
Praise for Data Science in the Library

‘Libraries are increasingly becoming central in the field of data science, as
spaces on academic campuses that can provide access to all researchers and
students. The potential role libraries can play – and ways they can incorporate
data science – are expansive, including training, curation, data support services
and improving library workflows. This book covers them all and provides
excellent case studies, context and advice from leading experts and practitioners
in these areas of work. Data Science in the Library is a thoughtful and practical
resource that can help any library develop a road map, as well as guide
individual librarians in creating programs or resources around data science.’

Tracy Teal, PhD, Open Source Program Manager, RStudio. Former Executive
Director, The Carpentries

‘Data Science in the Library offers a comprehensive look at the impact of
university libraries on data science research and education. It highlights the
library’s unique role as a “third space” for data science at a university campus.
This ranges from directly providing space for cross-campus interdisciplinary
research support and training to creating new curriculum in under-taught
areas such as RDM and reproducibility. It is clear that the role of the library
in data science is still at an iterative phase, with clear barriers to sustainability.
At the same time, the book highlights the incredible opportunity that the
library can fulfil if all of these insights can be synthesized into a common
template for institutions to adopt. I have learned much from this book and it
is essential reading not only for librarians practicing data science, but for
administrators of data science programs across the world.’ 

Anthony Suen, Program Director, Division of Computing, Data Science,
and Society, University of California, Berkeley

‘Librarians and tax collectors may argue over who were the original data
scientists, but everyone can agree that data is only useful if it is archived and
findable, and librarians have been worrying about that for thousands of years.
The articles in this useful new collection explore how they’re adapting in a
rapidly-changing world by deciding what new skills they need, restructuring
training and making institutional changes to ensure sustainability. If you’re
trying to figure out how to survive and thrive as pages are replaced by
petabytes, there’s no better place to start than here.’

Greg Wilson, Head of Education, Metabase. Co-founder of Software
Carpentry. https://third-bit.com
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Introduction: The Rise of Data Science
Joel Herndon

The last two decades represent an unprecedented period in the history of data
analysis. As the cost of technology has steadily decreased, access to
sophisticated data tools has increased, expanding the audience for data-
informed research and decision making. At the same time, new areas of research
and research methodologies are now possible with the rapid growth of online
data produced as a byproduct of digital commerce, file sharing and social
media. Together, this confluence of inexpensive computing, plentiful data and
accessible tools has created a new interdisciplinary area of research that
harnesses the traditional disciplinary expertise of statisticians and computer
scientists to explore a wide range of data-related questions. As more researchers
and companies embrace data-driven approaches, the phrase ‘data science’ has
become an increasingly popular term to describe this growing area of research.

Defining data science
Attempts to apply strict disciplinary boundaries to ‘data science’ remain
elusive. While many practitioners have attempted to craft conceptual
definitions of this research space, others have challenged the notion that data
science is a new field (Conway, 2013; Boykis, 2019). Donoho (2017) makes a
compelling argument that statisticians have engaged in data science since the
1960s and others, such as Press (2013), note that many disciplines have
explored data science concepts for decades.

Despite these disagreements over the disciplinary origins of data science, its
methodologies and scope and the professional role of data scientists, the
persistence of data science as a topic over the last few decades indicates that it
is not a passing trend. Indeed, an increasing focus on data science by learned
societies (National Academies of Sciences, Engineering, and Medicine, 2018),
the growing number of data science courses and centers (http://msdse.org/
environments) and the proliferation of data scientist job postings indicate that
the data science movement is a powerful force in academia.

In its current form, the term ‘data science’ is easier to define by its
application than by theory. It is widely understood to include a diverse range
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of computational, data-driven approaches to research and business analytics.
In academia, this interdisciplinary space comprises a broad range of
methodologies, including machine learning, social media analysis, spatial
analytics, text analysis and web analytics to name a few.

This book takes an expansive view of this multi-faceted space by focusing
on how increasing research, instruction and job opportunities related to data
science are transforming data instruction and support in the university, with
a particular focus on data science in academic libraries. Our goal is to provide
a variety of perspectives on how libraries can constructively engage with the
opportunities afforded by data science through a sustainable approach that
reflects the evolution of this growing field.

Background: data science in the academy
As previously noted, data science challenges traditional assumptions of
departmental and disciplinary expertise. As a dynamic field of research based
on the study, process and analysis of digital data, data science does not belong
to only one department or discipline. As a result, disagreements exist about
who has the authority to establish curricula and standards in data science.
Compounding this lack of consensus among academic units about the proper
disciplinary home for data science is the sharp increase in student interest in
courses and degree programs focused on data science topics and concerns.
This tension between student demand for increased programming and the
wide variation in institutional responses has led to a variety of approaches to
data science.

Curricular approaches
Given the growing interest for data science instruction, many faculty have
created courses designed to address this demand. Many of these courses are
designed as experiments to test new instruction methodologies and new
curricular approaches. For example, courses such as Duke’s Intro to Data
Science (www2.stat.duke.edu/courses/Spring18/Sta199), The University of
British Columbia’s Statistics 545 (https://stat545.com) and Berkeley’s Data 8:
Foundations of Data Science (https://data.berkeley.edu/education/courses/
data-8) provide course-based approaches for teaching applied data analysis
that leverage the most current data tools and methods. Presented early in the
curriculum, these classes can create a framework for how students
conceptualize data-intensive research. This framework creates opportunities
for data informed research. In Chapter 4, Mine Çetinkaya-Rundel presents a
case of study of one such approach (https://datasciencebox.org) that brings

xx DATA SCIENCE IN THE LIBRARY

Herndon final proof 2 November  04/11/2021  10:44  Page xx



data science into the mainstream statistics curriculum and seeks to influence
students’ perceptions of both statistics and the larger curriculum.

Extra-curricular approaches
Hack-a-thons and bootcamps
The ever-expanding range of new data science courses represents just one
possible way to access the opportunities afforded by data science. Many
faculty and librarians have attempted to supplement data science courses by
sponsoring events such as hack-a-thons and bootcamps designed to promote
data skills outside of the classroom.

The American Statistical Association’s DataFest (ww2.amstat.org/education/
datafest) event is a great example of a long-running data science competition
in the United States that provides training and practical experience for
undergraduates who want to work on an applied data science challenge.
Students in a DataFest competition encounter datasets that professional data
scientists normally encounter in their work. The students apply the tools and
methods of data science to generate insights into data provided by a sponsor
and communicate those insights as part of the event. This extra-curricular
contest not only serves as an introduction to applied data science, but often
helps students conceptualize how their university work prepares them for a
career in this field.

Hack-a-thons (https://mlh.io/seasons/na-2020/events) represent a different
kind of faculty/university sponsored event that provide students with both
extra-curricular instruction and training for data science-related skills in a
format that is often more accessible than traditional data science coursework.
While the format of these competitions varies depending on the event, many
hack-a-thons provide opportunities for teams of students to use their coding
skills to solve applied data challenges.

Community-based approaches
Hack-a-thons and data competitions are not the only forms of extra-curricular
data training. A combination of interest groups, meet-ups and learning
communities have formed to support students and local community members
eager to develop and share research skills in the latest data science languages
and techniques. Examples include R-Ladies, PyLadies and a growing number
of meetups focused on coding languages and data methodologies. These
groups vary considerably in their size, formality and meeting frequency, but
all are designed to support a growing community eager to employ data
science tools and methods in both academic and commercial settings.

INTRODUCTION: THE RISE OF DATA SCIENCE  xxi
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The Carpentries represents one of the larger community-based efforts to
train and certify individuals in a range of software-based and data-based
skills necessary for data science (Wilson, 2016). Designed originally to address
gaps in formal academic training in software programming and
computational research, the program has steadily expanded its audience. The
Carpentries model is particularly notable in that it not only attempts to
provide fundamental data science skills, but also offers an associated
pedagogical framework. Participants can become certified Carpentries
instructors and share their knowledge with the community (Wilson, 2019).

This model, along with a growing body of open training materials, has
helped The Carpentries develop a diverse and enthusiastic audience. With
workshops focused on programming languages, databases and data tools,
The Carpentries make it easier to learn fundamental data science skills.
Indeed, for many research libraries and academic institutions, training
provided through The Carpentries provides a compelling way to offer data
science training without the institutional cost of developing or maintaining a
local data science curriculum.

Data science institutes and centers
Given the interdisciplinary nature of data science, many academic institutions
have created new institutes, centers and programs designed to facilitate data
science research and methodologies outside of traditional departmental
structures (see http://msdse.org/environments). These centers leverage on the
interdisciplinary nature of data science by serving as a home for researchers
that facilitates working on projects across multiple departments and research
frameworks. Many centers focus on experimenting with new collaborations,
curricula and technology. Others have focused on organizing data science
instruction, programming and guest lectures on their campus.

Of the many data science institutes and centers created in the last decade,
the Moore Sloan Data Science Environments (MSDSE) program remains one
of the most well known in the United States. Spanning three campuses and
serving as a focal point for data science interests on each campus, the MSDSE
program represents a compelling experiment to test and document how institu -
tions can create co-operative organizational structures that sustain data science
collaborations among information technology (IT) staff, librarians and
researchers. By uniting these groups around the theme of data science, the
MSDSE program creates partnerships that foster research, training and career
pathways for each campus’ data science community (Data Science
Environments Partnership, 2015).

xxii DATA SCIENCE IN THE LIBRARY
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For librarians, the MSDSE programs and other campus data science centers
present opportunities to re-evaluate library services and spaces through the
lens of data science. Data science‘s emphasis on interdisciplinary
collaboration, data management and computational research can serve as a
catalyst for libraries interested in expanding research-focused digital services
and programming. Chapters 3 and 5 in this book explore how library services
on MSDSE campuses at the University of Washington and UC Berkeley
evolved alongside active data science centers through both direct and indirect
collaborations.

Online training
A thriving number of data science community groups and online data science
courses have emerged in the last decade outside of universities and colleges
in response to demand for data science instruction. These extra-curricular
opportunities complement and extend traditional academic courses.
Unconstrained by the formal rules governing college and university courses,
these online courses can often experiment with new content and forms of
pedagogy more readily than a traditional university course. Furthermore,
they provide flexibility in duration and accessibility in participation that
would be very difficult to achieve in a traditional classroom. Many even offer
some form of certification designed to help participants demonstrate their
mastery of data science topics to their communities.

Online data science courses can supplement traditional college and
university curricula by offering a broad range of courses covering
programming languages, research methods and data tools to a much larger
audience. Further, many online data science courses feature expert instructors
who enhance the quality and desirability of online offerings. In their most
basic form, these online courses may only include a narrated slide deck or a
recorded instruction session. More elaborate online data science courses
provide compelling video, interactive exercises and the ability to engage with
the instructor online. Some online courses take this one step further by securing
university affiliations, such as Coursera‘s collection of massive open online
courses (MOOCs) (www.coursera.org/browse/data-science). Other online data
science training providers, such as Dataquest (www.dataquest.io), LinkedIn
Learning (www.linkedin.com/learning) and Udemy (www.udemy.com), offer
defined learning paths for those seeking to certify a set of skills without a
university affiliation. All these forms of online training contribute to a thriving
collection of data science instruction opportunities that serve a growing
demand for data science skills.

INTRODUCTION: THE RISE OF DATA SCIENCE  xxiii
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Data science in libraries
Given the increasing interest in data science and demand for data-intensive
research support among students and scholars, this book considers how
libraries should react. In many ways, research libraries have employed the
larger university strategy of experimenting with new data services and new
institutional structures designed to address the growth of data-driven research.
While data support in libraries has existed in various forms for decades, this
support has tended to focus on social science data services as well as geographic
information system (GIS) services (Cook, 2001; Kouper et al., 2017; Gold, 2007).

Over the last two decades, with the increased focus on data-intensive
research and e-science in libraries in the 2000s (Friedlander and Adler, 2006;
Soehner, Steeves and Ward, 2010) and on data management and curation
concerns over the past decade (Hudson-Vitale et al., 2017; Johnston, 2017a;
Johnston, 2017b), many research libraries are well positioned to engage in a
range of data science‘s core concerns including open science, reproducible
research and data sharing. Indeed, many libraries currently provide data
science support and instruction in the form of coding support, data
visualization and data analysis (Wrubel, Kerchner and Littman, 2016; Oliver
et al., 2019; Maxwell, Norton and Wu, 2018).

Despite the growing interest in data management, data science and
machine learning, Burton et al. (2018) note in their report, Shifting to Data
Savvy: The Future of Data Science in Libraries, that libraries often face two
challenges in building more expansive data services. First, they need to
marshal the skills necessary to support researchers pursuing new forms of
data-driven research support. Implicit in this step is assessing and identifying
researchers’ immediate needs for data science support. Second, libraries must
then facilitate administrative support for data science efforts. Both steps
require an awareness of the institutional context for data science and a
willingness to advocate for a new role for libraries.

The importance of assessment
As previously mentioned, the needs of data science researchers vary
considerably across institutions. Before initiating a new library program, an
assessment of existing needs, structures and services can help libraries
identify the most likely areas in which data services might be well received
and identify potential partners. While faculty advocates for data science
should be involved in scoping a possible library program, libraries should
also include students – especially graduate students and post-doctoral staff.
As researchers who are still developing their workflows and testing tools,
these groups often employ cutting edge methodologies of data science.

xxiv DATA SCIENCE IN THE LIBRARY
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Marshaling program support for data science
Existing services and staff will strongly influence how a library builds support
for data science. For institutions with established data services, data science
can represent an opportunity to expand the scope of an existing service to
include new areas of support and new partnerships. This new service may
include a deeper focus on instruction and advocacy as the tools and methods
of data science often are not firmly established in the existing curriculum. The
data services maturity model literature suggests that data science presents an
opportunity for libraries to move from a consultative model of data support
to one more engaged in the research workflow (Cox et al., 2017; Kouper et
al., 2017). By cultivating the data curation, management and workflow skills
of staff, libraries have an opportunity to expand services earlier in the research
lifecycle, creating more long-lasting value for their community.

Institutions without existing library data services face an additional set of
questions about how best to marshal staff resources for data science needs.
For these libraries to succeed, they must define the scope of the proposed
services and staff the services appropriately. Some libraries launching data
services may choose to hire a specific position or set of positions that can
target data science needs on campus. Others may leverage on the large
number of data science training opportunities – such as The Carpentries or
other online data science training – to provide opportunities for existing staff
to develop new skills in data science. In Chapter 7, Jeannette Ekstrøm
provides an example of how her library and others in Denmark have seized
the opportunities offered by data science to explore these new training
models. No matter which path an institution chooses, it should remain flexible
in its data science offerings and goals because the nature of data science
services is likely to evolve over time.

Marshaling administrative support for data science
In their work on advocating for data science in libraries, Burton et al. (2018)
contend that support of the library administration is central to successfully
fostering these initiatives and ensuring their success. While this is
undoubtedly true, administrative support for data science initiatives in
libraries faces several potential challenges.

In many institutions, support for both data services and data science tends
to reflect the demand for these services on campus combined with the library
administration’s perceived need for these services (Tenopir et al., 2015;
Tenopir et al., 2019). For many library directors, data science may represent
an uncertain departure from traditional librarian roles and a potential move
into providing services that were previously maintained by campus

INTRODUCTION: THE RISE OF DATA SCIENCE  xxv
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information technology or other academic units. Both library staff and library
leadership may be hesitant to implement new services that are less structured
than traditional library roles.

Another potential challenge for building support among library leadership
for data science is a growing competition with other campus units eager to
provide data science support. Data science as a service is likely to be a space
where a variety of campus units, ranging from information technology to
statistical support units, seek to provide some form of support and training.
Libraries endeavoring to offer services in this competitive space should focus
on the scope of their service and how it complements other campus services.

Despite these challenges, administrative support for data science staff and
services presents a variety of new opportunities for research libraries.
Libraries that can provide support for a range of digital research skills are
well positioned to leverage the established position of the library as a trusted
partner in research. In addition, data science offers libraries an opportunity
to expand their role providing campus instruction. Finally, data science, with
its emphasis on collaborative workflows, curation, metadata and data sharing,
provides an opportunity to capitalize on existing library expertise in data
management and curation. All these opportunities provide a strong rationale
for library administration to support data science.

Structure of the book
This book focuses on the rise of data science and the ways new forms of data-
driven research are transforming academic libraries. Contributors have
chosen to use the term ‘data science’ as a means of quickly summarizing a
variety of new data methodologies and perspectives. While we understand
that data science remains a contested term, we believe that it remains the best
term to convey the complexity and interdisciplinarity in this emerging field.

The book explores the varied approaches that librarians and instructors
outside of libraries have employed in the face of the substantial growth in
both the audience and scope for data-driven research. In order to capture the
diversity of perspectives and approaches, the book is divided into four
thematic sections exploring the context for data science in libraries, the role
of instructional programming, data science service programs and
organizational considerations for data science.

Part 1: Data Science and Research Libraries – Perspectives
The two chapters in Part 1 focus on research library initiatives and responses
to data-driven research, researcher expectations and methodological shifts.
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These chapters also consider the need for expanded training opportunities
for researchers and library staff to address these demands. The wide-ranging
responses to data science across institutions suggest that the breadth of the
field combined with the varying institutional contexts for data services
produce a range of approaches designed to reflect both institutional needs
and opportunities.

In Chapter 1: Sustainability and Success Models for Informal Data Science
Training within Libraries, Elizabeth Wickes explores the rise of data science
in the university and considers the value proposition for library-based data
science support. Wickes contends that libraries play a crucial role in helping
researchers assess the value of including data science approaches in their
teaching and research. Furthermore, Wickes suggests that libraries are not
only well positioned to provide data science training, but also show great
promise in working directly with researchers to improve data workflows and
research reproducibility.

In Chapter 2 on the evolution of data science services at the Fundación Juan
March (FJM), Martinez-Uribe et al. share how the FJM DataLab incorporated
data science methodologies and infrastructure as it evolved from a social
science data service for researchers to a comprehensive data science service
for all. This case study suggests that research libraries should not limit
themselves to only providing public-facing research data services, but should
also consider the new opportunities that data science creates for improving
library workflows, library assessment and public services in general.

Part 2: Data Science Instruction
The chapters in Part 2 consider the intersection of data science principles and
instruction in library sessions as well as a formal data science course. As
mentioned previously, the demand for data science instruction on many
campuses has strongly influenced the design of library services. In Chapter
3: Toward Reproducibility: Academic Libraries and Open Science, Joshua
Quan considers how libraries can use instruction as a means of linking library
staff with students and researchers.

In Chapter 4: Start with Data Science, Mine Çetinkaya-Rundel shares her
experience developing an introductory data science course for students who
may have had little formal statistical training or programming experience.
The chapter illustrates how data science is transforming the curriculum and
suggests that introducing data science methods earlier in the formal academic
curriculum can result in multiple benefits both for students and academic
programs. For libraries considering developing instructional programs
designed to support the data science curriculum, Çetinkaya-Rundel’s chapter
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provides a thoughtful overview of the content and considerations shaping
introductory data science courses at many institutions.

Part 3: Data Science Services
As research libraries establish and expand data science services, they confront
a range of choices based on both existing library and campus data initiatives
and goals. The institutions represented in Part 3 of the book provide two case
studies of libraries with existing data support services that have embraced
the opportunities provided by data science.

In Chapter 5: In Support of Data-Intensive Science at the University of
Washington, Jenny Muilenburg demonstrates how the university developed
data science services through a program of continuous assessment informed
by active engagement with the local campus data science communities. Her
chapter provides suggestions for how libraries can leverage previous
investments in data services staff and infrastructure to build partnerships and
develop new services on campus.

In Chapter 6, Dennis et al., the staff of UCLA‘s Data Science Center, explore
the evolution of data science services at UCLA through the merger of UCLA’s
Social Science Data Archive with library data services. The chapter provides
a thoughtful discussion about the interdisciplinary nature of data science, the
challenges of expanding staffing and key service decisions in meeting
emerging campus needs for data-driven methodologies.

Part 4: Designing and Staffing Data Science
The final part of the book focuses on the choices that libraries face in staffing
and designing data services. While earlier chapters touch on the topic of
staffing for data science, Chapter 7: In-house Training as the First Step to
Becoming a Data Savvy Librarian suggests strategies for developing data
services with a focus on retraining or upskilling existing staff. In this chapter,
Jeannette Ekstrøm considers how librarians can acquire data science skills on
the job. As she notes, librarianship has a long tradition of embracing digital
innovation and an even longer history of describing and documenting
research materials for sharing and publication. She contends that having more
‘data savvy’ librarians requires a willingness for libraries and librarians to
embrace methodologies such as peer learning, directed training and support
for individual research. By implementing these approaches, she suggests that
libraries are well placed to meet the rising needs for data science support.

In the final chapter of the book, Chapter 8: Designing for Data Science:
Planning for Library Data Services, I reflect on the common themes raised by
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the contributors and suggest a set of key elements that all libraries should
consider when planning data science services. While representing varying
library contexts in different countries, the contributors agree that many
aspects of data science services transcend institutional and national
differences. Through sharing our experiences and observations, we hope that
the case studies and strategies presented in this book can inform and support
librarians implementing data science services.
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