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EXECUTIVE SUMMARY

Executive Summary

The Gordon and Betty Moore Foundation (Moore Foundation) contracted with Abt Associates in

September 2016 to conductréd-term evaluation of its Data-Driven Discovery (DDD) initiative.

The objectives of this evaluation were to assess
achieving its key goals: to highlight the contributions of ditaen researchers in the natural

sciences; to foster thiissemination of software, tools and other sciesrabling resources; and to

provide compelling exemplars of environments that nurturediatan scientific inquiry at academic

research institutions.

Overview of the DDD Initiative

The DDD initiative wasnotivated by the growing perception that increasingly-datascientific

fields were Adiscovery poor o due t o [Athoigh ati ons
scientists are generatingst quantities of datat unprecedented rate® harnesshese data they must
overcome&hreeprimaryimpediments:

1 Researchers in the life and physical sciences too often lack expertise (or access to expertise)
in computational, mathematical, or statistical methods or tools needed to manage and analyze
large and complex data.

1 Software, tools, and resources that enable the efficient manipulation and analysis of big data
are not widely available, have technical limitations, or are insufficiently reliable.

1 The traditional structures and normative practinemcademic research institutions do not
adequately nurture datixiven science or reward its practitioners.

In November 2012, the Moore Foundation approvedid® initiative foran initial five-year phase,
with a total investment of $60 milliofa sixth year received approval in 2015hef the largest
privately funded programs of its typine DDD initiative comprisethree intefrelated investment
strategied People Practices andinstitutions (Exhibit E1)0 each of which aligns with one ofriée
objectives?

To highlight the value of datadriven scientists in academiaa key objective of thBeople
strategythe DDD teamaunched d@ata-Driven Discovery (DDD) Investigator awardcompetition
open to doctoralevel early careeor experiencedasearcher$From an initial pool of more than
1,000 applicants, the Moore Foundation selected 14 awardees in October 2014, each of whom
received a $1.5 million, fivgear DDD Investigator award.

To drive the creation and dissemination of readily usable ts, methods, and techniques to
enable datadriven discovery across the natural sciencethe DDD initiative has funded, to date,

1 http://www.insidephilanthropy.com/sciencesearch/2014/10/20/theewrecruitsin-mooreshugedata
program.htnilaccessed July 12016.
2 Early career applicants were those witsilnyears of receiving their PhD; experienced career applicants

were thosewith prior experience as a principal investigator (Pl) ePt@n a research award fromealéral
agency or private funder.
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eight organizations under iBracticesstrategy; four were selected for inclusion in the-eign
evaluation:

91 In July 2015Project Jupytereceived a thregear, $1.5 million award (with an additional
$1.5 million from the Sloan Foundation and the Helmsley Charitable Trust) to improve the
functionalityand flexibility of Jupyter Notebooks shareable, interactive electronic
notebooks in which researchers store and document programming code data analysis output,
visualizations, and text in an integrated platférand to enhance the capabilities of
JupyterHub, a multruser instantiation of Jupyter Notebooks on a central served,abou
computing cluster.

1 Julia Computing received a twear, $600,000 awatd developthe Julia language an
open source programming langudlgat combinegastcomputational speed needed for
processing large volumes of datah high-level, userfriendly scripting.

1 Continuum Analyticseceived a tweyear, $700,000 awartd enhanc®ask andNumba,
two open source packages for use with Pyflome of the most widely used scientific
computing language®ask is a dynamic task scheduler for aselyf very large datasets
Numbaintegrates with the NumPy package ané n er atinga s mejousntac hi ne code
optimize compilation speed

1 Data Carpentry, which offers training workshops, instructor trainings, and currionla
introductory computationalkills geared t@ ¢ i e miamaisspesificdata analysisools,
received a $750,000 twgear grant in September 20ttbexpand its instructor pool and
extend training intmew domains (genomics, geosciences, neuroscience, and astronomy).

Exhibit E1: The DDD Initiatived s T Istraeegies: Key Goals and Allocation of $60 Million?®

Practices (15%)

$9M Foster the development and disseminati
of tools and resources that enable
analyses of large, complex data sets

Institutions (50%)

Promote new norms

in academic research
institutions to better $30M
cultivate and reward
datadriven

researchers, tools,

and practices

People (35%)

Increase the visibility of individuals a
the intellectual forefront of datdven
science

To foster academt environmentsthat nurture data-driven research, researchersand tools, the
Institutionsstrategy targetd changan organizational structures and practices that affect the retention
of datadriven scientists in academia, and sought to promote bothdaiszsglinary collaborations
betweercomputational methodologists and dombased scientistnd training opportuties for
researchers to acquire dabaven skills for scientific inquiryln November 2013, the Moore

8 Exhibitadapted from materials provided by the Moore Fou
kickoff meeting
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Foundation, irpartnership with the Alfred P. Sloan Foundatiannounced three fivgear awards to
the University of California at BerkeldCB), the University of Washington (UW), and New York
University (NYU)for each institution to establidloore-Sloan Data Science Environments
(MSDSES9. Each institutiomeceived approximately $10 million from the Moore Foundation, with
additional funding ($2.5 miltin each from the Sloan Foundatioto build a community oflomain
scientists and methodologists engaged in research, tdaffiesl and informal da science training
activitiesto enable datdriven science to flourish, and éstablismewpositions ad career tracks for
datadriven researchers. To foster successful implementation of these new environments, each
MSDSE formed Working Groups to address challenges in six priority areasrégy paths and
alternative metricy(2) education and training3) software tools, environments, and suppofds
reproducibility and open scieng®) working spaces and cultyrend (6) data science studi&sch
of these areas was s etweendansain acience/stipntarst datadcientieb r i d g e ¢
methods/methodologists

The Evaluation Approach

Three research questionguidedthe midtermevaluation

(1) What results, thus far, has the DDD initiative achieved, and how effectively haRedpks
Practices andinstitutionsstrategies contributed to these results?

(2) What role has the DDD initiative played in changes in the data science landscape?

(3) How can positive outcomes of the DDD initiative be sustained? What insights and lessons learned
have emerged? What are potentialifatopportunities for datdriven science?

To address these questions, the Abt team psethry and extardata sourcesncluding:
(1) Interviewsconducted in February and March 2017 by telephone or during site visits with

1 DDD Investigatorg13 of the 14 imitees participated)
1 Non-awardee finalists for the DDD Investigator Aw#6dof 13 invitees participated)

1 Department chairs and an appropriate academic ateather administrator at five DDD
Il nvesti gat oX0efdl invikeestparticipated)o n s

9 Postdoctoral researchers, doctoral graduate styderdther research staff working in five
DDD I nvesti gat o(alslbinviteesypartcipatel) gr oup s

1 Project leads at each of the f®Rnacticesgrantee organizations included in the frédm
evaluation(all 4 invitees participatedgnd

4 This group comprised individuals who had presented their proposed grant activities at the Moore
Foundati onds of foafthecempetition,tbut @timatelynvare not selectedifor the award.
One additional nomawardee finalist who was unable to attend thparson round of the DDD Investigator
Award competition was not invited for an interview.
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1 Project users or key contritlaus nominated by th@racticesproject leads (and not employed
by the grantee organizatip# of 6 invitees participated

(2) An online surveyfielded in March 2017 with DDD Investigors and noawardee finalists and
semifinalists in the DDD Investigator award competit{ds of 93 invitees, 13 DDD
Investigators and 31 neawardees, participated); and

(3) Existing data, includingnnual reportsto the DDD teanfrom each of the 14 DDD
Investigatorsthree of the fouPracticesgrantees inclded in the migderm evaluation, and the
three MSDSEsinterviews with MSDSE lead personneland administrators (e.g., deans or
provosts)at each MSDSE host institutionin the Spring of 201;? online sourcesincluding

grantees® websites, schol aepdrtyandcorbnentariesfromo ns and
organizations pursuing goals simitarthose of the DDD initiativeand information about
feder al , philant hropi cgaddt edivwrossignckmitigiivesy e st me n't

Details of the data collection procedures, response rates, and analysis methods are included in the
main report and its Appendix B.

Summary of Key Findings of the Mid-Term Evaluation

Evidence fromacrosstheea | uati onds data sources support the
The DDD initiative has highlighted the value of datedriven scientists by:

1 Enhancing the visibility and credibility of datlriven science and scientists;
T Expanding gr ant e e sfihding aupparcfor ney pdyspnngd;amav i di n g
1 Enabling risktaking and providing flexibility.

The DDD initiative has promoted the development and dissemination of scieneaabling
software, tools, and resources:

1 All 14 DDD Investigatordiave disseminated or adeveloping software or other science
enabling tooldor datadriven research, and some indicated that they had had difficulty
advancing work on such tools before their DDD award

1 Project Jupyter, with an estimated 500,000 Jupyter Notebooks posted onbgithartuary
2016, has released an alpha version of JupyterLab, an impnteegattive development
environmentand launched JupyterHudb multiuser, browseenabled version of Jupyter for

5 We completed atleastonecsh fiuser/ contri but or oPracticesgranteesew f or t hr
despite repeated requests, one ofRtecticesgrantees did not provide names of interview respondents
For Data Carpentry, we ask#te project lead to nominateined instructorgtypically graduate students)
whom we could invite to participate aninterview.
6 To preventduplication of effort and minimize burden on the MSDSHIst and the Moore and Sloan
Foundations agreed that the rtétm evaluation of the DDD initiative wd use data from interviews
collected as part of a separate evaluation of the MSDSESs that Abt is conducting under a current contract
with the Sloan Foundation.
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cloud or high performance computing environnsemthichmore thara dozen universities
have implemented.

1 Data Carpentry has capitalized on its DDD grant to become-ausgHining, transparently
managed organizatiomith over 800 volunteer instructors trained, @telping to meet the
high demand among scientistsrfr@ wide range of domains for training in data organization
and analysis tools for research

1 The Julia Language, despite not yet having released version 1.0, has witnessed dramatic
growth in the past few years, becoming of the top ten programmitanguages in active
development on github by May 20%ith a growing number of advocates for its applications
to scientificdomairs such aastronomy, bioinformatics, geosciences, statistiearoscience,
guantum physicgnd data visualization

1 All three MSDSESs have research scientists, fellparsd other personnel who are actively
producing and sharing a large number of tools for-deteen inquiry across multiple
scientific domains, including both tools addressing particular deapenific challenges and
toolsthat have broad applicability across scientific domains

The DDD initiative has begun to demonstrate the importance of new academic environments
that nurture data-driven research and researchers, although some challenges remaivith
respect to this goal, the DDD initiative has:

1T Mayed a major role in catalyzing acaiemic
datadriven skills for scientific inquiry

1 Fostered robust collaborations between computational methodslagid domaibased
scientistsand

1 Had a limited effect, to date, on promoting changes in academic research inséitutions
mechanisms for retaining datigiven scientists in academia

Evi dence for the DDD initiat ifomDbDDgrameesrobush s ci
publication records (or, for Practicesgranteesother evidence of their role in scientific findings
However, determining the DDD initiativebs rol
causal attribution thatrise frequently in evaluations ofherresearch grant programdoreover,

looking for links between the DDD initiative and discoveries is likely premature, given its short
number of years relative to the typical time frames for peer review and puiiicatihough

accelerating scientific discovery is alimategoal of the initiative, evidence reviewed above
suggestshat the initiative is meeting its more proximate gtafacilitate the developmenf the

ir eseaarscthr vicntfurr e 0 () dnavbidh datadxiven scieméstsdlyoAdmore robust
foundation of data analysis tools and methods (i.e., the-&rartgoal of the DDD initiative) is

necessary for modern scientific inquiry and new discoveries to emerge (thelongoal of the

initiative).

Data reveal a network of links between the DDD Investigator$racticesgrantees,and the
MSDSEs:

9 Eight DDD Investigators either have collaborated with researchers at an MSDSE or have an
affiliation with an MSDSE and actively participate in itsTmounity at the institution
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1 Data Carpentrnand Project Jupyter are deeply integrated with the MSDSEs and the work of
several DDD Investigators, and each MSDSE has one or more active users or contributors to
the Julia Language.

9 Dask was prototyped at tl2015 BIDSData Structures for Data Scientistsrkshop, and
data science fellows at the eScience Institute contribute to efforts to connect Dask with scikit
learn.

The DDD Initiative has played a role in three key changes itihe landscape for datadriven
science:

1 The MSDSEs may have catalyzed the emergence of new data science initiatives at some
academic research institutions, although som
share the DDD initiativeb6s 6.ocus on discover:

1 Federal funding for datdriven scientific research has increased, but the DDD initiative was
an early leader and continues to play a prominent role.

1 There is increasing momentum toward open science and reproducibility, a movement that the
DDD initiative has fully embraced and promoted.

As the DDD initiative moves toward the end of its initial phase:

1 DDD Investigators and MSDSEs will likely require additional external funding after the
DDD grant period concludes tmntinuesupporing research softwarengineers, research
scientists and data science fellows.

1 All three MSDSE host institutions signaled enduring commitment to the data science
environments, but respondents also raised ¢osa@bout continuity of funding.

1 Formal career pathways for reseascdftware engineers may present a potential test case for
the viability of alternative career b for datadriven researchers in academia.

1 Survey respondents representing 30 academic research institutions perceived multiple unmet
needs for datdriven regarch at their institutions, including space to meet with colleagues
from multiple domains; access to other daitiven faculty data scientists and software
engineers; and educational initiatives to build capacity of students tribco® to datadriven
research.

Potential opportunities for advancing the goals of the DDD initiative include:

1 Implementing an institutiondl e v e | A ChalDreingeens dcni eDnactead pr ogr e
domain scientists and computational methodologists aM®RSE institutions @und a
shared problem that they propose. If feasible, such a program could present an opportunity to
demonstrate the value of datdven science at institutions without the impetus or resources
to establish an MSDSHkke data science environment.

1 Exploring ways to further engage academic research libraries and/or research computing in
datadriven research.

T Supporting smalkcale, crosslomain and crossstitutional communitybuilding events for
datadriven investigators or early career scientists to agtvand learn from each other.
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The DDD Initiative Has Highlighted the Value of Data-Driven Scientists
Enhanced Data-Dr i ven Sci ent and Cedibiltyi si bi |l ity

The DDD initiative has raised the profile of DDD Investigators, which has translated inifoléang

new resources and opportuniti#&en DDD Investigators interviewed indicated that the DDD

Investigator award had validated their credibility as independent researchers and provided

new opportunities and access to resources and colleagues. Several ailtiators at DDD

I nvestigator so i thadthe atvands iegrasenteccvalidation,botlfemdividual

researcher and for datiiven science writ more broadlyhe award has also helped its recipients

secure tangible resources and oppaties such as improved laboratory space, invited talks at their

own and other institutions, and appointment to |
initiativesor similar research centers.

MSDSE respondents also reported that the DDD initiative hade vangel i zedd t he ben
data-driven research and built crossdepartmental bridges At each MSDSE, joint appointments

of faculty and postdoctoral fellows with academic departments fosteoebvgjth and cooperatian
departmentseceived a share of funding from the MSDSE for new personnelspifigheir time

between core MSDSE activities argsponsibilities withirtheirhomedepartmentOne UW

respondent indicated that this arrangement hasmglepartments across campus an incentive to hire

faculty who combine methodological and domspecific expertise, and it has enabileel eScience

Institutet o find Afriends for | ifed among department
additioral faculty member, argued one MSDSE respondent, but they also have a chance to witness the
important contributions that these new ddiaven scientists can makat NYU, a university

admini strator saw t he MSDhStaddldorjenshiresebd i &8 hfmelnd a ro,f ¢
replicable patho for the wuniversity.

Expanded Grantees6 Capacity By Supporting New Pe

DDD funding gave grantees across the three strategies the ability to hire personnel who expanded

t hese gapacitytfoecere r@search or development activdtiegher by contributing expertise

in software development or computational methods, or by freeing grantee leaders from operational or
administrative tasks

About half (6 of 13) of responding DDD Investigtors reported that their DDD award had given
them flexibility to expand their research groups with new types of expertisea few of these
Investigators indicated that other grant funding would not have allowed them to hire some of these
individuals. DDD hvestigators specifically appreciated the ability to add to their research groups:
postdoctoral fellows with specific interest in applying tools and methods from one scientific domain
to another; software developers; and (for one DDD Investigator) a catigmal methodologist at a
higher salary level than a postdoctoral researcher would typically receive.

For Practicesgrantees in particular, DDD funding has beertransformative: it hasallowed
grantees to devote fulltime staff to projects they had previasly pursuedin their spare time
and provided supportfor operational, administrative, and outreach tasks, freeing up project
staff to devote moretime to substantive work on the projects OtherPracticesgrantees credited
the DDD funding with freeing therfinom constraints imposed by commercial client® are
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generally more interested in solving specific problems than in investing in a free and open source tool

developed for larger benefit

At the MSDSEs, the data science fellows, research scientists, gmdgram management staff
supported with DDD funding (and with other funding that the Moore-Sloan funds allowed these
institutions to leverage) have been critical for a broad range of research and educational

activities. One MSDSE leader referredtothtfe o ws as one of the dat a
fanchors, o a view echoed in similar comments

MSDSEs these individuals have | ed Working Group

sponsored projédased collaborations between methodologists and domain scientists, described
below), offered trainings, and seeded collaborations with faculty across each of their institutions. At
NYU, the MSDSE award enabled the hiring of talented researchers whesagadransformed its
Center for Data Sci enc e-dégeddsanting program irgorairolmestr i | vy
research center. Data science fellows at the eScience Institute at UW have participated actively in
collaborative, datariven incubator an®ata Science for Social Good projects that have won
scholarly awards, attracted local press coverage, and received external grant funding. The data
science and computational fellows at BIDS have likewise played key roles in a variety of
collaborative actiities, including a 2015 twday Data Structures for Data Science workshop, and the
formation of the Image Processing Across Domains (ImageXD) and Text Analysis Across Domains
(TextXD) research collaborations.

Enabled Risk-Taking and Provided Flexibility

TheDDD initiative has also enabled its grantees to take risks important for their professional
advancement and provided flexibility to pursue emerging opporturtiteds (7 of 13) of the DDD
Investigators credited the award with providing freedom to gupsdentially risky research agengas

three other DDD Investigatoxsa | ued t he DDD teambs openness to

research, compared with the more rigid constraints of other funders. DDD funding also allowed DDD
Investigators the freedotn focus more on the quality than the quantity of publicationst@anark

directly on developing methods, software, and tools other types of funding would not sGmgort
Practicesgranteelead nd MSDSE | eaders | i kewi se,andal ued t
encouragement to experiment with different approaches.

The DDD Initiative Has Promoted the Development and Dissemination of
Science-Enabling Tools, Methods, and Resources

DDD InvestigatorsPracticesgrantees, and MSDSE personnel have made significant contributions to
the development of a wide range of software, tools and resources fairigatascience.

All 14 DDD Investigators have disseminated or are developing tools for a variety of
data-driven tasks

These tools include domaspecific toolsas well as codasedto produce analyses in publications or
preprints. Others have developed or contributed to tools intended for a wider au@ieseeinclude
workflow tools to support reproducibilitynteractive data visualization topknd data extraction
tools Some DDD Investigators indicated that moving these toolsaiahpreDDD award was
difficult, because other grant awards would not have funded these types of tools.
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Among he fourPracticesgrantees included in thevaluation threehave contributed demonstrably to
a more robust infrastructure for datdven science as descri bed bel ow; wheth
tools achieve more widespread adoption is unclear to date.

Scientists across multiple domains have embraced Jupyter Notebooks

A r

One of the key goals of Project Jupyterdés July 2
experience of Jupyter Notebodky January 2016, Jupyter estimated there were approximately three

million users and 500,000 Jupyter Notebooks on gitAile success of Jupyter Notebooks is also

indicated by notable examples of their Use:

1 Data from the 2015 detection of gravitational waves are available in Jupyter Notebook form
from LI GO6s Opén Science Center

1 The entirecontents of théestsellingPython Data Science Handboakeimplementedn free
Jupyter Notebooks in a github repositéry

Project Jupyter is also progressing well toward other goals of its DDD grant. In R@D&iptyter

team announcean apha version of JupyterLahn inteactive development environmeah¢signed to
makeJupyter Notebookmore modularpowerful and flexible they expecto releaseversion 1.0 in
summer or fall 2017. JupyterHub, a muler, browseenabled version of Jumt.ab, appears

poised for similar growth: Mre than dozen academic research univergiags implemented
JupyterHub, anthe National Energy Research Scientific Computing Center (NERSC) has deployed
JupyterHubon its Cori supercomputer.

Since receiving its DDD award in September 2015, Data Carpentry has become a self-
sustaining organization

Data Carpentry, officially launched in 2014, has leveraged its DDD grant to Hinecantive

Director, Deputy Director of Assessment, Community Dewment Lead? and Program

Coordinator and to extend its offerings (training workshops and curricula) into new scientific
domains. To date, Data Carpentry has developed matereddtwgists, genomicists, biologists, and
scientists working with geospatidata with work underway focusing on image processing and
neuroscience datdhe organizatiotnas trained more than 800 volunteer instructors worldwide,
helping to build mucineeded capacity in the daddaven sciencesas affirmed by published survey

data and interviews witBDD Investigators, their postdoctoral and graduate student colleagues, non

7 Also seehttps://github.com/jupyter/jupyter/wiki/Ayallery-of-interestingJupyterNotebooks

8 LIGO stands for Laser Interferometer GravitatieWéhve Observatory. For event data in Jupyter Notebook
form, seehttps://losc.ligo.org/about/

® VanderPlas, J.T. (2016Python data science handbook: Essential Tools for working with 8atzastopol,
CA:0O06 Rei | I 'y Mpsd/gitlaub.co®/mlevdp/PythonDataScienceHandbook

10 Duckles, J., & Teal, T. (2017, June 7). Announcing Belinda Weaver as our community development lead
[Blog post]. Retrieved frorhttp://www.datacarpentry.org/blog/communitevelopementead/
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awardees from the DDD Investigator competition, MSDSE respondedtBata Carpentry
instructorst*

The Julia Language is among the top 10 languages in active development on github

As of May 2017, Julia was one of the top ten programming languages in active development on

github with more than 8,500 stars and nearly 2,000 fér{&ars allow userto show appreciation

and bookmark a github project for eaggess; brks allow programmers to add features or make
contributions tahe project) At the most recent user conference (JuliaCon 2017), five days of

sessions included examples of applications of Julia to astronomy, biology, ecology, evolution,
geosciencs, statistics systems biology, mathematics, machine learning, neuroscience, quantum
physics,and visualizationinterview data suggest that Julisersvalue its combination of a high

level syntax with speed, but also recognize that because Julialyagrnot r eached ver si on
ready for prime timeo (DDD | nv e PBracticgsprojestdepd).and i s
The MSDSEs have each contributed domain-specific and more general-use tools for

data-driven science

A key component otach MSDSE is ®Working Groupexplicitly focusedon buildingsoftware tools
for datadriven research. Some of the MSD8&velopedools with applications to multiple scientific
domainsinclude:

1 rOpenSci(BIDS) is acollection of Rbased tools to suppdriteractiveaccess tgand
analysis ofscientific datawith support forefficient documentation and deposit of data in
repositories

1 Myria Big Data Management Service(eSciencednstitute is a cloudbased service intended
to make initial data manipulatiomore efficient and automated.

T ReproZip(NY U® s N Sllbvws Ecientists to package the data files, libraries, variables,
andother featuresassociated with a project forhars to explore on any machine.

The DDD Initiative Has Begun To Foster Academic Environments That Nurture
Data-Driven Researchd Challenges Remain

The DDD Initiative has helped individuals advance professionally but has not effected
formal changes in review criteria for data-driven scientists

Given industry demand for employees with datarste skillsa major goal of the DDD initiative is
to retain dag-driven scientists in academia, ltkie DDD initiative has had a limited effect, to date, on
promoting changes in institutional mechanisms for retainingdtatan scientists in academia.

Although the DDD Investigators are highly regarded and the majority (10 of 14) are associate
or full professors with tenure (four others are on tenuretrack), most administrators at DDD

A

I nvestigatorso institutions i ntigatorawarceowehdngisgaw no ¢

11 Barone, L., Williams, J., & Micklos, D. (2017). Unmet needs for analyzing biological big data: A survey of
704 NS principal investigators. bioRxiv 108555. Preprint. https://doi.org/10.1101/108555

12 See Claster, A. (2017, May 25). Julia ranks among top 10 programming languages developed on github.
[Blog]. Retrieved fromhttps://juliacomputing.contilog/
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formal tenure or promotion criteria for data -driven researchers Similarly, some MSDSE tenure
track faculty and research scientists at MSDSESs have received tenure or promotion, but the MSDSE
institutions have not, to date, adoptttinges in the formal review criteria for ddtasen scientists.

Sever al uni versity administrators (e.g., deans
institutions felt that their existing review criteria, coupled with the use of external letarsf
candi dateds field, adequa tdaveryreseaglhets..beveraleaddhe cont r

faculty or staff at the MSDSESs disagreed.

Some DDD Investigators and MSDSE leaders expressed concern about the opportunities in
academia for datadriven scientistsseeking alternative career pathways, but other respondents,
including MSDSE lead personnel, postdocs, and administrators at the three host institutions, thought
that the unique opportunities available to MSDSE fellows and postdocs makkltiem attractive
candidates when they entered the academic job m&&eh MSDSE can also point to a few

examples of former data science fellows or postdoctoral fellows who have trans#imoedsfullyto

faculty positions in academic research institutidwevertheless, to date, the MSDSEs have a
relatively smal |l then iibledatatodatetiaasess rcent changas th

academic opportunities for dadiaiven scientists. At the MSDSE host institutions themselves,

MSDSE leaders and urgvsity administrators were actively exploring waysnake sustainable the

new research scientist and data science felhgwsositionghat the MooreSloan support has enabled
duringthe grant periodRespondents suggested potential partnerships with university research

|l i braries or research computing departments; a r
professorships; and a salary buyback approach, in which a data science fellow who reagiyed sal
support from an external grant could receive part of that salary back from the university in the form of
added research funds.

MSDSE collaborations have nurtured data-driven scientists and demonstrated the
value of data-driven science

All three MSDSEseportedseveralexamples of successful collaborations with oth@versity
research centers and engagement of MSDSE personnel in a variety of research inifiasitves.
notably, UCB and UW (along with USan Diego) are collaborating to operit& F 6 sterMRigs
Data Regional Innovation Hub one of four regional data science hulkkiltiple faculty, data

science and postdoctoral fellows at the eScience Institute work darte Synoptic Survey
TelescopgLSST). At NYU, MSDSE personnel contribute tiee DIANA/HEP project , a software
development ammunity for highenergy physics that supports Large Hadron Collider experiments.

To demonstratefurther the unique contributions of an environment dedicated to datalriven
scientists the MSDSEs have each estaBlih e d A i n c u b a foroonedto threernampth a ms
projectbased collaborations between scientists anddtatan methodologistsThe incubator
programsacceptapplications from scientists (or teams) who propose a specific, ddraséu

problem that wouldbenefit from consultation with experts in dalidven methods or tools. Successful
proposals receive a small amount of funding to conduct at&rartcollaboration, typically one to
three monthsandwork toward a solutionMultiple respondents frorhe eScience Institutspoke of
the value of the incubator program for facilitating collaboration and building supporefMSDSE
across the institution.
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The MSDSEs have provided opportunities for training in data-driven skills and
methods

The MSDSEs have poven particularly effective at providing training opportunities for data-

driven skills, and these training opportunities have further raised the profile of the MSDSEs at

their host institutions. Primary responsibility for providing such opportunities r@stsach

MSDSEO6s Education and Training Working Group. TEF
MSDSEs have offereBata Carpentry and Software Carpentry workshops, Python boot camps, and
topic-specifichackathonge.g., AstroHackWeek, GeoHackWeeleoHackWeek)as well as

various wor kshops speci fMulipphysiocs Ogeai@ribntedISnuateon ( B1 DS 6
Environment MOOSH Framework Workshopa 2015 NSHunded graduate Data Science

Workshop at the eScience Institute; #@46 Atlantic Casal Inference Conference-sponsored by

NYU6s MSDSE). Notable developments in formal edt
include:

9 BIDS personnel participated in the camyide, facultyled effort to establish a Data
Science education program (DSE . D S E P 6 s -leveliroundatibns of Data Science
(Data8) course launched in the spring of 2026BIDS Senior Fellow assists faculty teaching
DSEP courses, and the program uses Jupyter Notebooks and a JupyterHub to host course
materials and managtudent assignments.

T UCB approved the formation of a new Division of Data Sciences, for which it hired an
interim dean in May 2017. One UCB administrator directly credited BIDS as the catalyst for
this new division.

T Adding to the CDSmasstheirghsl yd ecgormepee tpirtoigweam i n d
MSDSE helped win university approval of a new doctoral degree program in data science.

T NYU6s MSDSE Education and Training Working G
science minor, and is drawing plams fts Introduction to Data Science course based on the
precedent set by UCBO&6s Data8 cour se.

1 UW approved both a Master of Science in Data Science program, coordinated through the
eScience Institute and, building off the success of the Big Data and DataStGERT
program, arAdvanced Data Science (ADS) Optifor doctoral students, with nine
participatingdepartmentsApplied MathematicsAstronomy,Biology, Chemical
Engineering, Computer Science and Engineeriiggenome Scienceb]athematics
Oceanography, and Statisbics

The DDD I nitiativeds Role in Scientific Disc

Although accelerating scientific discovery is one ofutignategoals of the DDD initiative, the more

proximate goal of the DDD initiative is to facilitate the developméisbétware, tools, practices, and

ot her Kkinds of firesear chd parictlarhatisoserwarking withé&ageoo n whi c
complex daté increasingly rely. The evaation revealed clear evidenitet the DDD initiative is

meeting its immediatgoals to support the people, practices, and institutions ofdiaten science

Several DDDinvestigators and MSDSE leadeautioned that it was relatively early to look for signs

of their role in new discoveries, especially given the lengthy procgeeofeview, revision, and
resubmissionNeverthelesshe DDD Investigators and the MSDSEs provided robust publication
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records in their annual reports to the DDD team, and twdPracticesgrantees track their

projectso6 cont ritheirwebdies. Blowever, we briefly note gust twa of several

difficulties in determining the unique role of the DDD initiaiver of any specific research grant

in these publications. Many DDD awardees likely had a meritorious and promisiag/are record

of publications that likely predicts future publication success even in the absence of a particular grant

such as the DDD award. For DDD grantees, moreover, it would be difficult to distinguish
publications -deifrvead 6cbmnfidmot@vemepersiothss f r om t hc
relevant research domaimsght disagree over such classifications). Finally, given the lack of

standards for citing software asiilar research products datadriven scientistsit is not feasible,

at present, to trace thesentributions to future scientific findings.

DDD Investigators, Practices Grantees, and MSDSEs have active
interconnections

Data from interviews and annual reports reveal a network ofdinksr o ss t he DDD initia
strategies and suggest that gtiategies are mutually reinforcirigight DDD Investigators have

collaborated with researchers at an MSDSE or hawadfaiation with an MSDSE, which has further

enhanced their visibility and expanded their opportunities for collaboration. Data Campahtry

Project Jupyter have active engagement with a range of projects and events at the MSDSEs and each
collaborates with a DDD Investigator. MSDSE faculty and data scientists contribute to projects that

use Julia or Dask.

A DDD Investigator and BIDS datxience fellow helped elmund Data Carpentry, and continue to

develop workshops with the organizati@ath BIDS and the eScience Institute have formal

partnershipsvith Data Carpentry, and the organization has participated in hackathons and other

eventsat the MSDSEs. BIDS provides Project Jupyter a home, and the Jupyter team has several

coll aborations with BIDS fellows. A custom Jupyt
Education Program. Jupyter and DDD Investigator Matthew Turk are collabovat@gcientific

workflow project.

The DDD Initiativeds Rol e i n -xive@BBaenagi ng Land

The broader landscape for dab@ven science has clearly changed over the past five years, based on
evidence bprogress in several key areas:

(1) Theprevalence of data science initiatives at major research univeisitieseasing and tkere is
evidence that the MSDSEs may have catalyzed some of these inifintvestheless, some of
these programs focus on applied sciences in contrasttotheISIBS f ocus on basi c ¢
the natural sciences:

91 All three MSDSEs reported multiple inquiries from other academic research institutions
about their data science environments

9 Eight of the 15 universities invited by Moore Foundation and the Sloan &bomslto
compete for an MSDSE award have since.launch:

(2) Althoughthere isnow morefederalresearch suppofor dataintensive science research in
academic institutions, the DDD initiative was early to iderdifig act on this funding need and
continues to play a prominent role in supporting -@hib@en science:
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1 TheNational Institutes of HealtNIH) and theNational Science FoundatigNSF) launched
maj or Abig datao initiatives in 2013.

1 However, the DDD initiave remains one of relatively few sources of funding for researchers
approaching basic (i.e., n@pplied) scientific inquiry with a datdriven lens, and for
organizations developing sciererabling tools.

(3) Thereis increasing traction in the progress &wd/ open science amdproducibility, and the DDD
initiative has fostered this progress by:

1 Supporting researchers who have made important contributiopgmosgience and
reproducibility;

1 Funding the development and dissemination of tools such as JMoyedrooks that enable
reproducible research practices; and

1 Including an explicit focus on reproducibility as one of six key themes of its MSDSEs.

Sustaining Key Successes, Remaining Challenges, and Potential
Opportunities

Sustaining DDD Iltadesvéegateseardh | abs and the
require external funding

Both individual investigators and data science environments will likelgontinue torequire

external funding after the end of thér DDD grant period to sustain productive programns of

data-driven research and opportunities for training and crossdisciplinary collaboration. About

a third of the DDD Investigators hired software engineers and/or research scientists above the level of
a postdoc; all three MSDSES hired research softaragecomputational methodologists; and at least

three of the fouPracticesgrantees included in the midrm evaluation hired research software
engineers® DDD Investigators will need to fund positions that add atiensive expertise to their
researchdams, and MSDSEs will likewise need to support a critical mass of researchers with such
expertise, as well as administrative staff necessary to run the programs.

Despite concerns about funding, evidence points to continued institutional
commitment to the MSDSEs

Intervieweesat MSDSE institutions voiced concerns about the availability of-p&dD funding to
sustain a critical mass of fellows, research scientists and other personnel and appraheunsion
possible changes to the structure of the MSDSESs.ifedbiegse concerns, institutional commitment to
the MSDSEs is evident at all three host institutions.

1 At UCB, BIDS has made visible contributions to the Data Science Education Program, a
faculty-led initiative that has generate