~ltlh'l up 10 1 00 mpnon hOu~hol~. and y<>u howe a vast 
repo:s~ory of dall (I), ~nomlc and bthav!o-ur.lanolysis of ptOplt~ tnttgy 
COnSumpilKln.· 

• Astronomy Is. ~1~rtC09n~ ';>o\w' u~r'of d ..... - but WfI ,,. b.>~ry aI Ih. 
st." otth~ tr~nd. From 202Q, tht Squ,,, I(llemWt AI,ay, • new k1ltml(len.1 
,;>die ttlts«>pt on thl d'ilWk1g ~r<L «>uld gtnt'all 1 pet.byt:. of data 
"""'Y 20 s«onds - ~ fi~.J>o .. of numbo<> ",qulnng unimaginable 
processing j)OWt<! V., !hili dill. w~1 pu,h ,h.'''''lu of lhe observ.l:Mt 
unlv<!~ 0'" by l)llilons of S.laxiH, pe,h.~ b,)ck lothe fi", moments ;me' 
thl 81g 8ang. 
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• Thl> cl ntury _«I with the fi"t ·readlng' ofth. human g.nom~ 8y Augun 
2009, dlgkal fKcrdson mcrethan 2SObillicn DNA bo .... from variou, 
,~", ..... stor..:! In tho U~ 9O".rn"...nt~ public Gonaank dotat..n.' .nd.n 
ent~eI)I new dbdplille of 'CI""ce had "",~rg~ ')'St~m. biolo9Y. Thil U$~ 
compu~" to .Imuloto:, ot the .ut,.mcl~ l a, I .. el .... ctry how DNA, protein. 
and the Othe' chemical componen" of Ij~ Interact _ and in time, ~ wUl 

lran,form Ih. practicl of hl .lth seliPnc ... "Organl<"" function In .n 
int"9rotod manne,_but bIologilts h......, hlstorlcall)< studl«! (thflnl pan by 

patt.'sald Ncbei l.>ufHIe InvId aa~lmo~. Sys~m' biology' I, a critlc.1 
scOen<e of the futu~ lhat.~ to un de,.,tand the Inttg'otioo 01 the plece$ to 
form bIo109ical .)'Stems'-

'" th ....... mpWs ,ugg~t. the InCrNst In scliPnUlk data I,n' ,Imp/)'. qu ... !ioo 
of more information. mo~ stora.ge dI,ks and mc~ optical pI~ 10 ~ ~ all-
though that I, ",na lnly part of II. ~ Is mo,.. proft>und th.n thot: ~ ch.ng ... the 
W/rf WI do Our sci.""" .nd o~n' enll,..1)' n..,... fio ld> of ....., .... (h. 

And Ih ... n.w tIold> ,.,qui,... from thuI.n •• n Inttm.~on .1 tffon. On. G1,,..nl 
project. 1000 Geno".... " , I. comparing Ih. completo ONA .equ.n",. of more 

Ih.n 1.000 ItIdIYldu.1< from ifoun<!lh. world to d<'fln. wMI mak .. u, diffe rent 
!<om on. 'Mtht' -.n In~ulry w~h ot le.1st IS many hum.nl.t ic •• Klentific 
~"Qn.~ ~",phi<.a l lnfOn'l'l"lon 'Y"~m~ populorix~ In <;.o.;.gl. M'I>~ ..... 
(h.nglllglht w/rf WI study e<onomlo;, /lgt\(l.rltu,.I.nd ~mOg",phl( I,.nd> 
world.wldt. And Ih. globollntemet off.,., an tl<traordlnary nffi 1001 for 
bth..,li)u,al ~e.1n:h. E.p1d.mlolOglst. h ..... $Iudlt'd tho fre<!utncy wtth wMcn 
il'tOpie se • ..:h on lln. fo, Uyword$ sueh IS 'flu: ... WIrf to mOllito, elise ... 
Ip" a;d 01"", .....,.rch~ t rying 10 un~"'und hOW ~pJo would rNCt to 
pandemic ~I.ru. h..,.look~ ot 1"" Wlrf onllnl g.m.., In 'World ofWarqaft' 
(Qngfl9~1t 'round Ih. dlg~al equlll~I'"1 of dilast., to",l, ... due (Q IIOW 
dlse ... .wfl1rolltrott<jIe1." 
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i ---• --j -~ 
I -~ -

---_ .. _ ........ 
'---"­-"'-"',--"'_ ... -._-_ ... -..... -. ... _,-_ ... --, ... _"."". . ... _-_ ... -........... -..... _ •. ----"' ... ... , ...... .,.- .. .. , ... ""'" ........ 
. -,~-., .--........... -.-...,,-.... -

----.~ 

------.--
. = 

------.1--{ 
-150 ~ 

----HI- -.' 
.-----.... ~ . - -., .. . .....,.,.. .... _ ... -. ..... _ ............... ......,. .. ___ .dlL ~ ~ 
! ! ! 

(oft: ....... 'Ong. .... ~ .. 
• _,~1h .. 01""'.ol ... .....,.'""'.,on~ ... 
'"""tho~.n$p.o," 
Agm<J', ",'tlll ... po.><d 
..... P· .. " .. ifllO;O' * 
llYN .,111""bllll." I>f"~ 

tho 1"'1'<""" r .. ~. 
'....,.f~drl ... 

! ! I i I i i !!!Iliillii 

Bu! ~ "notlust what " Sludj«1 t:..! also who . ,udl .. ~ and ~ow. that I • • IFKINI 
by Ih~ dot. del.. for the fir>' II"", In lwo <O'"IU .... d growjn~ 
prQf .. <lona~""ion In .d~n«. n.w leT 1«11 •• lIow th. """, •• Ing i'wolv~m",,1 01 
amatt\l{);lh.", are .impl, 100 many .""",,,,.Iion. OlIqulrt<! for l ilt' p.-oIwiol1.1< 
I<> do ~ oil on 1hc1' own . ..... tx.m,.* 1s Ga~yZoQ, • Wtb portal through whkh 
amOl..,,, help .monome ... e.piore In. Unlw,se." 5~""'r>1ty monnoring 
clepono. 10. !a'ge ""en! on the powerof ob"'lVallon. ~ I...,. oflhou .. ndS of 
I'OluntHIS w~o Hnd I~tl< nolts on S~I .. in deflned a",a. Ie a cenl r.lol dJla 
""P<>'~Q""," r Q< In>lQn,,,,, 'h~ ~~d;,h ~~ ... (; ...... ~y ,,"ovl<l<u novlgQbIo 

\rbualln1elfacc Wn1<td 10 9tQ9raph;(al lnforO'l/ltiQon .ys~rnl-"Th_ tx.rnpl~ 
"'plt",nt an Irnportanl_laland poll!kallf~nd. ErnPQWtr1ng Informed ~~Iun· 

!<ienl~1S'w~I.~o trnPQWt l .e .. nee. 

....,., ... wI~ thi!. lead' Con$lde, IIvt dlvelSt ~MriO$th.t w. be~ to be 
toIl",1y po"lble In ~mln9 de<:adei. 

R\IfIt ..... .....,. . ...... 1 ... _ .nS,,,,,,,,,,, .... 
A.o ........ ,."" .. ".,_ • 

miU01<OP' """"n; • ..,., .. "11_ .... 
...... 9'" .... 01' .... "'" "HI '0"" .... ,.« poe"',"m ..," ........................ .... 
<1 ...... ,.>001.''' ........ , "" ..... """,.,,_ ....... 
._ ... .foId- A"."",," 
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S( EN ARI OS OFT rUlu 
~ ~.~~ 

5<enario I: 5<1" nc" and d atil management 
1>\,,"11 working In ~ 9tllO",icl PIOJ«t linking 
I .... m la,g~ labs aw,fou, conllMnl .. ~ ta.k of 
d!uo monag..",~m " Inl~n~. "group fro", tnlna ~ 
p"poring lofHej It. dola InlO In~ <0/11"" .. ",\ 

!>"O«<<ing ~pOlin •. AI the ,a"'. ~rn •• Ih~ ~I\ 
acto"nUng 1)'$1@"'showl; two ~a~h .ffort. 
ehewh, .. a.., !>thind l<htd"'~ due IQ • ",icn:>lcopt 
producing ,ub"'nandard doY; tnt dot. flowflOrn 
1M rnMMnt II aUlorn.tical~ bIod<t-d frorn Iht 
lYl~rn. Scme ofM¥le\ graduate Iludtnt>, 
n'I<O" .. hl~ •• '" .tylng '" •• rift o"«<:<'IU)' p.bI,.h~~ 
..... uMl frorn a cornpetlng glOup of _af\"he" • bul 

their own lab lIqulp""nt I, d/ffe",,\ SO the work· 
~ln need, 10 bt rnOdifl«1 NeXllSlut;" ",tottlng 
w~h .. ~" over a dispu~ btrwten IWO of lht 
.. , •• uch eonlO<"llum\ rn"",~ The.., 1$ M 
iI<'lum~ntovt< wI><> «>mlOl, what data btlo" and 
.Jf:"~~lIn9 o!"tht91"O'.1p"$ ...uf\"h ,..uPt>,Until 
It" settled. Iht d.lta bank Is holding alltht f~~ In 
&~. 

S<:" nario II: S<:hmc" and Ih" citizen 
Carlos bk ... bli9'. He w."h ... Ihern the w'Y' birO-
1oY .... ""'ks Canada ~~ - bOd ~ r...ds M. 
observaO"".'nloa .ys~m lor profes.lc>lIIl. Ie 
.nalyse. Out Wilking In atloid ""e doy. he spot. 
some1hlnglni.",,,lng _ an InS¥! ,~ In .n 
un0F«!*" ~act. He qutri.-Iht ..,mote dou,,",-
for any ..,I ..... m Inforrnllion Ihat couk! explain It 
.nd then cheel<! In with hb feHow .mll ....... Thel' 
hypOthesI$; The In • ..a may haw chlnged III food 
p..,~"'n(t 10 a differ.,,1 planl .pe<"~ But Whyl 
C.,Io, pO'" hi! _ ..... Ion;."d In Ch. <oming 

.;IlI)'$ oth~ . nlhul~ts.re w.lchln~ for .llmll,.-
anomaly. The fYI~m automat~ally I nalyse< th'" 
O~flV~Uonl. lr>iU Ihern more que~t+O"I, ~nd 
chfdu for Ineo,tfct informat ion. It all<> looks fOf 
COl"rflatlonl w~h Ofhfr dotabM. .. - wut her 
~tm~ soil ,ondlt~nl. maPi ofllo<~ dlslfibo.Jtlon . 

This ~31m d ObHMltlon .!IIOWI a proftlllOn.1 
enlomolog"t '0 It" h" hyp:)lhtll. on 'pr'lfen"ed 
"'''actors In thlOtk 1K0logkai plQ(foSl~·C.ricn " 
"knowledged In me 'es~ltIng Op-tn-K«Sl 
publ~lon. 
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SCENARIOS Of HIE fUTURE 

xenorlo HI: x lence a nd the data set 
~nn.i h ... a grant undolr which ,htls al~ fr .... 
acc,... to 10)'<' ..... of mNSU' ...... m. bv tIle9icbai 
cell-phone • ..,so, fll'twcr1<. .1e<M In (fCS" 

contln."tal.n:hl ..... Thkn~twork U ... IM 

m inial .... >tn><><l SIando n::Il n <fll phon"" 10 
monitQ' tcx.olletnptrotufll, ;tlr q".1~1, wind spwd. 
light 11'11",.11)'. noise Mis and <>th" P'O",mtI.rJ -
and links It 10 Gf'S 1""'",,01;"'. Theln"'''''at;", k .. 
kept I" "'lllonbl .,chlw!, with open interfac ... SO 
,esear<he~ (;til query IMm unWo<mly. WIth M' 
\"n'I, """,II ",." .. to In"",tlsl"c oo,.,.t .. \o"o 
~"n Ih •• nvI,,;mmtnt and th •• prud ofMln.SI 
_ and brlhe dlSl'ast Info""at~n •• ht Is Iookln~ at 
anonyll'll$ed, ge<Hllgged 1T>eI';Ige> S~ I b\I people 

menlk:nlr.g Ihe ~ .. _. She ItIlends 10 ctHn Ihe 
fe! ukl"9 d/l1II m ~nd make k publicly Ivllillble .... 
h., Un~tf'$lty\ Instllutklnal n!PO<~ry. F~m th ..... ~ 
(Quid ~mt th •• d.nlll'l( equivalent of. Top.4() 
,ong -~ bv OIherJ.lround Iht WO<1d. He, 
ch.nefl fOfltnUrI! rise. 

~ 
'!, " 

ScenariO tV: Sdence and the ,tudent 
Rooo" II wolklng on on Intem01icnal PhD. ~\ a 
relatively new prog,.m"",. In which a .Iudont 
appll ... to bKcm~ I ~mberof an Int~'na!lo",,1 
Ie"", wo<ltlng on a big I>'>bI~m thaI affKl. an 
~ple. His 9IVuP II <omp.>ring m;>oy form. of non· 
vt<bal communkatlon. betwHncultu..,. ~ ha. 
...... "'1 hund..-d m, mberJ.rod his unlv. rSity lulor 
l> one oflh. nodal points conlnb<!tlng expertise In 
'syne<glstk (ommunl",tlon be{ween bIologkal 
(Omp<>nenls,'OtherS In the ~elWOfl(ar. USing 

~"'~_">9k.l.vido .. « 10 ,Iudy <om",""ko'\on, 
IH\wttn ancltnl Mewp<>lamian and Ht N, nk 
cu~urH; some are nudylng comP\ltff.CompU1~ 
lnt~bCtlon. between differl!nt system~ ytI mort 
.In! studying communicaticns in 'tfugH camps. 
Each node ()nl ~butfl 10 Ih. whole. Results ' ff 
communl",.od IS Ihey happtn, and Iherl! are dally, 
vlrtua~l>'j>ltn(t plann!ng ""Ions, Rogtr hac! 10 
sign a COnlr6Ct not 10 misuse data or COntribUtf 
anything Ih~1 I!. n<>l for "'e oommon good - ,ud! ... 
e<tern;tlly SO"ret<! inbrrnaticn Ih" he hal not 
thorou~hly dlt<~fQr pfQ\/elllnct. 
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S(fl1a,loV: Sden<e and data-.harlng 
Incentives 

Hans. 'OO1lng In Ihe ba ... ~nl on. day. find. an 
old laptop with a .Idoc of Grandpa on • boal He 
I.a young man In IM.IeI.." wurlng adMng 
("'l"m~_ln th~ bad<ground i., ma"",llou. 
b.ach. The vide<> 9 .... en to show undfiwatf( 
,(en" w~h b4>rre fish end (eiQuriul (Q1"aL Th' 
.1:1001. entert.lnlng - bUI wherewas1l made) 
H.n. can gellhe .n'''''' In a f_ mlnules. He 
gOt-! online 10 a {enlral~fd mapp~9 .. <'VICe. 10 
whi<h he upk,,,,h port. of th* . id<o. The .c ..... M:e 
h O$ .mart .<»n,m.m .. (hlng .Igc<~h"", uSing 
hoge ~rtn(e CQlltctlons. Soon, difl"e",nt 
tnIIpping probal>Utles !l:Pnh, vitteo fragments 
are ",,""mod, polnllng QUlin. most probable 
.r .. whf,. Ih, llidoc <cu ld ho .. been made:Th 
Maldlw->, ~!l:Prtglobal warming drownfd Ihfm. 
ThI,Is. b~ofP'!rwn.ltrMa forHans. but a n~ 
dOl. lei fo, «Itnee. So there ~ a ptlct ford,e 
UfVlce: Hanl must 11'1 hll vkloo fragments I ..... In 
l he (enlr~1 dat.".. •. enriching ~ furth .. and 
ma~~g ~ ..... n more "",ful - lor pror.\llonal 
,dentksls. leo. 

A"'lh ... ~ n •• «..,arlo< fant.t<tkall Net atan. ThI1"~a ... alrudy hundrf!d< of 
projK1s. In th. Wand .~twn ..... Ihat are prKUroon Ie Ih. r.atu, .. dIPOcrlbod ., 
In.s. « ... arlo<. 

• The EuroPHn ~PKe Agency. 'Kognlslng thelmporta""e of~. sat.l l ~e data 
10, cimatoo<hang ....... a"'h. has I.unchod. Long.THm Oata P......,.,.lk>:> 
P«>!Ir~mm~ Ih", ml!f9~1 ~y earth ob!<eov",lon data from acrosl Europe" . At 
lhe lome 11""" l~ EIJ~ GENESI-OR PIOjc-ct l$ ,,,,,,ling. grid·ba<ed (omputlng 
'1stem for ac"",lng and pr<><:e<sing the huge amOunt of earth o~",o!lon 
data which w~1 bKom •• vollabl~ Both u'" fundam..,,,1 m uM from Ih. 
CASPAR EU projKt en how 10 IIfMftW dlg~al ly ..,{~ Inform.Hen. 

• Humanltt.. ......... dle".'" <<NIlng CLARIN. •• ystem to "'labD,h an 
1n't9I;'1!t<1 and Inl~oper.ble 'Mea,,;h InfrastruClureof langubge r.,ou"; ... 
and ' 001$.1. doing $0, . hl:)" ,"" al"""eIy tackling properdata rr'IIInag~mt nla" 

kty di~nslon oflne Sy>I.m Iorlh. «hola,." (ommunlty. 
• AmonolM" alOund the wend.", creating Ihe Inl~natlonal Virtual 

ObseOVolO'l' 10 .Uow 'MN",h~ e" ,,,ywhe,,, to ace ... and u~data from 
hund,ods ef .t<tronomlcal data <ources. ,t,l", 10 be IndudKl . ", ""U~, of 
CQmp<Jler mode16ny and 'Imulalkln _ for il i> nel i",1 rllW ebsc"'atOcn' thaI 
.... th. bu.",,,, of moder. astronomy, but also th' rncdd< built from Ih.m. 

• A$ p.rt ofFramtwe!lc Programm. 7, Ih' EUIOPHn Comminlon .nd EU 
member·n ......... I"" ... lIng In a bro.d range of ,-Inf,astructu", pro.tecu. The 
GEANT r ..... arch·d.n. nelworl<. for InnonOf. connKl. OVef40 mll~on users. 
8,000 In.U ullon. and (0 counl'ies." 0 .... .. project, provIelUCCe<IIO 
«><>p'''"'I~ go"ld-«>"'porting piotfQrnu, geYtlQP wp'",o"'pyting <~po<ity, 
,nd If)' th' 9"",ndw9r1< fort"" a(Of$! ,nd "'_"'alion of «J4,ntifk 
Inforrnadon. 

So, ~ Ihl. be dreaming, II Is don. w~h e)'ti Wide open. 8uI there remain many 
cha llenge! 10 "<Idrts~ ;t$ w.tL 

TIM> fulure of e·!nfraslrutlure for scientific dala !~ 
bright-and already, enensiY1! work is underway 
10 make it a reality_ 
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III. Facing up to the challenges 

C
.rtalnhl. autlR\l • K~nlitk wolld bos~ en .. Infras'(ructulfl will ne! b. 
."'1. ro, st.rt«>, It is lKhnkally ddl'kult. The ,,"ie and complftfty of 
this global w:50mlftc assl'1 * w~h .11 Its ............. In'trument>, WCOOI.olion • 

..,d networks - M: (OJIy ""'.~ The~.~ many planning pJr1.II~ C<)mJl>:)n 10 

.111"'11" Inf,,,,,ru(lu", prl)j«t .. The", CI" bet/,~ po.",' ,,,,hnk.1 0< 

"'du"''''' protMerm 'h.~ K unf«09ni<ed, <top .he 'h<tw. ~Ie can ge< k>dod 
Inle ,ub-optlmaltl'Chnck>glM, thin. cf the OWEfI1"r' lillRTY (CImpu~, 
k..,.bo.ord,. with k. In<"fflclenl t..1 now Immut.or.IayoUl. Ga~.)'S, orIgln.ny 
aNI..:! 10 Join cUspa,"" sys~m~ <.on IOI~ boco"," b.o,~" 10 progfM. In 
tl\l.:mselve... Sho,Herm fundln;;: decisions"", undermlne !h. ')'$,.",\ longt<· 
Ltf1'T1 /Ie •• lopment, WhO! works i:lelllor. local uSl:f <:ould hamper glob.ol 
Ji.,o.;tiQn,. 

Th.I~1 of p~f.lI. ~ leng. Sua .... ~uil ... cMul. caof"lInlt.d and agile 
planning. on • glcbol., wd .. EU Ie • ..t E~nf, .. !ruClu", for Klonee ~ en •• f,.. 
wh.", fr'9mentatlon of.ffo<t Is mer. th.n in""'~m.nl or "<"ffIc~nt; it h 
inimical But th.t«hni(:llluu01 or. onl~ Ihe t.,glnniog <A Ine challen9t< 10 tMr 

_r(Om .. Con'~r. 

• How wlilwe p"""M tne d.>ta) Alwe ~D have seen, the mecHa In which we 
store Infotm.lt~ choIngHon>t.ntiy - Irom magnetIC <011s, 10 !.lpe, to diSk. 
'0 ~D koy, .o'cfoud' .to,og~ .nd >0 on In An ~ndl ... choln of In.~"tfon ond 
obsol..sctnc .. wtlO1 wll l l;lt Ih' point of storing ,lllhlS Id .... ljfoc cIaIa it; , 
ctnlij/y Itom now; It has OtgI3<!td, bHn corn,o~ 0' 1$ ,Imply tOO difflcij~ 
ler anyone but a wfil~ulpped expert to uw) 

• HOW will we j)rctKt the In~,ity of tn. d~UI) Even today, It 1$ fIIsylo, a 
delfimllntd I ndlvld"al ' 0 ~Ilfif 0< eo"" pi dlg~.1 (I&.a Ilh Ink of . 1I# eon "'n\ 
(ontrow~owrWlklptdla e"trles.j Al thed01.ti<Hrisf.s Mghtr, howwlllwt 

.;let«! unauthorised , 11'!;IIlo",) SIoould '''.ry ,"""."'ht~ and Indm <IIItry 
<I1lRn, h",. ,",,''''Itoth, d",. "l'OIlto~t<l Slloul.;lth,~ be .;Iift.,."t lovel l 

of 01« "" .Ilow..!' 
• HowwHl ... convey th' (0111.", .nd P"'O"tnance oI'tn. d ... 1 Glv<!n .h, 

emerging """d .o m.ke.U prJblicly funded <ewoI",h dat. prJbYdy av.lLlble, 
JUSt h"'" will ust" from a wide ",ng' QI ba<kgrouncls un.;l.f5tan.;l and qut'Y 

.'Of.' r~1 """1 
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Ih~dala Ih~y ar. acc .. " ns. and ""'09nlst tht .!>Klal c~cum".nc •• U""'1f< 
willet. II w .. collKt..tl ...... udy. In m..tkal ....... 'ch. pot.nliaUy total .f,.," 
can ... f5<I by ' .... "h. " Inadl'«tently ml.ln'lf<prMing the drug,,"rlal dalO 
colleaed by O1herl; "Halled 'n>e1Hmaly$ls:to ma"age ,uch compltx ~ it<. i> 
farfromdcoe<t/lln sc~n""_ 

• flow wil l we pay for all this' """at new funding and bu,ine" ~Is wiD we 
nHd, so thot l'\Ifl'fOM' ........ ch ...... n'tIP"""- cklun.· haw adequott 
Inctntl~ to con,Obutt to th~ dot. lnfras'ructu,el Wltat kina. of dota. un~' 
what ckcurmtancM. .hould ~ f"",! 

• How w~ 1 we protm tht privacy of indt.ldu." Nnkedto tht data' We have 
already ~n how easy ~ I, lor ,u~ .... f~u.1dtd data • whtlh tr t<'lC 
IiIH Or htalth «<ora. "0 be 100t Or m"ust<i On one hand. ""' .... to this dat" 
Is vltalto ,""Nreht " "udylng the KOnomy or publk heakh. On tht ether 
hand, c.,elMsnH. In handHn~ t~ data compromjsf,. ours.fHy and _u~ty. 
flow will we fHOl~ tM. pa<ado>:.l 

M.ny oft" . .. I., u • • InvoW. tru.t. Oat .... lnltnslv •• d. "ce optrat" at" dlnance 
and in • distributed way. ofttn among P"Opit who have ntw:' met. n_r 
.poken . • nd, IOmt tlm ... n_rcornmunlc.t«l dl,..nly In any form whotsoew,. 
Th. y mu.1 .ha.re ,""ull~ opinion •• nd dala a. ~ they wert In 1M ..... ,OOm. But 
In ' Mh. they haw 1>0 rea l way of knowit>g forsu re It on Ihe olM'end of 'ht lin • . 
t hoy"";l1 find mo" 0' ..... ""In~. ooU_",IQ. 0' oompt"titO" ,.~.b~ ...... n~. 0' 
con,a .. l$\, ca~ 1 .rch;'~1 or data , lob. And 11>0 .. problem, cQn""," me,ely the 
Klenllfic community; wIIal3bout when ~ adr;la M\kr population J Many fleld. 
require Ih. publIC to coope,.1t In ,u~plyln~ d.lI. (W~lln9ty 0' MIl. flow wWI ~ 
Judge Ihe reHabH~y and authenticity of data Ihat moves from a ~ftonal a.rchW. 
Inlo a common .<;1tn~1'II; ~~Itoryllf Kltn" ~ to aMn". all (hest qUH~onl 
ofl"'" mun tit answtrrtd by Iht Inf'lIIln.rcturt, ~If, 

O ..... a. !nlra .. " .. roJ'~ 
OUr Itocl< of Intangible ~nowltdg, .• ~~ndlng it1l<>day~ hyPlf<'iPMdl, ntllds to 
i;)t IhO'.lght of fS a new kind of mtlln It<elf. lhat Ilf(Vt-I alL Ililuch. K 'tqu lrt-l 
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Inl .. op .... bllIl)' 
D/v~rsity is • domln.nt "alu r~ of .d~nllfl< Infoon~ kln • dIv .... ityof data 
brm~. and tyPfi. ool_lso of tn. ~t and ccmmunk" m~ gt_au and 
u>e Iht data. Mn within Ihe lam. ldemlflc community, th.re are dlffer.nt 
poIml of v~, differtnl ways of analysing , lh'rIng and handling da"" There II 
also dlv.rsf!y In now m. d~a .... stored, c~~rMd and map~ Th .... I. 
dov.rsity In who can ace .. , wh~ kinds of dat .. and how · from Ilgntly prottcMd 
mll~ary oat.mt~ lmag" 10 f_1y acc~"ltH Goog i. £artn vltwo. And ... 0<1t"'" 
/Id.ancei, d,,~~y II bound 10 IncreMe . 

.t.chievlng an Interoperable data Infral"""u", In tnt midSt of l ueh 
het~rogenf~Y" a ,lgnlflcanteh. ll.ng •. Non. ofm~ ~l.nllal o.n~. oflh. 
"'~nllfle d",. WINe wll b.- hamM~ unlM' - given Ihe proper ace ... r\ilht. - • 
~ eny and ehNp to rum"'"9" through relevant data fl lM onywt.e... In mtwond, 
In any r .. 1d. An epldl!mkllogls' in Gen""a "ud)'ing In.: late" nu vlru. wi l benefit 
greatly from btl ng ablelotap e<>slly ... ,,' DNAd~'" London of 1918 
$paohh flu ';<tim, _ and Ih. tpldfmlOIogI't~ work $houid ~ acewible to a 
poblie hN~h offidalln Hong Kong, a oystem. biologist In Son 01"'90 and a 
medical hlstoo1an In !!osten. That\ all po"lble today. but wnh grNt effort. ,kl," 
cosland II"",. ~ leap fDIWard In Int tfOperabllity wil l chang. mat 

In' .... lIve< 
!-low <an w' g~ rf"UKh, rs _ or indiltldu"" _ te contribut, toth. glebal d~a 
H1~ Only If lne data .. ffaslructu", become> ... pr.,ont.llll'e of Ih. work of all 
~aKh .... will k be u.tfu~ and for that. • great many "lentISl. and eklun. wi. 
hlV<! Ie decide ~ ls wOllh Ih~r whlie 10 .M", Ih.~ data. Wlthll> Ihe «mstrall>U 
t hoy _ To, .... w~h, .hi> .. il ""'1uln,th •• , hey.""ttho,y>lemto ~"k~ 
prOl~ and "",nos. a«to. to th'i'~; an In«nliv. "n t>t 111. hope of g~ln 
from oth.fi'dat .. without f.~ of 1o11ng meir own data. Bul for more valuab~ 
InfOrm~lOn. more direct InCtnt lve1 Wil l be noeded - from uIHr advanc."",nI. 
to rfpul~lon 10 e..sh. Dt'v1li1'19 the rlghl lnCfntllfl wlllfoK' chang.sln how our 
univtfltt .. a~ g~mtd .nd companlt< o ... ~nlstd. ThI,I. ,<>dal ttlgln •• rtng, 
notto ~unde'Ul<en hap" .. ardly. 

fiMnclal model • 
.... 1 of . hl, {<»I$ money - sowllo P<'YI. and ~owl To • eon.OIe",bI. "",en~ 
~ientifle .~n"" .. ruCfU'. reprf>'On'" publicgood. ~ 1$ vif~1 that gl)\lem"",nfl 
~nd "'X~fi ,tep In to provId. m. (rtll(l1 funding In tl>ose In,t ~n(f'" OU r data 
futv", wU look ~Nk ~ the public sector und,,~nvtot ... Of cou~e, IhO,.I, prlv~. 



   

   

      

 
   

     
  

 
 

     

 

            
  

          
        

               
          

            
   

       

 

         

 
   

     
   
   

     
 

              

  
         

                          

            
       

    

Changing the Conduct of Science in the Information Age June 28, 2011 

84 European Union 

Sci .. ntific .. -i nfrastructu ... -a wi sh list 

Tho<loo l<l>" 
~f" ~".,,, .. fo , 
"*>ao .. 1 "" .. . 
h "" ' ~n' .,,,,,,,,,1 
cO,,>ct .. ; ~'" 
Ho .. " • .oo-.o 

''''''''~ >on, 

• ."' on " .... """" .... ~ ... ~"do .. ,.,....,,,,,,. ... bo II"'R'_ 

'" " p"".d """"" ">"'" 
• _...., oon_oig<""" ' __ "''"".'''''_~1oo'on 

I.", "" ,"' " .... <""""" " .... <..,.,.,-",;'" 

• ""'_ ,.,."" """ -.. ' ''' , . " " ~ ' ...... "-'JO """"' " IT,,"'"'''''''''' "')n' '''' ""'''' .. ,,'', " .... .--m1oo 

• ' '''''''I'''''''§ '''' ",-",",,,,,,,, .. ""1-""'''' 
~~,..... ,....,'''''''''' 

• '''0'''''' '""'" ~,,_"_"rup" M'"n""' ''_ ... on .... 
~,-

• _._~"""m." ""'''''_''' '' >g __ 
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gain", w.N. WIo.n I gOWfnm.nlllboullory ccnl,ibulH ~, ,_ ' ....... ch dati 10 
Ih~ glcbal "-nf, ... uUCIu,., ~ 15 c.ruolnly u.lng prlvat~ u .. " Ih • .,.~n .. of 
,unning thosoo .,.~rlm~nl> on Ih~~ own. (qullly, when I pmll. cDmpon1 
(:Onlrlbulei ~,own r~ei 10 til. ,y,t.11\ ~ .1>0 h.,ps th. pubic ... ,urch.rs, ~ I> 
Imp:>ttlnt to devllc fun(llng me.;hanhm' thM .nable al l 10 ccntnbute II ~1I.s 
to bon"-", Ihrough an "'CfHied ,,",um on In.Htm. nl 

Th ••• h'UH cln bo ,...,.,,«1, w. have ",~rlenc. of pall chong .. In how we 
'\o~, , h .... and manage •• I""ble ... st,s. 11$ 'he Ie.;hrtOk>91 oflood anc 
trlnsjXlf1 ,"",oived, >ocie1y moved from ."'f .. uppOnin~ farmers to IOWn mIlrkels. 

and from market. to. r3nge of ,upermarket< Ind spedalty ,hops. In finance, ~ 
""""td from prl>'lI. hoard. Ie communll banks to Internllienal mlr1<..,., The 
.. "'" polh from .,divldual ccnlrol to Int .. nlUcnai =hlnge must ~ trodden 
b<j dill -Ind...", k I> IIINdy hlp~nlng, 

It Is Important to devise funding me(llanism~tllat 
l!nable aUto contribute as well as to benefit, 
throughan increased return an investment. 
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Col "" ", _ "" ... ~ m , . ,,", ... n ,_ ."._ , .. , .... ~"''"'"'' """'~1" 0-
""~ 

_"" "''"''" ~'''_ ~ __ ,, __ , __ ""n,.",,""'" ",-bo 

""""~ -"" ... ~ """ """;"'''' '" ,'" .,,~ ,.,.. ,'" -",,; .... ,,"" "'" "" ,. 
'''''''''' ' bo ~~"," '" oon_' 
_ ,., '" """'". '''_ ...... ""' __ ;,.'" ,., _""" h""" tv .. , ,, ... 

""'" "" " "",,.,_ ",,,., ......... ~ ' .... poh"""",,, ~_,,,,un.,,, "," 
"'., ..... ... "0"""' 

- ,., "' ..-.--..-. ~-""""""" ~~;p;no,..".."... " ., """"' ...... "" . -
",,;p;n~1 ""I" ~_ .... ""'" "'.' 

_ ' ''' ... ...., ......... rut _to""""""" to)OOd ""'" "'>""" "","'" rut 

~- ' '''-''''''''~''''' """ 

_do", _""" h ~-.-. "~"";'1- -OO' .. ;V " "" M." " 
""-"-'" "" , ... "' . ... ,~,,,' ~ .... , .. ,," oorrmx;'f' 

_do ... _ , .. , ... ~""''1 ",_"",,,,,,,.,, "'''' ,"" _ , .. -,;" '" bo_ 

~~- ...... ...., '" ""'§ - -"",." , 

_'''' ... """"",x" ...... .". .... ..",,'" g_~ ___ "b" ......,~ 
-~ .. ,,~ 
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Sd .. . 1i< o-.. In •• "' .... _"""" do.II ...... "'~""""~, 

"""~ ... "' ...... _"., ... ,;",",","_ .tono,t_'" ""-"'''''''c.""" """"., "" "' _ _ 'om_' 

_ "., .. ~"" .... .".." """" "'" ,,'.n"" "'" d"","",~;"" """"wt 
"".""",, ~ ..... """ ~~ 

_"., .. """'_ ",,_.d_ ''''..., _. M~'''' hm_cr _ ,,, bo 
,;g,t ~ """do"""'" n ,,;>,.., ~ ".no W"f' 

_do_' .. .. ., .... "';ru, .""'''''~ ..... __ " • ....., _"" ..., 
__ do"'''"''_t~,.,"",,, ~ ........... Wi..., ."~"" '" ><m "" "'" 
."."' .... ' 
_ '"' .... ~,,,",,',, ....... t_'''''''''',. _~ do" , .. _,~ '" 

.".. '"' .... ,_ ..... _ ...,., .. " .... ,,,,,,,,,,0< ""~ to """"t~" ~,,, '" 
"'"",_>om '-''''''''"'''I '' _. ,,,,,",,,,, 

",w "' ;" '" "" ;' ru _ ' ''' ... OW, ><'" ... ,,-., " "" '" ____ .._...: .." ""'" ~ "., _..""" 
""'" "'''''' "I ''''''.'''' ,~ """"~ 

... """~ •• '" ~ " ....... , .".. '"' .. '" '-'" .", ... """mt~"''"'"'' .. ,_tWO "'" .... "" 
"""'-..."'" ~ .... '-"-"';n """,,~ """ '"' ... "'" en ~"''''''''' ' ''''"''~ ~ bo 
~ .. 
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IV. A vision for 2030 

T:;'M",," "' ~,., .. , . ... "'''''''.".'''''' ",t",.m, ~, . 

""'," ",W~_._"'"_",,, _.,.,..."' ~ "'i"", "" ,,,,,,,t ~_t "'" .... ""~ ... bo ... ~ :1JiIJ, w: '" ' ''' _ """ 
~".j ~""""" "",,,it,,,,,.., bo ... it ~,., .. , . ...... "''''.,,~_ 

.... ""'" oon~ " "'oO<j\ .... "'00<r0!"" "....,. "" '" ""'" "" 
to, ... ,,"-""""", _ en " __ p>nt ~ .... _ 100 "''''' ~".""" " 

~"'"""'~ ,..--, """ '''' ""'" "'" " ."" ... " "lO'" • • " .. ~ ""'" ... "'" ~"."""" "'om<; ~"_ .." h " .. -.-..'" h ... 
toromo ~",,",',, _. """""' .. ",on""'" ~_. -.,""""'" h 

"'''''''''I''''' _ '''' """". "" ... ""'" '" n _ on 00< "1" 
M"''''''~'"_ '''''' __ '''' _ _ -'''_ 

,All "' ... ~,.", f,, ~ ""","~,,, oo" on. ,,,," ,,iti . ,,, th o 
, ...... , "~ i < ....... " ,fth . ff " '" i ~ ,"'t .. ""f ""...-i" 
,,' ' h .. ~ , , ~. ". ,,,. ",,,,,,,,,, ,,. i,,, tho " im " P'"'''' 

-.;, ""I , 0Stj """"-,, - w: it" ~ '" """.on....,,,! ,,, _h .... '''' 
~","" ""''"'I ~ ,on"'" "-',on .... hOm"'" "," _ -..., ",,0. h 
"""~ ,""''''' M""", "'" ~O."'" """,,,,;,,,,,, "'" ,...,.-oj " 
""'" _"'"'"' mxh" it.,,,, ,, ._ "."'" "" ,,-,,""_ 
yom; '" "'''''''1--'' """-. .. """h"m.,,_ W:",.., 
","",,,,, toromo"to """"'"'" '" _ . """.-.., .... ,,~ .. , " 
""l"I" "' ... """"JO 00< "" ~,., .. , . hn;,,,,,-,,,, """""t" -"to<'" i """ , .... ~O"""" ""to '" .,.",." ,"" """"", ",,,,,,","" ,;""" ",,-, """ ." """",. "-1 "'''''''' '" 
"'-_""" "I"""""""""' 
~"" • • " " ,, "","',,'" """" "..ot ... "",,, ""'.,,"'''' 
" ' " ' ''. ,''''' "",,,,,,>,, __ t ,,,,,,, "". ' '''_ """"'''''''-'t _ .. _~ ... "'~",,<"""""'"'. _n"'_ '_on, it ... bo 

",. 



   

   

    

          
         

         
       

             
                

         

       
              

            
         

      

               
          

                  
                   

       
   

            
       

       
          

       
             

             
             

            

              
    

          
             

          
        

           

               
         
           

            
             

           
      

              
         

                   
                   
            

   

          
       

      
       

        
             

                 
              

             
               

   

Changing the Conduct of Science in the Information Age June 28, 2011 

89 European Union 

2. Resuuhers and practitioners from any discipline are able to find. 
Kceos and proceos the data t .... y need. They un be confident in 
their ability to use Ind understand dlta, and theyun eva luate 
the degree to which thl t dati cln betruoted. 

bpHtoodlmpa<l' ~~,(hen (.>" ,<>day iKC<:$> ""Wn~ >(lUll)!!<, 001 k 1$ ~ ~"'~II 
fr.ctIon of all dal' pnxlLKiI'd. In fulUf~ 'he b..,.,lth and d.plh of data ..... II.bI. 
to 'hem wi. grow d,omOllcoli)o, wh~lhenhelrdl$clpllne I, d.mogr;tplol«, oce.n 
(hem'my, h'gh·e"""l1 physlo or o"ronomy, Sde"'h"'Hf!e!M<y and 
p<<>dualvitjr wil l rloe bec;l<Jle they knOWlh~y <:an ;l(~, "~e. ,eu>e,,0(1 ","S' the 
data !hI!)' ftnd Inlpiralion or lerendipi'y , .... I~d 10 unexptCted ~ult$. Cr(>$" 

t'tr1ilisaUon of ldu. and dl~ipll"1I1 w~1 plOdu" nov.l.olulionl. and promOlt 
greOler und.mandlng of compiex prob!.m .. 

RI ... ofl",,<llon; ".Ihe volu"", and dl"""ky d .dentlflc data incrN>e, .. nd ... 
rfl.Oa..;h tlKo ..... mo'~ "'u~~dl~~ lna<y. ,-..,ct>"", , t"'ggte 10 undor<lInd 
and <0,..,1011 dala -1I1pt'dlli)o If from anoth. rr""d Th,y may nol find Ih' data aI 

aiL Or lfth~ ~nd It. Ihey a" nOl'u" it i> willi II d al l'll$ 10 t)f. ".a '1I1" lt 
,.", .. eh." bKorne lnae,,'ngi)o ~oLoIed, n.".ow .pt'd.I~I>; wldt·ranglng. 
",rendipllou"e.ull> bKom. moredjfflcult 

3. Productrs old.t. b.nefitfrom o.,-ning it to bro.d .ce ..... . nd 
p .... f •• tod. posit th eird.ta with confid.nce in .... Ii.bl • 
.... positories. A fr.mtworkof repositories iS9uid. d by 
Intern.tiona ' standards. to . nsur. they .re trustworthy. 

E)l:pHtoodlmpact: R.su,(!I..., &re ,~.,dtd. b\I uh.nc~ profll1,kln.1 
reputation aI th. 'iffY I ... t form. king thtl' daI' ..... II.bI. to ocn.<$. Confldtnc. 
that th.lrdal. ,.nnOl bt <OrtUp!td O( Iosl .... ,~ ... them to Ih ... t'lfn mo ... 
D.'. Ih.ring. wit h 'pprcprLo'e acee .. «>nl'o( is 'hI ",I •. nO'! Ih~ "'.ption. Data 
. ,e pHHevtewtd b\I 'he «>mmun~y of , ..... """'" ,.-"llng And ....... lidI\lng 
them. Tht 0"1(0",", A d>t.-.rkh _~y w~h Info,malion ' hat <:an be u~for 
n ...... n<I u",XPfC!td PUrpcj'" 
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RI'" of lna<don: Inlo,mHion ,lays hlddtn. "Ill. , .. ~orchff who "NI~ ~ In Ih. 
he~ ~ c.n yield me,e publication, 0' potents In Ihe fulUro heidi en loll Othe, 
f9SHn:h .... who IIH"d Ihallnlcrm.llon .ro un. blue 9t"1 alit. e, w.'I~ rl .... ro, 
O"6Ol1n9 II. Theouteom.: "world 01 f,ogm.nl~ d .. ~ ,oure .. - in fKt, • world 
much like tOOay. 

4. Pubticfundinll ri>es, becau>e funding bodi.s have confidence that 
IMir inveSimenu in rutarch are paying hack ulra dividend. to 
satiNY, through i,",~a...,d u>e and ,e-u.eof p!Jblidy IItneralt<! 
data . 

ExPKled Impo<l: lItsta,ch productivity rise, Ih,ough ea.y OCCfl' .nd ,~·u", 01 
dot .. Fundt-rs Ia~' SI'''ogle 'titw ofth • •• I" t of dot. - .nd pI.n In • ..""",nts 
IogI",a~ and oon'btentt)/. MOat;tl>lry glOWS glot>lllly_ New and une,pecl~ 
>OhJtlon. eme<ge 1o OU' m.ljo< ,ocietal ch.ll/:ngn. 

Risk of lna cdon: The publk ,Klo, unn«n, .. It)/ ,~fICb tnCIley en producing 
dot. ""e,.nd "" .... g.ln, bKbu", Ihey",~ Iesl or nnnel be found Datalh .. oro 
of the great.." v.lutle Ihe public (of. "public goods' naluro) art. ,ped.l le". 
Rt>Nfth." o....~001< Important in>ight" bocau,. they "'nnol ""c'" 0' 

un~",and poIt<ltlalt)/ v~al dola flOm oth-f" a,ound the world Owortun~i ... for 
P<QSJ ,.n and pros~rit)' oro mb'fd.ln~l"",nIIIOW$. 

S. The innovltive power of industry Ind Inltrprise i. huneued by 
dur.nd efficient .,nngem.nlo lo • • "ch.nge of d.t. belween 
p.ivate and publicstciofS, allowing appropriate returnolo both, 

ExpecIed Impoel, Dat. gtM,oII<'d for ont pufP<»t ......... ,t'd fo, elhe... and , he 
~ ofinnov.nlon - soc~l.nd ttChnologk~ - 11m. Commet6a1 r8t.lfth capability 
Is W~91hened bot public ~n:", and bn»d e,pt" iIe ~ h. ' r>fsoed to the bentftt 
cf all MoIliIiIy ~nd ~1O$!.ftrtll~n ~ the comm.malanc! acadtmlc «<to~ 
I"' ........ amplifying I h' Impact of '" nov.nlon a nd n~ di$oo\t, rIH. ~ companif!. 
job$ and Ic,.untl , .. ult. Euro~an Industryl! m""'{QIt'I~~e. 

Ri.k af Inaction: Su,plcion ~ nd ,""'e~ri" ~"ilu';'" develop between privOt • 
• nd publlc «<Io~ A .... (loUI ,Irele W(lln oflvory·tower ocadtmla ~nd un<:lt,· 
,"vest in g mdultflalists. Eu 'o~~,ompetit~n". luffff'!. 
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. ,~~. '", ..... , 

6. TM public huuc.n to and un m.ke cr .. tiv. use of the hUlle 
.mount of det ..... II.ble; it Cln .Iso contribute to the d.tl sto .. 
• nd enrich it. Citizen.un be .dequ.tel~ educ.ted Ind prepared 
to benefit from thi • .,bundlne. of inform.,tion. 

E1c.,..:lflIlmPHt: Ckllen. can .h.~ and contrbnft to th. scientific pnx .... "!hoy 
unde"tand 1M ben~~ts ar>et risks of ..... ttchnologl •• betl.~ If'Id rna .. mlonal 
political dod ....... m ... ~ .. 1M young a .. In.phd by an .mb~1on fo, n_ 

dl$("" ... ~ If'Idj(>it'lllle ,anks of ~tntists and engin~ ir1 fM~''''''e,n u'''t>e~ 

RI>l oflno<llon: C~I.to:n, ~ InoN>lngly dl>lru,tful of and boL"ed ~m 
",Ie"" • • and ... !stanl to loch~09Y. They "'" N.I!)' ml.11d by p"'udo->cience 
and pol~lcal o.maso\ly."!he .upply of engln~ and .d<'n~'" 1.lnadoquate 10 
"",Io-!y~n~ 

7. Policy m.kersa ... bl.to make decisions b ... d On solid 
evidenc., and un monitortM imp.ds of these decisions. 
Government becomes more truotworthy. 

E __ IO<! Imput ~io;y deci.lon. Imp_. and pubU" «>nfio.n(e In Ih. enrlre 
pol~i .. 1 p"'<"" rIs ... tt f> "",,,bj. to <0' ..-<1 polity m;,lakt->, whOlh., """"om;: 
o'woal, In ,talll", ... ~plegain to"fldfn«o In governm""l, and pol ~lcal 

participation ~ ..... 

RI>l of lno<llon: 1I"lnformed polllleal dKblon. Iud to Net , .. ults. and our 
«o>oomk, .... _ _ 0.01 and _101 pn>blom. "'ouflt. ~iti",n' 10' • ."...r,oknee 
in Ihel' ludtfJ. An inlptnetrabj. wall old .... ~'''' .. Ih. governors 110m Ihe 
gowmt<l. 

8. Glob.1 go .... rn."". pto",ot .. Intlrnalio ... 1 tru<tlnd 
;nleroperlbility. 

Ex_tO<! Impan: CRll"'" h ..... lOX ... to th.wo~d·' '10" of Information 
wilh"ul UnnOl(lSUry bour>d.o~ ... A f'omtwOrk fo, 910balln,~",pe~bility 
m.itI,.In •• (Qmmon. pubic 'plrce fo, l(!tn' lfIc dato."!his In~1ls lru" ~nd 
en,u,., Ih .. ,"" best "'Indl con mou uu oflnformatlon no mil,"', w".~ Ihey 
"". WQrId trode gfOYlj, ond 10000ttle. p<OIper • 
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,;,,,, ."",., .... ~ __ .... ~"""'100.""..., ... __ 
""" ,,,,,,,>an< "' .... bo;tmod, n ;"'_.." "'" _ 'JO 
"'_"""'''''. Tho ""~ ;" _. pn 

Who bo ... fits from 5<i<!ntffi< Q inh"st,uc:tu", 

-.," ..... ' "~.''''' _ .. ,.." - ,-" 
.." "'mcr.",,-,, ~ - ..... ""~1".'." 

"'" ""' "'" ."- '"''''''-''''' -, '-' "" , .. """"'. 
''''''"'''''''''''''''''' ...,.-" - , ""''''''' , ,,,,,"""100 ~ ... ''''''''''''''''~'''''''''' .... ..-.-.-... ,,, .......... ,.,, 

, .... ,.., ~"'.-...-"' '''''<." ,., ,,, ...... , 

,.,. .. ,"'..., ."" .. '" --",-.., ,,00><,"'1 
a=~~;p;n·1_~""""'_M~~"" """" ... -".",." 

u" .... ""''''''''''' 
~"'m •• o'" '' _ "',-.. ~od"""'1 
a ___ m_~""j>b""","""" 

,~-.,. " ~ ...... ,,, .. ~~~ , ~ '-- ... 
'--"01"'" ""'PO;'I 
""..,. """,,,,,,,,, '" nrtlI<'I "" ~ 
uh_ 
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V. A call to action 

.'.'~' '"I "'ovl 

T 
h. ",.ntlfte and social ~n.r~, rA cu, vldo" ar. ""","'OIlS. But th ........ 
many OIher prlc!lcbl ..... on. 10 act. ICT I. one of 1M main ongm., of 
KCnomic 9rowlh.lll. to our "'II' whal pavtd hlghwa'f', natlenal railroad. 

and Irutr..:onUnen,.1 \eleg .... phs wtre 10 ta~l ... ~ne,iUlons. Yet In Eurcpe. the 
In(!usn), urlderplnning Ihb v~.I..:onomk octM\y ho> hod many dim,"~1e1.. 

And, '" 'he EuropUn Compt<Iv~, (Quodl ha. oote<l, 'the ICT Impact "" 
prcductlvky ~ltIWIh h Icw« In Ih. W than In mojo< trldlng partn ..... ·'· ... 
COntMtd EUfOppln offen te build P-lnfr.mutlu,,.. fcrsdeo<e wlll.tlmulate 

IM,I"" ~and for ICT. n will 11"11 Itt.! bet from ICT 'tSNrdoH>, .nglnH" and 
Indu,ul.llm, .pu rrlng gn)W'lh .ndjob$. Md ~ w~1 pave Ihe dIg~al hlgh",.y> 
lh1ll EUfOpe<ln Kil:ncew~1 n~ 

Th~ Is • <I .. , roil: fo<gOllefnmen! .. . ~ Ihi>. We urge our .. _,. to like Imo 
<",,,lderatlon the following: 

• ... good f,.,,-cO< for the yowman"" of,jot. wii t.. •• ou",. Ii >,,,,nglh In 
the most .nowltd9*~nt.n"v .. Indu!\ rW$. foItllfiog Ihe grcwlh of (ornpanOoi, 
SOQd$. and ...... ,<t< w~h tht Mght<\ valut-i>dded. ThO$' ~Ionl of\ht 
world IhOllud Ihls poll<)' debOle. .nd d .. eloplhe lechnologlH ond 
industry 10 IUpporll!, wli goln compe(~",e ad •• nlage. 

• S<I.nl ifoc: ,·II\I" lIr"(I"'" Is t< .. n~allf w .... to addre.s the Gr.nd 
t".llo:ng~. <>f._y, Un<!<"'Qna;ng <lImo .. <".n~~, f",~ lng .~.m"I'" 
, n'19Y JOU~t<..nd prt1 ..... ,ng Ih' h • • ;u, of.n ~Ing populOllon .... <>II 

fltnd~hly <omp~, croSl..:l~<;lplln.ry probt.mSlh<'l r.(luJrt high. 
~rm.nc.data .torag •. Imlrt an.IytICI, lransm!s~on and .... Mng to solve, 

• 5<><111 coheslOfO will depend in pan on how fa1,..,. and opeon ly knowladgt and 
information !low within ou, 'eglon and ""!WHn the ""bUc and private 
1«\"0', tflnformallon Is pow"ln Ih' ~nQW\t'dgf «en~my, govtmmenlS 
muS! ensu'. th.t tht bf:nef~s .... ppropri,>tfty dlS!rlblltfd. GQ<It,nmtnIS 
m IXI we'" tfftCIw.ry Ih l'Oug h publlc·prrv ate r»rtnenh I PI to dev.lop 
.. lnf.,.,.ru"," ... 

• In''''M~oo.1 CQ\1.l:>::>ratton Is e .. en'i.Ir~ , h ... rs no ,uch lhlog,.,. ~u .. 1y Irxll 
or o ... lon,1 netwoflr anymo'e. We "'ul' <olaborate In gleblll ¥<hl, t<tu.tl 
and gov.ma",. for ,"nf,.»!ru(lu", and We muS! shaft<ost. and 
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Wtth Ihl. ~amble, we offe, a .hon·bl of action by varlou. EU Inn~UlIon~ Of 

cou"e, wt ' «<>!,Inlle t!>ere has "'ready been much WO.t. dontln Ihe fitold The 
Commission has lundood s~.1 project> to d~lop dlS,ribIJ,.,.;I «Imp..~nS 
envlftlnrMnu. dolaba . .. for dlsclpllne .. PKIflc conl.n~ and Ilb,.ri .. fer n .... 
lylM' of online communlcallen~ lh.,e h ... bHn much dtbate • from Ih. 
Commission, Ih. CouncH and tht Parllamenl • aboullh. nHd to.peed 
d""oIopmem of sdemrflc e~ nf'.'lfUClU'e. And WI: <>Ote [h~ mi'>ny other p"bllc 
bodies h_ !)cog"n «Inslcltring Ih"'" mi'>tte~ For Ins",nce, the group reporting 
101h. US ~ of Seieri«' and Technology PoIq. recently p..bHsl>ed ilS own 
agenda and 'KOmmendaHon. for en.uring 10ng4:. rm Ke ... 10 dlg~'" 
Information." BUI men, u(gen~ conc",le action I. nHded from al partin, we 
beH ....... Flnl.ltps Indude: 

, . o.velop an intern.tiona l framework for a Co lI.borative O.t. 
Infrul .... ~lu ... 

The .m'''gln~ Inf,.",uctureforsejenlifk dala must be flalble 001 ",noble 
'''''" .. 1'*1 cpo:n, 1«al and ~Ioba~ offordlblt ~I high·po:rformaoc.. Obltio<Jlly, 
IhT,I. alan Old., _ and Ihtr. is "" ont IKhnology Ihal ... know today or ""n 
Imagl netomorrQwloa<;h ....... ~ all Thu~ what i,n~ I,. broad, o;on(tpCu.1 
framewcrl< fo, how dlfferenl companle., Institule~ unlven~le~ governments 
.nd Individual, would Interact wllh Iht syS'Iem - whO! 1ype1 of dol4 privileges. 
IUlhen~cation Of po:rformlnce met rIC. shou ld be ~.nntd. Th~ f,l[ntwor1< 
.. .,"1<1 ~n."", lh~ ,,,,,'_o1hlnn, <>f do'.., _1<1< 1\:>, if> cu,oIion, .nd porn'1~.n 
easy Inte rch"nge .,.,ong tht generato" .nd .serf ofdata. For [hulkt 01 
illustration, Wt C<,IIllne belowll" brQfQ!'S1 building block< of ludo • 1,._11<. 

The Commission has funded several projects to 
develDp distributed (omputlng environments, 
databases for dlsclpline,spI'ciflc content, and 
libraries for new types of online communications. 
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""","' ... t ... _ ~_ ..... ,,, _"' •• ,-=, 

, ... ""'" ... ,," " • ' '''''ox''' ocr K. "" "'~ " .. '" "'" , .... .,.>0 ,,10.0:0 .. 0 . .... _ ... ""'" ~" "i .......... _ 
,,,,"On .. ogKU •• · ", "' ... sen ....,. .. "'" or...". '"'''ox''' 
_~"'''.= ... '"' .. "" ...... , ..... .,,"'''' '' , .... , .. w 
"><0< ".'''. _~". "" ..... ct ... ..,. . , .. t,,"" _ "tla. 
og""''''"'- "",. -. _. ""''''''' ...... ''' ..... "' .." ... 
.......... '" ."', . .... 00.0< ... n. _ "',"'_" ... ... 
..... _ . CO .. "". 'lOt ,'I'''''''' o..ogot . ..... OJ po) ........ , • """'''_ ~_ or"""", .. , p:o t .. "' """. <m ~ ." "' _ . too 

"'"" " ,,,,,, ''''' ''''''lao .... ' .. ''''" ~ or ~ . ,," ' '''' 
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3. Oevelop.nd use new ways to menu ... dati value, Ind reward 
thoH who contribute it 

'MIo ",nnlbu~ ,Ile mOSt 0' ~t tothe dat~ (OmtnOflS1 Who u,f! ,he .....,.,,1 
'M"'t is tile mOSt v~lu~ble klnd 0/ doc", - ~nd '0 whom? HOw efl'lcl""'fy ~ ,he 
da'b Inf'''''ru<lu", ~Ing u..-d Ind mllnlblMd! Th~ bfW IU m .... u"'m l n' 
quesllon,. A, P""""~ W. 10 ...... 10" of d;tr.fItIt' wO)" 0( In,w.,1ng Ih.m _ bul WI 
nHd ~II.'. mor. unw. .... 1 mt1ric .. lfwi hKllhlm, funding b91""~ would 
know wh", Ihe, are genlng ronhel' mont, - who IS USi'lg It wiseI)'. 1Ie<""l(ht~ 
WO<lld Irnow Ihe mO.l err"lon, p/Olhw"",, 10 get wh",tve, information ,hey ",e 
seeking. Comp/Onle-s would be able 10 charge more _~ !orthek services. We 
urge thl Europoan Comml"lcn 10 Iobd lhl nudy of how 10 C","'" mllnlngful 
mlUII: .. In coliabora'k>n wKh 1101 "powe, u ....... ·1n Industry a"d academia. Ind In 

CDOP"(lIlon w~h In,omatlonal bodies. 

4 . Trlin a nlwv-nlralion of dala scilnli.ts. and broadln public 
undlrstanding 

.o.dI~lng all thlHf"qulre-s achang" of cullu", - a n~ way of Ihlnklng aboul 
who" you ,ha ... lnformfliQn, how you <lo-Kri~ Of .nnotate ~ for re""",", when 
10u hidt k Of prot~ ~, whon you <l>a'9 l for It 0/ givl ~ -"y. R roqul,.. "fW 

knowl~. at;>oul how ''''' •• 1(10 ..... u," and "'·u •• lnformfliOl1. In dille",nl 
disdpUn ... and ",unln.... We u rge 'hll Ihe ruropean Comml»lon Pfomo,e.lnd 
lhe mem~,·n"' .. adopt. n.w ~kle. 10 Ion., l hl dtvelop","nl of adIIln(";' 
di9'H ptOgr.lmme. "' 0<1' mljo, univ .. s~ .. s for IhlS emerging fi.1d of diill 
><i~"«r. Woe 01>0 "'1It , lot n-wmbo ... "alt. 'O 1",,"<10 0.'" ""'''09_0''' 0"" 
g"".man<o con'iOt~O(fj In 1101 (\Jukul. of thti' s.<ondary 0(100011, as part of 
,10, ITf.mIUa~lon P"'!l'ammtS ,loa, att be<oming .;ommen In European 
edu(a~on. 

s. Creala innnli .... for green tlchnologies in Ih. dlta 
inf ... I.uctu ... 

Compu.e" bu,n t"orgy - v .. ' q UMtillt< of it. Om <."Ut< ~t>l.orb about 2'10 of 
wo~d .IKtrldty proOuCflon. Computtr a,sembly al~ <on,umt< pr«ioU! 
mlner.l~ lots offft<~ wal~' ~nd add! !(I C02 l>"odUCflon. CI"rIy. ~! hardware 

compont"" muMlpIy Into tht ttllllo"S, tnvlron m",,~1 (onlt"ln" wI~ tlgh,,". SQ 
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lhe'::T Indu<try ""'" I» 1nu<>llolom 10 cMnve III lHOCiualOn _ ck,rblllOn 
m«hod:!, lO9<>g_ aut the hII ... voe bryotICI hl<dw_ WIItn , _ ..... 
.......... , copyol, dou Ht, M 01' sbo comu"," _8 -~u.llha<lgh lhe 
"' .... ....,. .......... 1fIdeood. bO!Iic InfotmMIOII I""",,, • .!h IIJ. ___ bnnool 
0Ider10 ntonn.wlon ~ ,~~ 10 '" _illY. Thb IKt ml/Ol be undtnt03d. 
and f«lD<flllnlOOII' two.dft MWonnll1ltii poIklH. WI u'llt' 1M {_ 
insll"' ........ lhey _II'W plano for C02 ,","~I ,nd-.,. tfI'Idtn(y. 10 
COMlOorthe mpact oI.~nf ... lfuaU ... ond ~ pok~ ...... "'" will "",.,.,. 
.... ~tho! _flSIIIY ~rQ'l'0 perform "Ie",,, 

6. Est. bl ish, high·t. .... ~ Intt ... ..,lnl.II,lIlg.o up o n, glo lwol t.v.1Io 
pl,n!o, d.l. ;nf ... t,u(\UrI 

.+.s .""ed p''''';OU$Iy.lt mIIJ<..s no_ ... lorone ..... nl'l' "'regbn I08C'lMone. 
InU!ropef~bllily 'equues Ihat the'. be reOpnx.ollg_m""" betwHn 
gow,nrrwnll_lh, digKal tqIIl.a~nl ofttad, " .. t its. Th,,,, mu" OliO be 
ag'-"IMI Ihal all counlrt.. ccnulbute. flXOIdIno 10 Ihelr ulag,.Ad needs. \0 
1M global e!foll; 1_ rete" un endingenhe .~U!m. We U'9f the (ufOPN" 
Commiulon to identify 0 group of Inlf",alioMol '~t.oIlvt1 ... ho COllie! meet 
"'Jua..rty lod~C\I" .n .. g_ ~," ... c. 01 SMnlillc ..... " .. INClu"'. n .l'>oulG 
01", 1\0$1 Itt. fi,,"uch I'I>Hllng. 

Ther ..... monyOlhtr ottlc>n._ ~M IlUtntlIilO the ~t 01 
..w....ruuctll ... for~..., dIIuil _ In!he M .... and _iIH .IA of 
pOI.n'~ ~how-s,oppen'lhi'l ... 1II nHd ._101\. We btkw INc _ ill 
~ fIorn, f ....... \l coIIbo<",_ and _ opptOKh 10 KittKJt one! the 
o-inf<lOftnKtII",to wppotllL W. u'llt' Ktloft ....... 

W" btll", INI Wt!.n IwlM"fit from a faNHlng, 
mIlJbotllli¥' a 1M! o~n appmach 10 u~nce Jnd Ihe 
p.III'rastructal'f' losuppon 11_ W, urge Idlon flOW. 
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y .... 2030Vlslon - and t .... r<KOm ..... ndatlons 
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AHH " 

Wh.t could J'OOpordi .. th. vi,ionl 
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Identification and the Complex System of Research 

James A. Evans 
Sociology Department, Conceptual and Historical Studies of Science, and Computation Institute, 

University of Chicago 

In recent years, it has become broadly acknowledged that government must 
increasingly account for public monies spent on research. This is partly the result of 
a resource-constrained environment since the economic downturn of 2008, but also 
recognition that U.S. grants for science and engineering research have grown so 
large that they remain the major driver of contemporary research. To account for 
research investments implies a sufficient understanding of their consequences to 
improve them. Development of such insight, however, is no small challenge. Not 
only is the making of awards distributed widely among agencies and personnel with 
specialized expertise, but more government sponsored scientists produce and 
consume science in more ways than ever before, such that the ecology of discovery 
constitutes a complex system: inherently complicated, involving stochastic 
elements, and predisposed to emergent or unexpected collective outcomes (1). The 
increasing digitization and wide availability of data and published findings has 
contributed to this complexity, but it also represents a major opportunity in our 
ability to collect rich traces of scientific output. 

I argue that taking hold of opportunities afforded by the digital era aligns science 
policy needs with exciting research questions in the social sciences. For example, the 
organization of large experiments and data resources in some fields has shifted 
scientific collaboration from the level of shared papers (e.g., social psychology), to 
shared dataset development (e.g., economics, education) and the design of 
experiments (e.g., high energy physics). Because the market for scientific credit 
began and continues to operate predominantly at the level of published findings, 
contributions of other scientific resources like the production of critical data and 
research tools do not receive the appreciation and may not attract the talent and 
effort that would most rapidly drive scientific advance. To make this policy 
observation actionable, however, requires both identification and measurement of 
these various research products, and a model of the scientific system that enables 
prediction of what a more optimal allocation of resources and scientific credit would 
involve. Digital data on articles, data, and patents makes it possible to design these 
measurement and models with sufficient precision that they address fundamental 
questions associated with innovation, markets, social organization, perception and 
decision-making. 

As a first step, scientists and policy makers have recently begun to promote 
mapping of the anatomy of science in order to assess the placement and short-term 
returns to research investments. A second step involves developing rich models of 
the physiology of science- the complex processes by which some questions are 
asked, some projects are sponsored, some methods used, and some findings 
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published, amplified and used in advance while others are not. To effectively 
address the first project hinges on the identification of essential elements in the 
research system, and the second on realistic models that capture essential 
interactions between those elements. 

Identification and Measurement 

The first step toward understanding the scientific system is to identify key elements 
in the system. These include, but are not restricted to the following: 

1. 
2. 
3. 

4. 

Researchers (i.e., authors / inventors) 
Research funds 
Scientific knowledge: 

a. articles 
b. citations 
c. methods 
d. tools 
e. data resources 
f. concepts 
g. findings 

Broader societal outcomes: 
a. Economic growth 

i. jobs 
ii. start-ups 

iii. patents 
b. Workforce 

i. student mobility into other jobs 
ii. student presence in jobs 

c. Long-term social outcomes 
i. health impact 

ii. environmental impact 

The first two constitute research inputs, and third proximate outputs, which are 
themselves inputs to later stages of the research process. Although the first 
outputs-research documents and citations-have the most conceptual integrity 
and are the most often measuredl, they are unsatisfying as sole measurements 
because they do not represent the primary level of granularity at which scientists 
make "moves" and receive credit in science. Yes, academics publish and receive 
accolades for articles, but that is an outgrowth of their development, dissemination 
and promotion of methods, tools, data, concepts, and findings that seek to influence 
later work-to influence and advance science. 

1 Even the "integrity" of the article is beginning to change in the digital era 1Nith updating online 
books and papers. 
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Technical hurdles challenge the process of identifying each of these scientific 
elements when the digital written record is the primary source of information. Some 
elements, like research funds, are partially censored because they are only 
sometimes acknowledged. Others, including methods, tools, data resources, 
concepts and findings are trapped within the full-text and can only be recovered 
through error-prone natural language processing and classification methods. All but 
articles and citations share a common design challenge best typified by scientist 
names. Scientist's names are sometimes printed with variation, and many share the 
same common names (e.g., synonymy and homonymy). The structure of the 
problem is that a unique set of scientists map onto a typically larger set of 
ambiguous names, and while this suggests a many-to-many global optimization 
procedure, the problem is almost always approached as a pairwise matching 
process to increase speed and reduce memory requirements. This choice, however, 
necessarily multiplies errors by not allowing certain matching choices to constrain 
the probability of others. All of these challenges recommend that in addition to 
"pulling" data from the digital corpus, the scientific establishment could profitably 
incentivize researchers to "push" that data either by entering it themselves or 
through participating to identify and disambiguate their research products. 

The Research Performance Progress Report (RPPR) and Star-metrics and represent 
recent initiatives to both pull and incentivize researchers to push information about 
their research outputs. The RPPR involves creation of a consistent, agency-
independent "form" through which researchers sponsored by all agencies of 
government report research and broader outcomes. In Star-metrics, agencies will 
gather information on elements of the scientific system (as also indicators of 
economic growth, workforce and long-term social outcomes) and may explore ways 
to link to updated research documents (e.g., a researcher web page) to facilitate a 
coordinated push and pull of information. Another possibility is to follow Brazil's 
Lattes system, in which researcher profiles are automatically generated and then 
researchers update, clean and "certify" them as acceptable. The central challenge 
with such a system is to effectively elicit participation. If it is not mandated, then the 
system must provide the researcher with some value. One approach would be to 
capture and automate a "workflow" that is otherwise expensive to the scientist. For 
example, if the researcher commonly had to keep multiple bio-sketches up to date, 
the system could automatically generate agency-independent sketches and other 
reports (similar to the RPPR, but for application purposes). Alternately, following 
the Lattes model, automatically gathering data from online publications and the web 
could entice researchers to edit their profiles, which edits could be used to improve 
the information extraction. The quality of information extraction would need to be 
high, however, because if quality was low, it would not benefit researchers enough 
to entice them to wade through it. One possible system design could incorporate 
both of these features by inviting researchers to enter their information for the 
generation of applications, reports, etc., and they could optionally curate "pulled" 
data to incorporate into their bio-sketch or report. 

Modeling 
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Once research elements are identified, the space of all possible models about how 
they combine to create new scientific knowledge and broader economic and social 
outcomes is far too high to explore exhaustively. This requires platforms on which 
alternate models of the scientific process can be considered and tested. Following 
the earlier example, this could enable scientists and science policy experts to 
estimate underinvestment in the creation of data resources and research tools 
relative to articles and findings. Then incentives could be put in place to shift 
investment. In addition to financial incentives, one class of enticements could 
involve the outputs of a Starmetrics-based assessment that ranks the most used and 
influential research tools and data resources, evaluated across the population of 
published research. This could function like an ImpactFactor or Page Rank for data 
resources and methods that would attract attention and implicitly confer scientific 
visibility and credit. Moreover, such a system could model and then rank the relative 
influence of each contributing researcher in driving the importance of these entities 
for science. 

These represent a few preliminary consideration regarding the possibilities, 
limitations and ultimate potential of harnessing digital media and internet 
connection to understand and improve the system of science. 

1. R. Foote, Science 318, 410 (Oct 19,2007). 
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http://www.nsf.gov/cgi-bin/good-bye?http://www.ratswd.de/eng/publ/workingpapers.html
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. nd .. tellit .. in ~e ",cie nce.,.nd (4) powerful comp.!ution .! mcdeli~ in m ete orol"l:'{. Th ... , • .nnol""i .. ~eneF.!te 
m ... i", d.u se t> th .. fuel p""',...., T oJ-, no!",,; .. for hi~h .. peed, h ~h.c.p.city netwolied connectivity h.ve d"n~ed 

th e n>ture of ccl.bbo"'tion and h .ve .J.o exp.ndtd opportunitie. to p . rticipat e in , cienee throu#< inoun' . ce . .. 
to rich inform~t ion r .. oure ... round th e v.<>dd. 'iVhti . ,hoo. dij:it.J te<hncl.o~ie. H e th e e"l:ine of thi> revolution, 
dili .. ! d.u' ar e th e fu el. 

All element> of the ptiba of .cienee - obo e!V>.tion, 
experiment, theory, .nd mcdelifil: - ."e t"'-n>formtd by the 
continu"". """Ie ei ~en er .. ion, ,cc"', 1nd uoe of.n ever-
incre .. in~ "'-n~e 1nd volume of di~it:il d.ta, b;periments .nd 
ro.eIV1tions c. n be berterde.i~ntd if . dch. et ei .upportin~ 
infonnation io e .. tly 1cc e .. ible, Aframewott of d.ta c.n 

provide 1 "ron~ foundation on m,ich exp . nsive theory c.n 
be developtd .nd refined, D.ta initiate, drive, 1nd produce 
dyn.mic mnd el in~ 1nd .imul .. ion .ppro.che., 

Inte~r .. ive .ppro.ch eo combin e the concepto 1nd tool. ei 
m 1nydiocipline. to ta1<o on .ome of the moot import. nt 
1nd difficult queotion> in .cienee, Theo e . ppro.che. require 
th e . btlityto find .nd m e d.ta from m . nyfield • • nd 
' pplic1tiono, P"'lre .. on queotiono .uch .. (1) the b .. io for 
hum. n consciou.ne .. 1nd c,,<"nition, (2) the n 1ture of d 1tt 
mmer in th e univeBe, 1nd (3) the identificat ion of ene 'Tf 
.""rceo th .. c. n replace fc .. tl fu el. recpire ins~hto from 
VoId"". dio ciplin eo into d .ta of m.ny different tweo . nd 
.""rc .. , Glob. l .cal e • cience th ~t c. n m eet tod.y'. ~lob.l 
d:.all.n~eo r equireo th e 1bilityto .h1re 1nd me . d io tribut td 
.rr.y ei ."",,;e. for. ",,;de diveroity ei infonnation, For 
eJ<.mple, the """ttin~ ofthe E. rth ' ... mcoFh ere , dimate, 
1nd interior, .nd th e int erpl1ybetV-"'en economics, culture, 
politics, .nd beh.vior in • ~lob.l h um.n .ociety, pre. ent 
d:.all en~eo th . t recpire d .ta ~ .. h er.d "",dd",,;de, Th e .cal e 
ei reoource. n eed td for 21" century . cience often requireo 
~lob.l inveotmento, .uch .. th e ~rr.y ei inotrumento n eedtd 
to explore our universe or 1 h~h-ene'l:'y ccl.lider c, p1l:1e 
ei reveali~ tho n.ture ei mmH The.e re.ourc .. ~ene"'-te 
po""rtul d .ta .et. th .. drive. cientific P"'lreo •• round the wodd, 

The New Astronomy 
All Mro""",,,, ob~ffe eM "'''''' sk,; bu, wit~ 
different tecMique" fr"" eM ~rru nd and from 1"(0, 
_~ w,wi"i d(/<rent foc et, l' eM u _ rS<! . TI>e 
resul' i, a pic,,"ii 'r o( dix ;p l ne, (e .~ . , radio, ef ' i"':! 
or X-rarawoM mr aod (o~'otioflai ~) , 

ail proJuci"i la~ ",I.,,,,,,, l' d"ita! da " , TI>e 
Cff'Ortu,oi , jo, f>r """ di"'oYe~ are ~r"'te" in eM 
(""pari=> and (ombi""ooo of dota from d(/<rent 
par" of eM spoe"",", fr"" diff",ent teI=ope, 

AW OM""'rs worldwide;"'.,. r"'''lnire.! thi, 
Cff'Ortu,oi'r and ;"'Ye 0""" a ""'"""k of 
( ellaOora oOM w es " NisI) eM infra,tructure f>r 
dizita! da ' a in teroperaMi'r JI>e Na w M Yirrua/ 
Ok e m <orr (N¥O) i, a parwr,;"op Of u s im o,"Oom 
if'dudi"i lVIi_ ,i oes, obser;a <orles, NAYo._ and NSf.-
fund,,) (enters, and federa! ""erocies irdWi"i ,I>e 
Smithsonian Im ~OJ om . TI>e NYO a!"" eeilaNra te' 
with eM priyate _ <Or (e .~ ., Gcrylo and Muo",,(~, 

' 0 ,Jeye/ef in terae(ffe ~sw/ porta!, <0 ti)e "'f. 
Tl>e NYO i, a ~i"i "",,,,,,,ro(eM worldwiJe 
Iriter""ooM )lrrua/ Oo"""" <orr JoI lklroce (l YCI'.) 

___ tho No.tbn~ y"",1 O""'''''Drf A Report P"'p...-.d ~ tho 11.-..1 Yrt",1 O''''''br)' Sc . ",o Dof~ 'bn ' .. m. So. f"'J' Jiwww . .ruo 
,,1_.od ,f~_oi.'N,,*-f~~·fdt 

Fe<" f'"'fC""',of >l> . dx "",",,~ "," 1 m.t>. .... doli"", .. u?", Horrn,tbn tt.."", boo _ d.,bI ~,nd "",onod o",,_ ,,~~, wOO ,Ix"" 'pock.It 
on d,t>. ...d "' "'" Iodonl ~"-' ~ __ "'tbn~ ..." ","do<;",d hom "'_"'" ....d do¥obp"-' f''''''' '1 "'" lodo~ ga.'O<""'"nt 

http://www.nsf.gov/cgi-bin/good-bye?http://www.astro.caltech.edu/~george/sdt/sdt-final.pdf
http://www.nsf.gov/cgi-bin/good-bye?http://www.us-vo.org/
http://www.nsf.gov/cgi-bin/good-bye?http://www.astro.caltech.edu/~george/sdt/sdt-final.pdf
http://www.nsf.gov/cgi-bin/good-bye?http://ivoa.net/
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http://www.nsf.gov/cgi-bin/good-bye?http://public.web.cern.ch/public/en/LHC/LHC-en.html
http://www.nsf.gov/cgi-bin/good-bye?http://public.web.cern.ch/public/en/LHC/LHC-en.html
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http://www.archives.gov/press/press-releases/2006/nr06-119.html
http://www.nsf.gov/cgi-bin/good-bye?http://www.gbif.org/participation/
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FUNCTIONS 
Th .. J\VG hal Ih .. following function. and 3cm~ti ... : 

• Flldli4l1J1<g inter<1€<'IU)' digital &'1<1 $I1<wgk plan d.et~lopmenl and impienu'l>l<1riOll. including' 

A!S<'Wng II.. , .. rrml Slilnos of &&>1..1 Ml<1gm..,."lIOn, ""Iu"1ng, p'~"'<1li"", "rvlac«.u 
""!QI1,!: f,~iem1 llgC11des; 

Proudmgafa",m far 'Ig"'Il1CS ((}uchauge progr,u,,-J.,<Jel infar"'''tlotl "bout 'Ig""')' Jigitd Jaw 
<lCII"lUS; 

Rcrogni::ing ag,,,.,.,, prioritks and id.-",nfy'tIg mrnagmc, pnona;!j in digrtd (/'1Itl , ;dmnfy'tIg an, 
g<>Ps ,'n !hi: fC<k1'<ll m"l?gJ r~ku .. ~11Q those "r<l1$, ",Id promQli"g inl""<>.\"~'CJ ~""rion IQ 

,iddfess ~ gllps; 

IdmrifJi'" op/>a.rr,mifiesf01'dom .. sric and in remarimd co&barafion, coordinlllion, mid 
l<'"",aging IImallg ag,'t\l1'~ in sf>"djicdigiwl W[tl 1I'<a.s; 

Coordinating policy, programs, Mil b."lgelS fot nnpi.'IJU.'I,lmg rile Sll\ll.~gic plan, 

• Flldlil<1tmg inleroper,-J,;lh, broodly mid ' «""'mendmgmelln$ 11M P!'lX<"!S<'s III""),;""" 'I , mclllding 
"",c",",,,;m» $I,d> 11$ ;:llInJ;um «-oIm;QU ",lddcwlopmenl; 

FlldliUl1lr>g coon:lnwlion and coop.muion {(ill. the re!ii:arch, o::kwlopm"nI , and .,d".;aliott c".,m"n';ries; 

• F/IOlil<lllf>g a strong "'t.?rag.~,C)' tiamu'ng 4[01'[; 

• M"inlam;ng <ulll (}t,,,,,,,,,,,,"!: coaro",,,ti,,,!: grot*,;n ¢o:ciji& .ci .. n;;~ 01' technology are<'lS; 

• M<lintailllllg (lai .... ao/<lrt"f1LSS of data !ii:!S in technical are<lS OIher than 5den.:e, tc;;hnolog" and 
engmeror>g, and O/;(lun the m(ml(1nona/ ,,;mm,mil),; 

• Submitting an IInnulll "'agms reporl/a die Cammi//el. 

MEMBERSHIP 
T he following fedefal agonc;eo are fCpr.,..,llted on the I'«/(}, 

• D~/Xlrlrr.e"l of Agncui"<rl 

• D4~lr/rr-<'lll afCormne>'c.> 

D.'~TI>r""lI of D4~»( 
Derx1r(rr.elll af EJu"" riotl 

• D~t>lrllr"-"'I of En.ng, 

D"f'!ftlr.C1lI of Heal I I. and /·I"",an Se.-..1U5 

• D~parttT""ll ofHamdmd Sea.ril, 
• D~jX!rtITnu of the Interior 

• D~",mtr.elll of Labor 

• D~I"'rltr.en1 of }u.slia 

De/).1rt"'<~l1 of Srau 

• Derxm>r.e1ll ofTTlI1uparrarian 

• D~fxl!/,r.Clll of the TTta.\I<r), 
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• D<f>.1Trm~r ofVel~r(!ru Aff .. 'n 

COIII(roI lnrdlig ...... ~ A&-mq 

• Cn"'·Qllrnenla! ProreCfJQIl Agcrocy 

• Natiooal Aerorw"<lics and Spac~ Adminislr"/;"" 

NatiOtw Arc",,~ and R...-cords Mnmislr"tion 

• Nat"Ot1<1! Soma Fo"",,d<llion 

US An"1 Corps of El1gin<:ers 
T he follo..i ngCOlu'db; ~l\d ofAces .haUI>IlTticipalc in J'WG acli\ilitl': 

• COI.ncilon Emironmental QUlllif1 

• Domesne Po/,,, Co""eil 

• H""",land Securily COIIIlGII 

• NaU.oW Economic Council 

• Nai.ooal St~Il';f1 COl/ncil 

• OffiCi: of M.:In<\ll_...,.,ml and Budg,,! 

Of~ of St;;C1>Cl and T«h,\dog1 Pei;" 

LEADERSHIP AND OPERATIONS 
CoChairs of the 1\XI;J ,hall ~ namM b). the CoCMi ... of the Committet. Intra-and inler-o.gcncycooroination, fnet 
(;"ding, coorcii"a';"ggroup effor"', ."d planning ' Mll OCC\lT dll.ingand/or be,w""n tI ... formal, o<:hedu\ed l'il;tO 
meeting;. 

INTERACTIONS WITH OTHER ORGANIZATIONS 
The J'WG ""'r' in'er:>el w·ilh O1her p·erllr"enl OTg;J. "j:alion$ induding d~ !\'STC Committee on Technology 
(COl), \.he Nctv."OrkJllI> .ud )nfwm.tion Tcdmo\ogy R&D (NITRO) SuLWmnlillee, which '([>0<'" 10 the COT, 
""d the NffRD National CoordinatiOll om"". The [WG may al.., im"",ct with federal ad,,~y bodies meh a. tI", 
Pretident'. eou"dl of AJ,,·;.orl On Science and Technology (I'CASn. The J\l:1Q may ""etact with and receive ~d 
hoc am-ice from OIh<r interagcuCf gI'<;>"l" ,ueh~. CENOI and ti,e r-ederal CIO Co.,ne,1, a"d f.o", pr,>">'e .""tor 
g<o.'l'", pmf~k",al >Ocieti~, and 0,1,<;1" ""'~p ... mme'" "«If"';;"i",," ... ch aO 1.[,e r-,"'tio".l Ac>d<,;m;~ "fSdencc 
and Enginl'eTi,,& t11~ Institute ofMedieine, and the NatiOllal Re ..... rch Council a. con.i ..... '" ,..ith the Ftdl'wl 
Am·...,...,. eo."""tfU An 

TERMINATION 
Unte.. f~ne",-ed by the Co-Chain of the Committee 011 Scimce prior to its expiraliOll , the 1'X'G .hall tefmiruttc no 
latc. Ih." Ma,ch Jl, ZOCl9. 

DETERMINATION 
\X!e he,..,h).· dtt"n"i,," that t1 .. formalio" of duo [nle<08I'''q: \X1orlcingG1"O<Jp i. in tI", public ''''<;1" .. 1 in c""n«tion 
",illl the perform."o: of duti .. impoocd OIl the E>=uti,,, Branch by law, and thaI .um duties can best be performed 
b)' such a group. 
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Appendix B 

Digital Data Life Cyde 
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B. THE DIGITAL DATA LIFE CYCLE 

Exhibit B-1. Digital Data Ufe Cycle Model 

IWGDD 
Digital Data 
Life Cycle Ma,de 

I/) 
I/) 
w 
U 

~ 

DOCUMENT 

" PLAN , 

Culture 0 

'" Use & Reuse ~ 

Strategy m 

~ KEEP ' 
PROTECT 

o 
'" Gl 
:l> z 
N 
m 
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• Kup 

Exhibit &2. Life C)de Functiom for Digital Dat.."\" 

Del<'mune ,..1>::11 ,hw ruwllO be CU<lIM ot coli",!.."!! 10 S"Pf!<JT1 <1 res«1"h age-nt/a or <1 mil-Sim 
{u"clion 

!dentify~nd C\-.!uate ex;itin8 JOUr<:etl of nt'eded data 

ltlcnlih stluJdartls Jot t/.U<I ..,..J m.:14l<~U" fQml{!I a"d <l'"J'IJ 

SP~"iy ",po'u",,,! responsil:>ilin'eJ JO'I" "I(lnaging W d<'~.owr lheir kJ~ qde 

Prod"ct or acquire d<!la fot illl.:rukl p"rposes 
Depruil d<ua " here u...) "ill be kepi. managed /In,! IIro,swl for as long as 
"".'.Iud IOS11jJf:>or( llwr inli..~1<kd p,,~ 

Prod""" dm",,,.r products in supf!<JT1 of inlmded p,,1"f"'Ms: ~.g .. dil~1 Slm1'Mri~S. 
daw "U'"e.!:'.lions. reports, pub/iealions 

Org<lnite <In'! store Mia 10 su/lpof1 intmd.:d p",po",,:! 

!n'~"",'~ "pelon: •• 'Id additionl i"Io ""i~ti"gco!ll!(;ti"ns 

Ens",,, the d.,~ .urvi,." in\a<:l fix 3S 1<."'8.$ needed 

• Acq,~'re and implem..,,, uchnologJ 

Rc~;J,. 4<du,dogy W QI...".",,'''' obsd=",,,,,, and W i",prot~ p.;rforrnancc 
£,ql<lll<l slOrage mJ<! pn:a:ssing cat:uOlJ <15 ""ed.:d 
Im/,t..~nerlIIUW I..dUlologie~ 10 SUPf!<JT1 ",..,j,,,~ neMs far 'ng"-Sling, />m:.esslJlg. anaI,sis, 
swrdUng lind <1cus.smg 10(11<1 

• Dis/>osmc>Il 

£",1 Sa=gy: plan far IMlISferringda'a 10 a"olher "'WI)' sho,,~llhe CUrT..," reposilory no long~r 
be abI~ 10 keep ;1 

Once mkll<kd Pt"poses art 5<Wsfio:d. d..1enm·u" "hdher 10 destroy da!a ar transfer lOanoU.... 
arg<1nj~,rion suitd fQiIlHrtw1lg OIher ,,,,<'tis or opfJorlllniries 

*Life cycle fllnctions are necessmiiy Sf(llIemiai in an)' research or other 
program, bw the same bod)' of d<ua ma), go lhTOlIgh mulliple C)'cles as il 
is llsed by differem entities or for differem purposes. 
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Exhibit B-3. Data M~men! Functiom for Scicntificand Tcchnkal Data 

• /Joolmc>nt 

D'ii"~ slal..urds for data com • .,u. fo,m. meraMl<!, qu.,)ilJ ,fr"<l" ..... CJ of '<P<W-<s. elc. 
Crootelmain~n ID<uidata 
Do.:.unil"lI d.:lla history: pro.-".,l<lrlU and liru.><lte. <lC~oal dat.:t collection ,wi I',oc ... ssmg (e .g •• 
wl,m-atiOll. g~(>-'.if"'md~. tlQI·SI' T..dum";: .. ,) 
NO(~ Ilflomalies and lacuna .. ' 
Record disposinoo dtdsioos ,bid OCOOII$ 

• (),g.tnl~e 

• Prot.:ct 

Design IJnd i",p/em",,( d.:>1aardu"ucIHre. flWneron.f ,ond WllcnlT<'S 
Conform to s~lndards 

/mpl''''''''',1 'l'oality COlltroi 
V«ify and ,.,.lid. le d.m on in8"'1 
EIl,ufe in'egri!y and ,""lidi.,. of any ",,,,.fonnanOfl. 0< derr.-oo pfoduc~ 

jmpl('l11('1'( ",~s.s r(srriclions 
Rapect propeft)· figj,~ 
Protect privacy.nd confidentiality 

G'O/Jl"ant..'~ (It'lliW>ilily W ""dwri~,d USim 

Define u.er fole. and pt;"~lege. 
Ql1.Iif).· individualu..,,.. 

GliaranlC~ mm",ortniness and ''''tnen~',jt)l 
Function a. a tru. ted rep0t5itory 
Implement, In.inl~in and ",ouito< the '<:ClIrityof !)~"'m ""d !he "W:t$ .!ored in it 
Implement method. fOf ensufing and '"Cfif)"ing authenticity 

AcqIR,e data from e.mring sourCes 
Cm."log1lC ,~"l d.escriN 0$ 10 COll("" t. qu"lity. "twIabUly. cit:. 
fnsure CoN!rent ldennficanon of distributed d.:>1" 
o.s..,,,,,,,,,,,, infarmaDa" ~1I """,W:/e dam 
S"ppor( dit'me "..,s throt<gh an awropriaw wnlly of Icdmojogj~s 
S"pparl" t<1fUly q " .. {WI of disro.."l"T,. analySIS. ,,·purposing. oissaniMtion. pr"senmtion 



   

     

Changing the Conduct of Science in the Information Age June 28, 2011 

204 Office of Science and Technology Policy 



   

     

  

      

  

      

Changing the Conduct of Science in the Information Age June 28, 2011 

205 Office of Science and Technology Policy 

Appendix C 

Organizations, Individuals, Ro les, Sectors, and Types 
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C . O rgan izations. Individuals, Roles. Sectors, and T ypes 
!. Enci!i~ by Role 
Z. En~ti.,. 6), lnd;-'·id" .. 1 
3. E!lIla.,. by Seclor 
4 IndIViduals bot· Role 
5. !ndldduaL! h Ufe C~d(' Ph,1I('/Fllnct;"" 
6. Enmi.,. by UfeC)C1e PI' ..... /Functioll 

Exhi!,il C J. EntUie~ by Role 

ENnTY TYPE ROLE 

~-. Co leel or product d>1ll throogh or'8in<ll ~n;h "'",. O'''",p an<l .,.,..d"", Imp~ tenlng methods 
o.--/elop d ... collection oe p"'du<tlon ... wmo ..... 

II. ':M.,...... or p"'c ...... 
Ope"'te !;I1>o"IO",", or ObMNOIOri .. 
Pre<e"'t origin>! .""'or <I ....... d d.ta 
PredJce publication. from re«!arch 
PreOxe .... n""d data produ<:u t/nIugh calib .. tion. 

~.r"..-.nc"';J. 0< other , ,,.,,,,,. m,,,, 01 
",wd.,. 

Co leo dota lrom other prodUCf<'"> 
~idu'''.u 10 bibll:>gnphi<; d"", ;obo<.JI. , ... >rdJ 
Previde .cc .. , to original or domed d.,. 

o.ta C ......... Co loci dota from O\M' prod""" ... 
/Stat~tic>! Co leel or produce do,. through o'iginal reoe.rc:h 

Ago"'''' Co"bin. d.,. from multiple 'w"''' 
o.-'eiop d ... eollo<ticn or production inowm.o ..... 

t"h";q~ ... or p""' .... e< 
Pre<e ... e origin.1 0' de'~ <I ......... 

Premo", collaboration en p"'du:UOI1, d~ .. minatlon 
or m""'"8"m.m of d .... 

Prev'" ac, ... . to original or do';'.<1 d .... 
~1d. !"MOure ... or , . ... Ie ... lor .nalyzlng or I'''''' .... ing d.", 
F\Jbli>h rtse""h rt->uIu 
Co leo or produce 4 .... throogh ~al ........ "'h 
Co,,!>;.,. data (rom mukiplo . w",,", 
Co'1ocI data (rom otIwI, pro<Iuct. ... 
~ide resourc ... or 'e",le ... for."aIyz"';J or pttXN1ng d.", 
~ide ,'''''''10 o'1glfl."\l or do,.,...ed da", 
Previde nn' ''''"'8 fe, pre,",u in other organilatioM te produ<:e. 

db •• ",;,,;,Ut, or "" .. , d.ta 
Previd. tnlnCng en in!orm>:llon dfs .. mln,tion.nd >c"''' 
",,*e and !"tv"'" dat> to improve their ql.lllilty 
Co Ioct do ... frem otM' prod",." 
Co 10<. or produ<:. d .... th""'gh o'iginal ....... rd 
Co"blne d.ta frem multiple .w", • • 
o.--/elcJ> d ... cclloCllcn or p-rodu:uen Inswm. nts. 

te(M!qClt1. Or proceu", 
Ope .. ", Oiboratotie> er Ob .. N"'O";'. 
Pres ..... original or d. r;...."j d.,. .... 
Pre""'Ut collabornic" en pn>du<ti<>n. di ... m;">!"", or 

m"">gltm.onl 0( d.", 
Previde ace ... to biQllogr"ophic or other ,...1.,...",. data 
Previd. ace .... to original or do,.,....d d.t> 
PrcvIde r.......-c ... or ..... Ie ... for analyzing or p"", .... 1ng d ... 
Previde ttUling on d ... an*ls. pnx~ .. "ng or managem"" 

EXAMPLES 
Europe"" Eioirllorm.uu In,tltUle 
American N.tional Election SuNey 
Fram" gham Hurt SII.dy 
C.""raI Social Su.....,. 
N.t.Ional"bxicoioz' Prog .. m 
NIH F'try>ic. UbO!'";ItO<Y 
Ponel Study of l!>Come Dynamic.. 
UNAVCO 

Ggvemm'M.k,e!lC!o1" SciotfJ:. Pm. 

"'""" C.n",do, eorth ~.<>un:.' 

oo.. rv>tion .nd 5,_ " ... 
N.tio .. t CIIm>(:lic o.ta C ..... r 
N.ti:>nal Ocea""8"'pI1ic o.ta C.nte r 
NSF ', CeMus fIeoe.n;h Data Cente ... 

c;., ..... mm ... lleenc",,, S .. li<tical 

""'" Bure:wofC.""" 
CeJ1w. S",,, Om Cenler Progrwn 
D~~iOtl of So:ien<;e !It-wo..ou, SQ.\i<tia 
NSF Ecof>Omic FIo ... ",h Se!Vk:. 

Putj\t<l StCt<K Cen~n"'qMtie l 

Chand .. X·ray C.nt .. at the Sm~PI>onlan 

A>trophyobl Ob<e"""",,! 
Economic.nd Soci'" Ox> Serw:. 
UK Notlon.1 0ptkaI 

Awonomy Obse,....tory 
Space T.leKope 5c iotnc.ln.tltuut 
WorIrlwide Prot.1n Oou Sank 
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Exhibit C I. Entitie! by Ro le 

Llbnn .. ""'lyze .nd reY~e d ... 10 Improve "'eir qu>1I'l' 0<' u .. ful ..... N'~OII>.I Ubnry 01 M.cIIcI ... 
CoIIe<t derived data produr;u . principally putNbtlo'" Welleom. Llbnl)' 
Combine d ... Irom mul~ple sou",e. 
CO"""rt ..... logl..rorm. tlon 0<' m>l<l""h 10 digital form, .. 
C,...,UI blbl»gnphlc >nd otMr .. t. ... "'" dna 
Devtlop Instruments, ,.chnlqw" 0<' pl'O<'"'' /0<' dna collectlcn or 

production. pr<>Ct.olng. m.nagemen,. or dlS<em .... tlon 
Oevtlop ..... ,M>nC4 ,oItw>r. '0<>1> "' .. ~I 

enable se'" dl«"",el)' 
~ •• ""'p<.>tNblil>," 
Pre_ orlgi .... l.ndlor dertved d ... 
Provkle I(et>l 10 bibliographic or ""'.r ref~,..nce dm 
Pn>vkle "'t>1 1O publi<::>Iio", 
Provide nn.ncing fot' projo.cu In "' .... orpniu.tlo .. 

10 f>"'du<t . di"."'''''I<>. or w:t •• data 

Inform atIOn Collocl or product data "'ro«<h origi .... 1 ........ ch klrophy.ia Data SyS1tm 
s. rvi<. ConduCl data managt"",n, ,..sun:h In .. r.unt. .... iI)' Collio"",m lor Pbliti<al 
Provide ... Prom .... imprwtd d ... m""".m. n. and So<lal Rtioan:h 

Provkle :lata m.n'!!:t ment " """" .lOoh Or I.dlitito Journ>1 01 tho AmV ,,>n Sta<io!lal 
Providt toOl. for data diutmin. tlon AAo(i. tiOn Da",Ar<h~ 
Promote collaboratiOn on production . d~""' i "'llon No~o"'l klOCiatlcn 01 He.~h Data 

or m. nagemen. 01 d .... Organl:ution. 
Prom .... d;lta .h>.rmg Na~on>.l FIII.,n Grid 
Colloc. dOl. Irom o<her pro<:lox4 ... s.mon," Web lor H .. llh C . .. ond Lif. 
I'Ublkh .. ,e. rch ~ulu Science. Inte..,' G">UP 
Provide ICces< 10 bibliographic or ""'.r ...r ..... ne. d= So<lometric< Social Science EieClronic 
Provide ICces< 10 publica,IoM D.,. Library 
Provide IC, . .. 10 orig"'l '" dt """; data 
Pr._ 0rit::",.1 or o.rWed d ... <eU 

Provide l1;Iinng mOltrilh lor d. ta . ... ry.h 
Provide l1;Iining on "'t 01 «ien'i/Ic d.ta In dm ..... '" co""' .... 
Reo ... ", • • nd d<!velop cOmpJ,.,lonol capaWtl;es 

lor "'ien<:e and engin .. ";"!! 

Archiv ... Artio:ula!e crite"" ,rol tccI. lor ...... ,inS: compliance wil/1 .<and.rd. N.tio ... 1 Artl ........ and ~ord, 
Colle<' d~~ Irom otl>er pro""'e ... Admlninrlllon 
Develop.rol promulga .. do,. ... "d.rd. National Da,. A"'h .... on Child Abuse 
Pre_ onglnal or o.nved d.,. .eu and Neglec' Pre._ publioa.iom Opoon Arctwe.ioi,iatMio 
Provide ICces< to blbliograpl>l<: or ""'er refe .. lICe d= UK DataA"'h .... 
l'roYode 1«(tS< to original or derived d.ta 
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E.~hibit C I. Entitks by Role 

N.tlo",,11 o./W.p and promulgU d.ta .tand..-d. Council oJ EUrcpr.ln Social Sdlnc. 
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or ...... n.,.,.,. of data - Un ....... iry COldomialO .... h 
Premote d.ta ... nne Im.,...ted Public U •• Mlcro<lna Son.. 
Prevld. xc ... IC bibllcgnphic or oth.r .. f ... "". d.ta Int ....... tlonal 
Prevlde >(ce.. 10 ongi",,1 or <:Iert<ed data luxembourgl"""",e SW<Iy 
Prevld. >(c<o" to publir;:WQ"" N.tlo",,1 8iclogi<;allnlorm.tion 

Infn.OInxw .. 
N'Ilo",,1 Spatial Dot> InlruW(lJJr. 

STIC.mtn Co loa. da .. from oilier pnxlu"",,, 000. DeI.n,. Tl<lIno.;oI 
De:ermino poli"" regarding coile<:tlon. co"'ent, GUaliry. Inform'llonCemer 

poMr ..... i.w .. 1'1<1 dim.""""lion of dot>. DOE. 0I1k. of Sd.n~1k 
Premo," collaboration on production. d~ .. min'lion or .. rid TecMlcal lnlo,mallon 

man<lll0mont cI d ... NASA ltchnbl Roporu SoNI' 
Prevld. >cc'" 10 bibllQgraphlc or cth" ... r . .. ""o d.ta 
Prevld. >cc'" to original or ... rt<. d data 
PrevId"«".lo publb tlont 
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Ro'Nrch .nd dtoll<>p (on>pu .... .,n .. C11pabl~l," lor >cltncoo 

and . ngioo.ring 
51," "'0 proc .. , d.ta 

Standard. De/elop and promulgate data , .. nd..-d. C~nical Dota Interchange 
B<>di .. Premo," d;ua ... nne Standotd. eo_rt)"m 

Prevlde tn;,,;ng en im pltmtn .. tion 01 data .tandud. CenRJlta1Nl Cemminlt on 
I'IJbli<h book> a l'l<l po";"dic.h on dll> n.>nd. n!s . !Id ~Ir~ .. Sp><:e Data System, 
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..... dill kcredit labon.torlet· technical qualillcations and c""'petence Government Ac:c<>Ull",r,Hity Office 
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d~,.mtr.:o~"" aclNlll .. 

Informatien Co loa. da .. (rem <>th4r prcdu""" EconO ... Net 
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Prevlde :1(C.",O publbllo'" of Sdentl/k Publblion. 
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I'IJbli<h , ... "",11 ... ~Iu journd of the Ameni<m M<d'<o/ .o...od","" 
!'rcvOd. tnlnlne on Inform:l:llon diu.mination and o<co .. Thomson ~,." 
Pm . ..... 0figIn>1 0' derived dna 
~ ...... epublir;atio". 

H. r<twa", Prevkle 100ls for dOl' produttion. prOctS,lng. P""erva<lon . IT indu.try 
Soft ......... acc ...... !Id .... Open $O<Jrcl soltwa", colbbora<lo", 
O""otIopo .... P"" ... rch .nd dwotlop computation" C1lpobilitits lor sclonct 
Supoplie" . nd engin ... ring 
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E:(bibit C2. Emitie! Lv Individuals 
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E.~hibit C J . Entities by Secto r 
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E:tbibil C4. lndividuals br Role 
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IT-based approaches in support of ERe's mission to support "frontier 
research": first experiences 

A contribution to the NSF-OISE Workshop "changing the Conduct of Science in the 
Infonnation Age", November 12, 2010 

The present note is addressing one of the main objectives of the workshop from the research 
funding agency perspective, namely the need to assess whether the projects for which 
financial support is requested, as well as those already funded, are compatible with the 
strategic aims of the organisation. The note shares, as example, the methodology that is 
currently followed by the European Research Council (ERC) in order to be informed on 
whether, firstly, its review system is successful in identifying proposals that address "frontier 
research" and, secondly, the projects that are being funded do correspond to new and 
emerging research areas. The underlying concepts of this approach is that information related 
to the proposals/projects is in principle readily available via the presence of the Principal 
Investigator and his/her research group on the WWW and the research literature (publications, 
conferences, data etc.), and consequently there is no real need to "harass" him/her with 
additional requests to the standard reporting obligations. On the other hand there is a plethora 
of (mainly bibliographic) tools that could help identify "emerging fields" of research. The 
challenge therefore will try to match ("correlate") these two categories of data and use this 
information to assess the implementation of the scientific strategy. To note that the purpose of 
this exercise was not to measure the direct structural impact of ERC-funded activities to areas 
such as job creations, build-up of infrastructure etc. This is expected to be mainly done via the 
analysis of the periodic reporting of the grantees and the assistance of a similar set of ancillary 
studies. 

The ERC work programmes 2008 and 2009 made provisions to fund Coordinated and Support 
Actions (a i h Framework Programme term to describe ancillary to the main instruments 
projectslinitiatives/studies) to support the monitoring and evaluation strategy of the ERC 
Scientific Council. The calls were launched as "open call for proposals". The reason for this 
decision was the intention to explore new approaches in the evaluation, as suggested by the 
relevant scientific community. Two projects that use bibliometric tools were selected in the 
framework of this exercise: 

DBF: Development and Verification of a Bibliometric model for the 
Identification of Frontier research that started in October 2009 (3 years proj ect, 
ARC systems research and Institute for Scientific and Technical Information-CNRS 
Nancy), aiming to provide a bibliometric monitoring of the peer review process of the 
ERC grant schemes. Particular interest is devoted to the extent the grant applications 
fulfil attributes of frontier research and the influence of these attributes on the decision 
of the panels. For this purpose, bibliometric parameters will be elaborated and applied 
on the relevant information available in the grant applications as well as in the relevant 
publications authored by the applicants prior to their submission of their grant 
application: Novelty (citations, "recentness", link to ERACEP-see below); Risk 
("Market"-Share), Pasteuresqueness (presence of industry); Interdisciplinarity 
(variation of evaluation panels proposals were submitted). 

ERACEP: Emerging Research Areas and their Coverage by the ERC-supported 
protects that started in October 2009 (3 years project, Fraunhofer Institute Systems 
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and Innovation research and Leuven University - Faculty of business and economics), 
attempting to identify emerging research areas and analyse to what extent the ERC 
grants cover and contribute to these research areas. It intends to investigate how ERC 
is perfonning in respect to its basic mission: "stimulate scientific excellence by 
supporting and encouraging the very best, truly creative scientists, scholars and 
engineers to be adventurous and take risks in their research". The project uses the 
following methodology (extract from ERACEP's 1st periodic report): "A set of lSI 
Subject Categories in the sciences, social sciences and humanities with remarkable 
growth in the last decade are defined. Twenty categories have been selected to 
undergo further structural analysis; the objective is to identifY new and/or emerging 
topics within these subject matters. In particular, 13 fields have been selected from the 
sciences, 5 from the social sciences and 3 from the humanities. The underlying data 
have been retrieved from Thomson Reuters' Science Citation Index Expanded (SCIE), 
Social Sciences Citation Index (SSCI) and Arts & Humanities Citation Index (AHCI) 
for the period 1998-2007. Cluster analysis in bibliometrics is traditionally based on 
both citation links (bibliographic coupling, cross-citation, co-citation analysis) and 
textual links (co-word analysis, term representation). Both approaches have 
advantages and shortcomings. The main advantage of citation-based methods is their 
discriminative power. This is contrasted by a serious disadvantage: Citation-link 
matrices are extremely sparse and citation-cased methods tend to "underestimate" 
links among documents. Furthermore, citation links generate binary measures which 
are based on value 0 or 1 according as there is a citation link between two documents 
or not. By contrast, text-based measures are based on term frequencies in documents, 
which as such provide a natural weight underlying the similarity/distance measures 
used for the analysis. Link matrices are furthermore less sparse than their 
counterparts in the citation space. These advantages are cancelled out by two serious 
problems: The lower discriminative power, which results in "overestimating" links 
among documents and the dimensionality problem. At least the latter problem can be 
compensated by Singular Value Decomposition (SVD) or directly by Latent Semantic 
Indexing (LSI), which uses the first-mentioned algorithm". 

Some initial technical obstacles as well as legal constraints will be reported during the 
workshop in order to assist the participants to appreciate that even when "enabling 
technologies" are in the disposition of a research funding agency, the challenges are still 
significant. 
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Briefing Document, NSF Workshop on April 26, 2010 
"Changing the Conduct of Science in the Information Age" 

Focusing on "Social Constructs" 

Hans Pfeiffenberger, 
Alfred Wegener Institut for Polar and Marine Research, Helmholtz Association 
hans.pfeiffenberger@awi.de, www.awi.de/en. www.helmholtz.de/en 

When we wonder how advancement of science came about, we may find as decisive 
the curiosity and openminded-ness not just of scientists but of society, including the 
willingness to spend money on science, and to provide it to specific people. On the 
other hand, scientists had to be confident that their achievements would be valued, 
intellectually and very practical as well. To keep both motivations in balance there 
had to be mechanisms to certify the quality of each incremental contribution and to 
make sure that each relevant piece of knowledge gained would contribute to the 
advancement of science as a whole. 

We know that since the 1 ih century there has been an extremely successful mix of 
principles as well as their embodiment at the operational level: That each individual 
contribution has to be reproducible - peer review providing a proxy for this 
requirement in most cases - , and then re-usable - which is proven and 
acknowledged by citation of the work, when others build upon it. Around these 
"simple" constructs an ecosystem of self-organization of science and of service 
providers such as publishers and libraries evolved. 

Let us acknowledge that this system is, to a non-negligible degree, based on trust. 
We trust that editors and reviewers maintain just the right amount of rigor in their task 
and that commercial entities and memory institutions together produce and maintain 
the records of science - all being overseen by "the" scientific community, 
represented, e.g., by learned societies and agencies and trusts (sic!) funding 
science. 

How does this admirable system fare in the "information age"? Regarding the 
classical article it is being upheld - and fiercely so! BUT, in many disciplines or sub­
disciplines the amount and import of information which is "off the records" of science, 
not available to peer reviewers, in many cases not even recorded in formal lab 
notebooks or laboratory information management systems, has increased 
dramatically. Whether it is data in all of its incarnations or software to implement 
models or data analysis: Its majority is not available, for all purposes of reproducibility 
or re-use by third parties. 

This imperfect certification of results, as well as the incompleteness of the records of 
science as a whole, pose a significant danger: That the trust in the functioning and 
the results of science is being eroded. (The image of an iceberg [1] of unknown 
underwater extent comes to mind - a dangerous, colossal, beautiful challenge) 

A new understanding of the way to conduct science in the information age 
needs to incorporate an appropriate recognition of making data available for 
reproducibility and re-use. 

This has been addressed recently by learned societies and editorial boards in some 
(sub-) disciplines, e.g. [2], by requiring that underlying data or more details about 

mailto:hans.pfeiffenberger@awi.de
http://www.nsf.gov/cgi-bin/good-bye?http://www.awi.de/en
http://www.nsf.gov/cgi-bin/good-bye?http://www.helmholtz.de/en
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methods have to be supplied or published in parallel either before , when or 
immediately after an articles has been accepted. 

II should be noted that 
in most cases there is no requirement (or possibility) for reviewers to look at 
these supplements during review 
it has been shown that mandates of this kind have frequently not been 
honored to a satisfactory extent [3) 
requiring data underlying specific articles may invite - in too many cases­
delivery of (overlapping) fragments, but not of datasets re-useable as pari of 
resource or reference data collections 

Considering this and similar observailons about disappointing adherence to weak or 
un-enforced Open Access mandates, one is lead to the alternative: Persuasive 
incentive. 

Indeed, when we look beyond the review of articles describing conclusions from data , 
towards making data available for re-use , it will never be sufficient to rely solely on 
mandates, e.g., by funders requiring data management plans. 

It will be necessary , more effective and - above all - consistent with the scientific 
method to expect and value the publication of data (and software) as potentially 
equivalent to articles about conclusions, methods, instrumentation. models, 
algorithms and whatever is considered a legitimate objed of publication today. 

In order to apply the concept of "Publishing" in its full meaning to data , we also 
recognize that it is not sufficient to put it online on some server (not to menilon on a 
CD [4]) and to devise formats for the citation of data . 

Vl/hat is implicit in the concept of scientific publishing is the assessment and 
certification of quality, the provision of access to results and finally their preservation 
as "the scientific record". If these measures would be extended to data , strong 
incentive for sharing would clearly be present. How to provide certification will 
strongly depend on each (sub-) discipline and its practices. In some cases it may 
prove adequate to simply apply the well understood format and procedures of the 
scientific journal [5], which also provides an unmistakable signal 10 cite data in 
references. Elsewhere , the review may involve protocols or other collections of 
detailed documentation . This needs to be complemented by ·brand named" data 
repositories or data libraries, which would be the other major source oflrusl. 

[I} .Research Data : Unseen Opportunities An Awareness Toolkif commissioned by 
the Canadian Association of Research Libraries (CARL) (2009) 
www.carlabrc.ca/aboutfworking-llroups/pdfldata_mgt_toolkit.pdf 

[2J Ifvhitlock MC, McPeek MA, Rausher MD, Rieseberg L, Moore AJ (2010), "Data 
Archiving". American Naturalist 175: 145-146 001:10.1086/650340 
[3J B. D. McCullough, _Open Access Economics Journals and the Market for 
Reproducible Economic Research", Economic Analysis & Policy, Vol . 39 No. 1, 
March 2009 

[4] Recommendation 7 , "Empfehlungen der Kommission "Selbstkontrolle in der 
Wissenschaft" ~ Vorschlage zur Sicherung guter wissenschaftlicher Prax is' , 1 
.Proposals for Safeguarding Good Scientific Practice", DFG (199B) 
www.dfg.de/en/research_fundingllegaLconditionSlgood_scientific_practicel 

(5) www.earth-system-science-data.netigeneraUnformationiabout_this.Journal.html 

http://www.nsf.gov/cgi-bin/good-bye?http://www.carl-abrc.ca/about/working_groups/pdf/data_mgt_toolkit.pdf
http://www.nsf.gov/cgi-bin/good-bye?http://www.dfg.de/en/research_funding/legaL_conditions/good_scientific_practice/
http://www.nsf.gov/cgi-bin/good-bye?http://www.earth-system-science-data.net/general_information/about_this_journal.html
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Changing the Conduct of Scie nce in the Information Age 

OiSCtlssion pOints by Henry Sauermann, Assistant Professor, COllege of Management, 
Georgia Institute of Technology 

Session 3: Social Constructs; in particular: Incentives 

[)ata ac.eeS!; Knowled e ao:;ess Attribution 
Pragmatic experience 

Technical constructs 

Social constructs 

What is the social optimum? 

• 00 we rea lly know what is socially optimal? Ultimately, it is the maximum possible generation 

and use of knowledge. 

• That means we should maximiZe the production and the use of knowledge. Key problem: 

Ma~imum use of knowledge means it should be freely accessible, but that typically means 

incentives for kn(>wledge production are weak. even if scientists are happy to give it away for 

free, other pia yea in the value chain may not be. 

So, who are the Il'levant actors, what are their roles and interdependencies? A simple model: 

• Researchtrs: take research funding from universities and funding agencies, produce knowledge, 

submit to journals. Use other researchers' output as input in their own wOlk. Get paid and 

promoted for output that is attributed to them. 

• Publishers: tilke submissions, provide quality control (via review), provide infrastructure for 

article (and da!..) storage and distribution. Can control publishing prot.ess, set standards etc. 

Make money from sub$<:riptiQns. 

Funding a~encies: take money from government (or other sources), pick promising projects, 

provide f1.nding to researchers. Can control funding guidelines, disclosure requirements, can 

determine what kind of prior output counts for getting grants. Get budget for showing results 

from funded projects. 

• Universit) administrators: take money from government, funding agencies, and others. Provide 

r~arch inlrastructure to SCientists. Can control tenure and promotion p.o<:esses, determine 

what ·counts». 

• Need to consider how technological progress (session 2) changes the roles and the 

incentives/costs/benefits of the various players. 

The following table summarizes what this implies for incentives relating to data access, knowledge 

access, and attribution. It also lays out some implications and policy levers. Note: the purpose is to 

provide a template for our discus~ion, not to provide all the answer~. 
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Actor/Role Overall incentives and Data access Knowledge access Attribution 
And interactions determinants of Social optimum: open Social optimum: open Social optimum: n/a; only 

payoffs access, high quality access, high quality indirect benefits 
Individual scientists Money, recognition, Goal: use others' data do Goal: use others' pubs, Goal: perfect attribution 
-7create incentives for job security, not share own UNLESS disseminate own; short for own output 
publishers (submissions) knowledge, enjoy sufficient [la~off to offset cycle times; quality of 
-7create incentives for research process, loss of [lubs sources 

universities (accept jobs) research funding 

· T&P process 

· Funding 
mechanisms 

· {{intrinsic benefitsl1 

Publishers Profit Goal: increase journal Goal: set access and [lrice Goal: Perfect attribution 
-7can create publishing · Subscriptions, quality through such that [lrofit is for own output (im pact 
rules for scientists Output quality replicability, decrease cost maximized, quality factor etc.) BUT reduce 
-7control infrastructure · Subsidies creation cost. Set and 

· Cost eXl2loit (2ro(2rieta r}! 
standard. 

Funding agencies Budget Goal: make data widely Goal: Maximize Goal: perfect attribution 
-7co-determine payoffs for · measurable available to maximize diffusion/access, quality BUT reduce processing 
scientists and universities knowledge creation measurable outputs cost (review process) 
-7can affect publisher 
profits (subsidies) 
-7can create infrastructure 
University administrators Research funding Goal: ? Goal: Maximize Goal: perfect attribution 
-7co-determine payoffs for University ranking diffusion/access BUT reduce processing 
scientists · Own or external cost (T&P process) 

ranking systems 
Open Access Platforms as a Maximize knowledge Goal: Maximize access, Goal: Maximize access, Goal: Perfect attribution 
possible alternative to creation and use quality quality 
publishers. In reality, it will need 

funding and goals will 
depend on the funding 
mechanism. 
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Insights Goal conflict b/w scientists Little goal conflict, except Little goal conflict in the 
and others for publishers who want to sense that all want good 

optimize (vs. maximize) attribution. But different 
access. weights regarding what 
Perhaps different should "count" (function 
standards regarding what of quality and of the 
should be published nature of contribution). 
(quality control). Also, conflict over who 

controls/operates, pays for 
the system. 
KEY POLICY GOAL: one 
standard or at least 
interoperability (cross-
walks) 

Policy levers to think -7incentivize data sharing -7subsidize publishers to -7subsidize publishers to 
about ... via T&P/funding criteria. encourage more openness set up a system vs. create 

Careful: Forced sharing than would be profit a government run system 
reduces incentives to maximizing? (through funding 
produce data to begin with -7rely on open (free?) agencies?) 
-7consider social value of platforms - but who pays -7create quality 
generating data vs. pubs for those? control/categories/ratings 
(big field differences) -7exploit digital value etc. to evaluate 
-7consider different uses of chain to reduce cost - but contributions (should be a 
data (with different still need competition to flexible system that 
costs/benefits): for get publishers to lower provides raw data - users 
replication/verification vs. prices. can apply weights etc. 
for new research. Scientists -7consider new ways of depending on their own 
more likely to share for ensuring quality of priorities) 
verification purposes. published output- -7support and enforce 
-7copyright and "fair use" perhaps quality ratings of open vs. proprietary 
policy for data? scientific community standard 

(amazon-style ?) 
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DATA ACCESS: DIGITAL TECHNOLOGY AND 
SCIENTIFIC COMMUNITIES 

TALKING POINTS 

B !I~;~h~ste i n Institute Talking points on data access II NSF Changing t he Conduct of Science in the Information Age II I -( 
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DATA ACCESS: DIGITAL TECHNOLOGY AND 
SCIENTIFIC COMMUNITIES 

TALKING POINTS 
• Social issues need clarity if t he conduct of science is to change in a positive way: 

B !I~;~h~ste i n InstITute Ta l ~ng po,nts on data access II NS F. Changi ng t he Conduct of S"ence '" the Information ~e II I ~ 
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DATA ACCESS: DIGITAL TECHNOLOGY AND 
SCIENTIFIC COMMUNITIES 

TALKING POINTS 
Social issues need clarity if t he conduct of science is to change in a pos~ive way: 

• Ownership of research data resolvmg the tension between conf,denlJality and openness; who decides? 

B !I~;~h~ste i n Institute Talking points on data access II NSF Changing the Conduct of Science in the Information Age II I 
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DATA ACCESS: DIGITAL TECHNOLOGY AND 
SCIENTIFIC COMMUNITIES 

TALKING POINTS 
Social issues need clarity if t he conduct of science is to change in a pos~ive way: 

Ownership of research data resolvmg the tension between conf,denlJality and openness; who decides? 
Inte llectual property rights for open data aHribution. publication policy on new results extracted (rom the dal.a 

B !I~;~h~ste i n Institute Talking points on data access II NSF Changing the Conduct of Science in the Information Age II I 
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DATA ACCESS: DIGITAL TECHNOLOGY AND 
SCIENTIFIC COMMUNITIES 

TALKING POINTS 
Social issues need clarity if t he conduct of science is to change in a pos~ive way: 

Ownership of research data resolvmg the tension between conf,denlJality and openness; who decides? 
Inte llectual property rights for open data aHribution. publication policy on new results extracted (rom the dal.a 

Rewards: is the effort put Into making dota publicly accessible regarded as having the same kmd or merit as lhe research that leads 10 
a paper (rom the data? 

B !I~;~h~ste i n Institute Talking points on data access II NSF Changing the Conduct of Science in the Information Age II I 



   

   

     
  

  
                

             
                

                       
     
                

                      

     
  

  
                

             
                

                        
     

                

                     

Changing the Conduct of Science in the Information Age June 28, 2011 

232 Schutz 

DATA ACCESS: DIGITAL TECHNOLOGY AND 
SCIENTIFIC COMMUNITIES 

TALKING POINTS 
Social issues need clarity if t he conduct of science is to change in a pos~ive way: 

Ownership of research data resolvmg the tension between conf,denlJality and openness; who decides? 
Inte llectual property rights for open data aHribution. publication policy on new results extracted (rom the dal.a 

Rewards: is the effort put Into making dota publicly accessible regarded as having the same kmd or merit as lhe research that leads 10 
a paper (rom the data? 

Is some data open by defau lt? Example, data thaL Immediately supports the dOlms In Q publication 

B !I~;~h~ste i n Institute Talking points on data access II NSF Changing the Conduct of Science in the Information Age II I 
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DATA ACCESS: DIGITAL TECHNOLOGY AND 
SCIENTIFIC COMMUNITIES 

TALKING POINTS 
Social issues need clarity if t he conduct of science is to change in a pos~ive way: 

Ownership of research data resolvmg the tension between conf,denlJolity and openness; who decides? 
Inte llectual property rights for open data aHribution. publication policy on new results extracted (rom the dal.a 

Rewards: is the effort put Into making dota publicly accessible regarded as having the some kmd or merit as lhe research that leads 10 
a paper (rom the data? 

Is some data open by defau lt? Example, data that Immediately supports the dOlms In Q publication 
Policy issues for data repositories: access to doto, occess to mewdoto, preservation policy, dato Integrity, repkation, etc 

B !I~;~h~ste i n Institute Talking points on data access II NSF Changing the Conduct of Science in the Information Age II I 
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DATA ACCESS: DIGITAL TECHNOLOGY AND 
SCIENTIFIC COMMUNITIES 

TALKING POINTS 
Social issues need clarity if t he conduct of science is to change in a pos~ive way: 

Ownership of research data resolvmg the tension between con(ldenlJolity and openness; who decides? 
Inte llectual property rights for open data aHribution. publication policy on new results extracted (rom the dal.a 

Rewards: is the effort put Into making data publicly accessible regarded as having the some kmd of merit as lhe research that leads 10 
a paper (rom the data? 

Is some data open by default? Example, data that Immediately supports the dOlms In Q publication 
Policy issues for data repositories: access to doto, occess to mewdoto, preservation policy, dato Integrity, repkation, etc 
Standards: Adoption/creation of international standards (metadato. (ormals, glossaries, Indices) to (aci/iLate search, retrieval, explOItation 

B !I~;~h~stei n Institute Talking points on dat a access II NSF Changing the Conduct of Science in the Information Age II I 
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DATA ACCESS: DIGITAL TECHNOLOGY AND 
SCIENTIFIC COMMUNITIES 

TALKING POINTS 
Social issues need clarity if t he conduct of science is to change in a pos~ive way: 

Ownership of research data resolvmg the tension between con(ldenlJolity and openness; who decides? 
Inte llectual property rights for open data aHribution. publication policy on new results extracted (rom the dal.a 

Rewards: is the effort put Into making data publicly accessible regarded as having the some kmd of merit as lhe research that leads 10 
a paper (rom the data? 

Is some data open by default? Example, data that Immediately supports the dOlms In Q publication 
Policy issues for data repositories: access to doto, occess to mewdoto, preservation policy, dato Integrity, repkation, etc 
Standards: Adoption/creation of international standards (metadato. (ormals, glossaries, Indices) to (aci/iLate search, retrieval, explOItation 

Technical issues must be solved, requires support by research funders: 

B !I~;~h~stei n Institute Talking points on dat a access II NSF Changing the Conduct of Science in the Information Age II I 
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DATA ACCESS: DIGITAL TECHNOLOGY AND 
SCIENTIFIC COMMUNITIES 

TALKING POINTS 
Social issues need clarity if t he conduct of science is to change in a pos~ive way: 

Ownership of research data resolvmg the tension between con(ldenlJolity and openness; who decides? 
Inte llectual property rights for open data aHribution. publication policy on new results extracted (rom the dal.a 

Rewards: is the effort put Into making data publicly accessible regarded as having the some kmd of merit as lhe research that leads 10 
a paper (rom the data? 

Is some data open by default? Example, data that Immediately supports the dOlms In Q publication 
Policy issues for data repositories: access to doto, occess to mewdoto, preservation policy, dato Integrity, repkation, etc 
Standards: Adoption/creation of international standards (metadato. (ormals, glossaries, Indices) to (aci/iLate search, retrieval, explOItation 

Technical issues must be solved, requires support by research funders: 
. Access control and security for archives, protection of confidential data. facilitating automated access 

B !I~;~h~stei n Institute Talking points on dat a access II NSF Changing the Conduct of Science in the Information Age II I 
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DATA ACCESS: DIGITAL TECHNOLOGY AND 
SCIENTIFIC COMMUNITIES 

TALKING POINTS 
Social issues need clarity if t he conduct of science is to change in a pos~ive way: 

Ownership of research data resolvmg the tension between con(ldenlJolity and openness; who decides? 
Inte llectual property rights for open data aHribution. publication policy on new results extracted (rom the dal.a 

Rewards: is the effort put Into making data publicly accessible regarded as having the some kmd of merit as lhe research that leads 10 
a paper (rom the data? 

Is some data open by default? Example, data that Immediately supports the dOlms In Q publication 
Policy issues for data repositories: access to doto, occess to mewdoto, preservation policy, dato Integrity, repkation, etc 
Standards: Adoption/creation of international standards (metadato. (ormals, glossaries, Indices) to (aci/iLate search, retrieval, explOItation 

Technical issues must be solved, requires support by research funders: 
Access control and security for archives, protection of confidential data. facilitating automated access 

Data integrity, preservation of provenance/attribution 

B !I~;~h~stei n Institute Talking points on dat a access II NSF Changing the Conduct of Science in the Information Age II I 
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DATA ACCESS: DIGITAL TECHNOLOGY AND 
SCIENTIFIC COMMUNITIES 

TALKING POINTS 
Social issues need clarity if t he conduct of science is to change in a pos~ive way: 

Ownership of research data resolvmg the tension between con(ldenlJolity and openness; who decides? 
Inte llectual property rights for open data aHribution. publication policy on new results extracted (rom the dal.a 

Rewards: is the effort put Into making data publicly accessible regarded as having the some kmd of merit as lhe research that leads 10 
a paper (rom the data? 

Is some data open by default? Example, data that Immediately supports the dOlms In Q publication 
Policy issues for data repositories: access to doto, occess to mewdoto, preservation policy, dato Integrity, repkation, etc 
Standards: Adoption/creation of international standards (metadato. (ormals, glossaries, Indices) to (aci/iLate search, retrieval, explOItation 

Technical issues must be solved, requires support by research funders: 
Access control and security for archives, protection of confidential data. facilitating automated access 

Data integrity, preservation of provenance/attribution 

Long-term preservation of data and access to it 

B !I~;~h~stei n Institute Talking points on dat a access II NSF Changing the Conduct of Science in the Information Age II I 
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DATA ACCESS: DIGITAL TECHNOLOGY AND 
SCIENTIFIC COMMUNITIES 

TALKING POINTS 
Social issues need clarity if t he conduct of science is to change in a pos~ive way: 

Ownership of research data resolvmg the tension between con(ldenlJolity and openness; who decides? 
Inte llectual property rights for open data aHribution. publication policy on new results extracted (rom the dal.a 

Rewards: is the effort put Into making data publicly accessible regarded as having the some kmd of merit as lhe research that leads 10 
a paper (rom the data? 

Is some data open by defau lt? Example, data that Immediately supports the dOlms In Q publication 
Policy issues for data repositories: access to doto, occess to mewdoto, preservation policy, dato Integrity, repkation, etc 
Standards: Adoption/creation of international standards (metadato. (ormals, glossaries, Indices) to (aci/iLate search, retrieval, explOItation 

Technical issues must be solved, requires support by research funders: 
Access control and security for archives, protection of confidential data. facilitating automated access 

Data integrity, preservation of provenance/attribution 

Long-term preservation of data and access to it 

Metadata (the richer the better!): distribution, creation of indexes, creation of federated data sets 

B !I~;~h~ste i n Institute Talking points on data access II NSF Changing the Conduct of Science in the Information Age II I 



   

   

     
  

  
                

             
                

                       
     
                

                 
              

          
             

     

        

              

            

                      

     
  

  
                

             
                

                        
     

                
                 

              

          
             

     

        

              

            

                     

Changing the Conduct of Science in the Information Age June 28, 2011 

240 Schutz 

DATA ACCESS: DIGITAL TECHNOLOGY AND 
SCIENTIFIC COMMUNITIES 

TALKING POINTS 
Social issues need clarity if t he conduct of science is to change in a pos~ive way: 

Ownership of research data resolvmg the tension between con(ldenlJolity and openness; who decides? 
Inte llectual property rights for open data aHribution. publication policy on new results extracted (rom the dal.a 

Rewards: is the effort put Into making data publicly accessible regarded as having the some kmd of merit as lhe research that leads 10 
a paper (rom the data? 

Is some data open by defau lt? Example, data that Immediately supports the dOlms In Q publication 
Policy issues for data repositories: access to doto, occess to mewdoto, preservation policy, dato Integrity, repkation, etc 
Standards: Adoption/creation of international standards (metadato. (ormals, glossaries, Indices) to (aci/iLate search, retrieval, explOItation 

Technical issues must be solved, requires support by research funders: 
Access control and security for archives, protection of confidential data. facilitating automated access 

Data integrity, preservation of provenance/attribution 

Long-term preservation of data and access to it 

Metadata (the richer the better!): distribution, creation of indexes, creation of federated data sets 

Bandwidth and replication: the physical location of data when it is used 

B !I~;~h~ste i n Institute Talking points on data access II NSF Changing the Conduct of Science in the Information Age II I 
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DATA ACCESS: DIGITAL TECHNOLOGY AND 
SCIENTIFIC COMMUNITIES 

TALKING POINTS 
Social issues need clarity if t he conduct of science is to change in a pos~ive way: 

Ownership of research data resolvmg the tension between con(ldenlJolity and openness; who decides? 
Intellectual property rights for open data aHribution. publication policy on new results extracted (rom the dal.a 

Rewards: is the effort put Into making data publicly accessible regarded as having the some kmd of merit as lhe research that leads 10 
a paper (rom the data? 

Is some data open by defau lt? Example, data that Immediately supports the dOlms In Q publication 
Policy issues for data repositories: access to doto, occess to mewdoto, preservation policy, dato Integrity, repkation, etc 
Standards: Adoption/creation of international standards (metadato. (ormals, glossaries, Indices) to (aci/iLate search, retrieval, explOItation 

Technical issues must be solved, requires support by research funders: 
Access control and security for archives, protection of confidential data. facilitating automated access 

Data integrity, preservation of provenance/attribution 

Long-term preservation of data and access to it 

Metadata (the richer the better!): distribution, creation of indexes, creation of federated data sets 

Bandwidth and replication: the physical location of data when it is used 

Local or remote computing (Grid, Cloud): the physical location of the computing resources that use the data 

B !I~;~h~ste i n Institute Talking points on data access II NSF Changing the Conduct of Science in the Information Age II I 
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DATA ACCESS: DIGITAL TECHNOLOGY AND 
SCIENTIFIC COMMUNITIES 

TALKING POINTS 
Social issues need clarity if t he conduct of science is to change in a pos~ive way: 

Ownership of research data resolvmg the tension between con(ldenlJolity and openness; who decides? 
Inte llectual property rights for open data aHribution. publication policy on new results extracted (rom the dal.a 

Rewards: is the effort put Into making data publicly accessible regarded as having the some kmd of merit as lhe research that leads 10 
a paper (rom the data? 

Is some data open by defau lt? Example, data that Immediately supports the dOlms In Q publication 
Policy issues for data repositories: access to doto, occess to mewdoto, preservation policy, dato Integrity, repkation, etc 
Standards: Adoption/creation of international standards (metadato. (ormals, glossaries, Indices) to (aci/iLate search, retrieval, explOItation 

Technical issues must be solved, requires support by research funders: 
Access control and security for archives, protection of confidential data. facilitating automated access 

Data integrity, preservation of provenance/attribution 

Long-term preservation of data and access to it 

Metadata (the richer the better!): distribution, creation of indexes, creation of federated data sets 

Bandwidth and replication: the physical location of data when it is used 

Local or remote computing (Grid, Cloud): the physical location of the computing resources that use the data 

Creation of open community-usable tools to handle data, interface with local computing, perform intelligent search and retrieval 

B !I~;~h~ste i n Institute Talking points on data access II NSF Changing the Conduct of Science in the Information Age II I 
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DATA ACCESS: DIGITAL TECHNOLOGY AND 
SCIENTIFIC COMMUNITIES 

TALKING POINTS 
Social issues need clarity if t he conduct of science is to change in a pos~ive way: 

Ownership of research data resolvmg the tension between con(ldenlJolity and openness; who decides? 
Inte llectual property rights for open data aHribution. publication policy on new results extracted (rom the dal.a 

Rewards: is the effort put Into making data publicly accessible regarded as having the some kmd of merit as lhe research that leads 10 
a paper (rom the data? 

Is some data open by defau lt? Example, data that Immediately supports the dOlms In Q publication 
Policy issues for data repositories: access to doto, occess to mewdoto, preservation policy, dato Integrity, repkation, etc 
Standards: Adoption/creation of international standards (metadato. (ormals, glossaries, Indices) to (aci/iLate search, retrieval, explOItation 

Technical issues must be solved, requires support by research funders: 
Access control and security for archives, protection of confidential data. facilitating automated access 

Data integrity, preservation of provenance/attribution 

Long-term preservation of data and access to it 

Metadata (the richer the better!): distribution, creation of indexes, creation of federated data sets 

Bandwidth and replication: the physical location of data when it is used 

Local or remote computing (Grid, Cloud): the physical location of the computing resources that use the data 

Creation of open community-usable tools to handle data, interface with local computing, perform intelligent search and retrieval 

User features" ability to "browse" data before extracting It; local help desks: linking repositories with virtual research labs: " 

B !I~;~h~ste i n Institute Talking points on data access II NSF Changing the Conduct of Science in the Information Age II I 
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Trasande, Caitlin, and Timo Hannay, “Changing the Conduct of 
Science: A Publisher’s Perspective” 

245 Trasande and Hannay 

Changing the Conduct of Science 
A publisher's perspective 

Caitlin Trasande .trasande@us.nature.com< 
and TimoHannay <t.hannay@nature.com< 

8 November 2010 

Science is the ultimate collaborative, global human endeavour. The internet is the 
ultimate collaborative, global communication medium. They seem made for each 
other (and the web was, literally, made for scientists). Yet the whole-hearted 
adoption of these technologies to further the goals scientific research and accelerate 
the pace of discovery is neither natural nor inevitable. Numerous barriers slow and 
even halt that progress, some technical or practical, others social or psychological. 
This document attempts to identify some of these hurdles and briefly describe ways of 
overcoming them. 

DATA ACCESS 

Encourage the creation of good software tools. By and large, the foundational 
infrastructure that might enable scientists to organise, annotate and share their data 
already exists. True, data is accumulating at an awe-inspiring rate. But even if we 
cannot capture and process it all, we can in principle achieve a great deal with a lot of 
it because storage, bandwidth and computing capacity have never been cheaper or 
more abundant. 

However, harnessing this power is not easy. The scientist himself is often the rate-
limiting step for optimally processing data. For example, skill sets needed for 
managing digital data (e.g. sequences or images) vary dramatically depending upon 
field, institute and laboratory. Some scientists (particular those in the physical 
sciences) may be naturally adept and skilful digital data managers because working 
programmatically with data is the norm in their field, whereas scientists in other fields 
may lack any formal (or informal) training in managing digital data. It should be 
noted that while the average bench scientist does not need a data centre, almost every 
modern scientist needs software to analyse (and often generate/collect) data. The 
following might help their efforts: 

• Foster the creation of meta data standards (like MIAME), as well as the 
expectation that scientists will routinely use them to annotate their data. 

• Encourage the development of more and better software to make these tasks 
less time- and labour-intensive. (Ideally, data annotation ought to be a 
completely natural and integral part of the process of conducting experiments.) 

• In particular, encourage the development of commercial software for 
researchers (for example by making it clear where government-funded 
providers will and won't operate, and by earmarking a certain proportion of 
grant funding for the purchase of software tools). 

mailto:c.trasande@us.nature.com
mailto:t.hannay@nature.com


   

   

            
  

             
               

    

            
         

   

             
        

  

             
            

            
           

            
         
              

              
             

            
               

             
             

           

           
           

      

              
           

           
           

           
            

             
        

            
           
        

            
  

             
               

    

            
         

   

             
        

  

             
            

            
           

            
         
              

              
             

            
               

             
             

           

           
           

      

              
           

           
           

           
            

             
        

            
           
        

Changing the Conduct of Science in the Information Age June 28, 2011 

246 Trasande and Hannay 

• Engage not just with publishing houses but also software houses and research-
equipment suppliers. 

• Give credit to those researchers who are genuinely open with their data, 
particularly when the data are used by others as a basis for their own research 
(see Attribution section below). 

• Develop a consensus of what basic digital data management and computing 
skills are necessary to support high-quality data collection, processing, 
annotation and management. 

• Fund training programs or the development of courses to ensure that all 
scientists have adequate competency in digital data management. 

KNOWLEDGE ACCESS 

Reward knowledge sharing of all kinds. Modern science was born when a reward 
structure was created that encouraged researchers to share their findings with each 
other through pages of academic journals rather then keeping them to themselves. 
Unfortunately these same incentives now have the perverse effect of discouraging 
knowledge sharing by other means. And as the opportunities for communication in 
the online world multiply (discussion forums, recommendations, wikis, file-sharing 
sites, blogs, microblogs, comments, votes, and so on), the aggregate cost of these lost 
opportunities grows. Whilst it is true that not all of these new means of 
communication are equally well suited to scholarship (and perhaps that some of them 
are downright counter-productive), the main reason that they are hardly exploited in 
research is the fact that contributions of these kinds are not tracked or rewarded. In 
the current incentive structure of science the author of the most influential academic 
blogs is trumped by the author of the most inconsequential peer-reviewed paper. This 
is patently wrong. Here are some ways it might be righted: 

• Explicitly reward acts of self-arching in funder, institutional or other 
repositories by tracking this activity, making the statistics available, and using 
them in funding and appointment decisions. 

• Similarly encourage the acts of posting preprints and blog entries, as well as 
commenting on them. (Systems for ranking these contributions by quality will 
be required, and any such system is vulnerable to gaming, but 
countermeasures are also possible so this is not an insurmountable challenge.) 

• Conversely, recognise that in certain circumstances access restrictions are a 
feature, not a bug. (For example, where certain types of medical information 
are concerned, and where a truly open discussion can only take place away 
from the gaze of the globe and posterity.) 

• Design a reward system for scientists who make themselves (and their 
reagents, algorithms, etc.) available to others. This could be piloted by 
tracking explicit acts ofmentoring (e.g. evaluating PhD supervision). 
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ATTRIBUTION 

Support and use ID systems for researchers. It is a truth universally acknowledged 
that actions are driven by incentives, and incentives by attribution and credit. A 
substantial change in the way that science is conducted is difficult to imagine without 
a corresponding change in the way that academic credit is tracked and assigned. It is 
unfortunate, therefore, that perhaps the only scientifically significant objects in the 
known universe that lack a robust identification system are scientists themselves. 
Until the assignment and use of personal identifiers becomes routine, it will be next to 
impossible to track and reward the wide range of activities in which a 21st-century 
scientist ought to be engaged. Here are some ways of making it happen: 

• Support and use of identifiers for researchers as a way of assigning credit for a 
wide variety of contributions, and making the decisions that stem from this. 
Encouraging the use ofORCIDs would be a good start: publishers should 
make their creation and capture an integral part of the editorial process; 
funders should use them to reward contributions to the common good. 

• While it is unrealistic (and arguably undesirable) to aim for One True Identity 
System, a wild proliferation of systems would be counter-productive, so the 
creation of new ones where existing ones suffice should be avoided. 
Furthermore, interoperability with other identity systems is key - any system 
that does not readily interoperate with others does not deserve support. 

• Encourage researchers to see their IDs more like loyalty cards (i.e., a means to 
gain credit for their contributions) than as social-security numbers (i.e., 
oppressive instruments of a potentially intrusive bureaucracy). Instill 
confidence that identities and related data are secure. In this regard, useful 
lessons might be learned from certain consumer markets. 

• Recognise that identity (e.g., ORCID) is different from authentication (e.g .. 
OpenID). Though the two are related, they are best kept distinct and should 
not be confused with one another. 

• Encourage the wide dissemination of activity data associated with personal 
IDs, and hence the creation of a wide range of derived metrics and rankings. 
Critics who point out that scientific research is too complicated to be 
measured are correct, which is precisely why we need a proliferation of 
metrics to encapsulate this complexity. This can only be provided by an open, 
competitive market for metrics. 

DATA GENERATION: PLACES, PEOPLE AND TRAINING 

Support hubs of scientific activity and training. Core facilities are institutionally 
managed shared experimentation resources (e.g. DNA and protein sequencing, light 
and electron microscopy, mass spectrometry). They are professionally staffed and 
designed to provide expert-led access to speciality equipment and technologies. Core 
facility directors and staff often provide an array of services, including training on 
specimen or sample preparation, operation of equipment and software, data collection 
and analysis, as well as experimental design and interpretation of experimental 
results. Core facilities represent a unique physical space where scientists from 
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different fields cross paths - and cross-fertilize ideas - in the course of carrying out 
their experiments. 

Owing to their central and influential role in the creation of data and dissemination of 
specialized knowledge, core facilities represent a valuable nerve centre of data­
centric scientific activity. As such, core facilities staff members are well positioned 
within the scientific network to propagate good data-related habits across an 
institute's research staff. To best make use of their role in science it would be 
valuable to: 

• Engage professional societies (e.g. The Association of Biomolecular Research 
Facilities) in identifying and profiling core facilities at research institutes. 
Centrally maintain these profiles. Keep these facility and staff profiles up-to-
date (e.g. as a condition of receiving ongoing federal funding). 

• Identify key areas of in which good data-related habits would be most 
beneficial to the widest scientific audience. (For example, standardizing the 
annotation of experimental conditions in live cell imaging experiments.) 
Establish professional standards for each of the key areas. 

• Create incentives for core facility staff (e.g. develop standards for crediting 
and attribution) to both a) provide the highest quality support to their 
communities, and b) disseminate locally developed knowledge across core 
facilities performing similar services. 
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Data as an Enabler of Open Innovation 

ChalhmBflS and Opportunitif!s 

Evelyne Viegas 

Microsoft Re sea rch 

~""lyn .... @ m k:(0S9ft .cpm 

It has not become any easier to find a needle in a haystack in the information age. 

With over 20 billion pages, images, video and audio files on the surface web, and growing, 
written in over 80 languages, delivered in different formats, and a deep web that has hardly 
been indexed, finding information is not becoming easier. To reach near 100% accuracy and to 
transform data into knowledge relevant to the information seeker, we need to go beyond string 
manipulation and towards semantic data to better support information discovery and enable 
decision making. 

Data needs to be transformed in information and knowledge in the context of a user or 
situation and needs to be accessible by anyone, from anywhere, at anytime. 

To enable the paradigm data, information, knowledge, intelligence, much research and 
innovation are still needed in various areas including technical, sociological, legal, economical 
and societal. From a technical viewpoint, this means that researchers need to have access to 
real world large .cale data, some of which that cannot be made available without restriction 
due to privacy and proprietary sensitivities. We focus below on three areas which present, in 
our opinion, real opportunities to accelerate research while calling for some changes in the way 
research is perfcrmed. 

Gaud computing to address data overload - Cloud computing is evolving into a prerequisite to 
developing applications due to the amount of data out there and data compute to process it: 
multimedia data, social networks, computer vision. It is becoming more and more difficult to 
move data around or to compute on it locally to perform research, and new models to conduct 
data-driven research, such as cloud computing, are necessary. Being able to reproduce results is 
at the core of scientific endeavors. However, today scientists by working on obsolete data 
benchmarks they may be reproducing results of already obsolete trends. Should researchers 
focus on available data sets at the expense of large scale timely data which changes regularly 
and could be accessed via services? Of course such a proposition brings the challenges of 
defining new models to support reproducibility when the data itself cannot be shared or when 
the results are dependent on software when data is accessed via services. Is access 10 data, 

CI ~OIO Ml<r"",/t CorP"U''''". All rlchU re<erved 

mailto:evelynev@microsoft.com
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hard to find, erough of an incentive for a researcher to embrace new research models and 
evaluations? 

Data   access   with   privacy   in   mind   - Some   data   cannot   be   made   available   for   research   because   
of   some   sensiti vity   attached   to   the   data,   such   as   for   instance   user   logs   which   contain   individual   
privacy   or   busint'Ss   a5sets   which   contain   commercial   value.   And   yet,   this   is   data   which   may   yield   
to   societal   discoveries   if   it   could   be   analyxed.   Data   anonymilation   which   allows   performing   
research   has   proven   difficu lt   in   pract ice   with   well   documented   privacy   breaches.   Privacy-
preserving   approach!!S   may   be   helpful   in   some   cases   while   being   too   restrictive   to   allow   
research   in   others   (e.g.   privacy-In tegrated   queries).   Another   approach,   in   line   with   cloud   
computing,   may   be   to   leave   the   data   seo:urely   hosted   with   the   data   owner,   while   allowing   
dynamic   access   to   it   via   a   query   engine   or   service   (e.g.   www.reseafch.microsoft .com/web-
ngram   which   e~poses   n-grams   probabilities   to   researchers   based   on   the   Bing   search   engine   
index).   With   such   an   approach,   it   becomes   easier   to   provide   recent   and   timely   data   to   be   
accessed,   but   the   notion   of   data   benchmarks   for   science   reproducibility   can   easily   disappear.   
Should   we   focus   on   sharing   data   or   should   we   focus   on   data   access   and   finding   new   models   to   
support   science   while   accounting   for   the   dynamicity   of   data?   

Semantic Data for decision making - Data has become a 1'\ class citixen under different 
mul timedia encoding: te)(l, speech, non verbals, images, videos, sensors, and semantics is 
emerging as a unifying paradigm. In a knowledge-driven society the emergent ecosystem of 
software and services for research will require tet:hnologies which enable machine-based 
information management, analysis, reasoning, and inference. Products and tools from 
information industries are underway to start delivering on the promise of semantic computing 
(e.g. visual search, semantic search). However, we need further investment in and wider 
deployment of semantics-based technologies, such as those demonstrated by research projects 
funded by UK eScience and the NSF Cyber-enabled Discovery and Innovation programs, and 
which can now be scaled up to web-scale via the emergent cloud computing infrastructure and 
the availability of Linked Data. 
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hard to find, erough of an incentive for a researcher to embrace new research models and 
evaluat ions? 

Data access with privacy in mind - Some data cannot be made available for research because 
of some sensiti vity attached to the data, such as for instance user logs which contain individual 
privacy or busin!'Ss assets which contain commercial value. And yet, this is data which may yield 
to societal discoveries if it could be analyxed. Data anonymilation which allows performing 
research has proven difficul t in pract ice with well documented privacy breaches. Privacy-
preserving approach!!S may be helpful in some cases while being too restrictive to allow 
research in others (e.g. privacy-Integrated queries). Another approach, in line with cloud 
computing, may be to leave the data Se<:urely hosted with the data owner, while allowing 
dynamic actess to it via a query engine or service (e.g. www.research.microsoft .tOm/web-
ngram which e~poses n-grams probabilities to r!'Searchers based on the Bing search engine 
index). With such an approach, it becomes easier to provide recent and timely data to be 
accessed, but the notion of data benchmarks for science reproducibility can easily disappear. 
Should we focus on sharing data or should we focus on data access and finding new models to 
support science while actOunting for the dynamicity of data? 

Semantic Data lor decision making - Data has become a 1'\ class citi len under different 
mul timedia encoding: te)(l, speech, non verbals, images, videos, sensors, and semantics is 
emerging as a unifying paradigm. In a knowledge-driven society the emergent ecosystem of 
software and services for research will require tet:hnologies which enable machine-based 
information management, analysis, reasoning, and inference. Products and tools from 
information industries are underway to start delivering on the promise of semantic computing 
(e.g. visual search, semantic search). However, we need further investment in and wider 
deployment of semantics-based technologies, such as those demonstrated by resea rch projects 
funded by UK eScience and the NSF Cyber-enabled Discovery and Innovation programs, and 
which can now be scaled up to web-scale via the emergent cloud computing infrastructure and 
the availability of Linked Data. 

http://www.nsf.gov/cgi-bin/good-bye?http://research.microsoft.com/en-us/collaboration/focus/cs/web-ngram.aspx
http://www.nsf.gov/cgi-bin/good-bye?http://research.microsoft.com/en-us/collaboration/focus/cs/web-ngram.aspx
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