
Research Center Insights into  
Data Curation Education and Curriculum 

 
 

Matthew S. Mayernik, Lynne Davis, Karon Kelly, Bob Dattore, Gary 
Strand, Steven J. Worley, Mary Marlino 

 
National Center for Atmospheric Research (NCAR), Boulder, CO, USA 
  {mayernik, lynne, kkelly, dattore, strandwg, worley, 

marlino}@ucar.edu 
 
 

Abstract. The need for the data curator role is being recognized in new 
institutional settings as research funding agencies internationally extend data 
archiving mandates to cover more types of research grants. This paper identifies 
categories of skills required for data curator from the perspective of data 
professionals within an atmospheric and Earth system science research center. 
We illustrate how the data curation tasks performed within a research center 
environment range across a spectrum of required skills. We use this spectrum to 
discuss implications for data curation education more broadly. 
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1 Introduction 
 
The title of this workshop asks the question, “Is data curator a new role?” The answer to 
this question depends on the answer to two related questions, “where it is that data 
curators work?” and “what is it that they do?” Data management and curation are clearly 
new topics within library and information science programs, with only a few programs in 
the U.S. offering specializations in data curation or closely related topics such as digital 
curation and data science [20]. However, research centers and data centers have long 
employed individuals with the responsibility to manage, preserve, and curate data sets. 
The World Data Centre (WDC) system, for example, was created in 1957-1958 as part of 
the International Geophysical Year project [15]. The WDC system still exists, and is now 
(since 2008) called the International Council for Science (ICSU) World Data System 
(WDS). Government agencies in the US, such as the National Aeronautics and Space 
Administration (NASA) and the National Oceanic and Atmospheric Administration 
(NOAA), have also long supported data centers dedicated to archiving data collected by 
government funded science missions. In the social sciences, the International Association 



for Social Science Information Service and Technology (IASSIST) was formed in 1974 as 
a professional organization specifically dedicated to advance the practice of archiving 
social science data [13]. 
 
So while “data curator” may be a novel term, the role of data curator – meaning somebody 
specifically with the responsibility to manage and preserve research data – is not new. 
What is new is that the need for the data curator role is being recognized in new 
institutional settings, in particular universities and research libraries, as national research 
funding agencies internationally extend their data archiving mandates to cover more (or 
all) types of research grants. 
 
In this paper, we present insights into the development of data curation educational 
programs that draw from our experience within the National Center for Atmospheric 
Research (NCAR), a federally-funded research center based in Boulder, CO, US. This 
paper derives from the Data Curation Education in Research Centers (DCERC) program, 
which provides data curation internships at NCAR for graduate library and information 
science students. We present the combined perspective of data and library professionals. 
NCAR has provided access to research data sets, both internally created/collected data 
sets and data sets brought in from outside organizations, for the geoscience community for 
decades. Three authors (Dattore, Strand, and Worley) work within NCAR science and 
computing labs, and are actively involved in managing, preserving, and curating widely 
used scientific data collections [7,16]. The other authors (Mayernik, Davis, Kelly, and 
Marlino) work within the NCAR library and information units, and have contributed to 
multiple data curation initiatives, both within and external to NCAR [2,12].  
 
2 Data curation training – why, who, and how? 
 
Data professionals go by many titles. Swan and Brown define three specific roles that 
have fine distinctions, data scientist, data manager, and data librarian, but note that these 
roles might be blurred together in particular situations [18]. Other related jobs might have 
different titles more appropriate to particular roles, such as data engineer, data specialist, 
or data curator. In this paper, we use the term “data professional” to encompass the range 
of possible roles and responsibilities that these diverse titles imply [21]. 
 
Whatever the job title, individuals currently working as data professionals typically reach 
their positions through “accidental” career choices [14]. This brings a variety of skills and 
backgrounds to data management tasks, which, as we discuss later, is beneficial in the 
heterogeneous world of research data. Scaling up the pool of data professionals, however, 
is a challenge when there are few effective ways to prepare for these roles in traditional 
educational programs [8]. Most often, through practical experience managing and working 
with data, individuals develop skills and expertise, become sought out by collaborators for 
guidance, and gain responsibility, either formally or de facto, for data-related tasks [17]. 



For example, within research libraries, the most common tactic for offering research data 
services is to reassign existing library staff, not to hire new staff [19].  
 
Data curation educational programs are opening up more direct career paths for 
individuals to become part of data professional communities. Although still small in size 
and number, data curation programs are being developed at a number of universities in the 
US and around the world. Recent reviews and analyses of curricula and programs indicate 
that most data curation education courses and programs are embedded in traditional 
library and information science (LIS) graduate programs, generally not available to non-
LIS students or professionals [8]. The data curation search tool developed by the 
University of Illinois reveals nearly 500 courses at 55 institutions with LIS programs [20]. 
However, upon further investigation, it appears that only 19% of these courses were 
deemed to be either exclusively data-centric or data-inclusive, with some portions related 
to data in e-science and e-research. The larger percentage was on digital topics that were 
not explicitly focused on research data. And there are even fewer programs targeting data 
science, informatics and data management for science students [21]. As this range of 
course curricula suggests, data curation tasks are very wide ranging in scope, and require 
multifaceted educational programs [11]. In addition, there is growing recognition that data 
curation is not a single disciplinary practice [9]. 
 
From these overviews of education programs and our own experience, the following 
trends and issues are apparent:  
 

• Professional development opportunities for practicing professionals in libraries 
and research centers are essential to rapidly growing a cadre of data professionals 
to meet current demands  

• There is recent growth in data curation certificate programs for both LIS and 
non-LIS students and professionals in the sciences that will serve an important 
role in academic preparation and professional development 

• Current data professionals are needed to engage in the educational enterprise, 
either in formal programs or as mentors in internship programs  

• There is need for internships and other opportunities in data curation that occur 
outside academic certification and are aimed at students and professionals alike 

• Several opportunities for student internships and professional development for 
practicing professionals have been funded by the Institute of Museum and 
Library Services, a US federal funding agency, or as “broader impacts” of large 
NSF funded projects, such as GEON, NEON, and DataNet (Data Conservancy 
and DataONE). The challenge remains to institutionalize these educational 
opportunities after grant funding ends. 

• Models that include students and professionals across disciplines will better 
prepare practitioners to meet the needs of data-intensive research than models 
that are tightly coupled to any single discipline. 



 
Preparing professionals for data curation positions depends on a clear understanding of 
potential employers’ needs and the challenges in stewarding data coupled with 
opportunities for aspiring or practicing professionals to experience those challenges first-
hand. Building problem solving capacity through curriculum must be met with the 
acquisition of skills for practical settings [1]. 
 
3 Data Curation within NCAR 
 
NCAR is a National Science Foundation (NSF) Federally Funded Research and 
Development Center (FFRDC) dedicated to studying the atmospheric and related Earth 
system sciences. NCAR and its management organization, the University Corporation for 
Atmospheric Research (UCAR), support scientific research, and provide facilities to 
support research conducted by the atmospheric and related sciences’ university 
community. These facilities include supercomputers, observational platforms such as 
radars and aircraft, weather and climate models, and collections of research data. The 
NCAR data collections range from small scale observational data sets from field programs 
to high volume reference data sets of both observational and model-produced data.  
 
To address the need to provide LIS students with practical experiences with research data, 
we developed the Data Curation Education in Research Centers (DCERC) program. 
DCERC provides a model for educating LIS Master’s and doctoral students in data 
curation through core data curation coursework and field experiences in research and data 
centers [10]. DCERC is an IMLS funded program to provide library and information 
science students with internship experiences in a research center environment. DCERC 
partners include the University of Illinois at Urbana-Champaign Graduate School of 
Library and Information Science and the University of Tennessee-Knoxville School of 
Information Sciences. 
 
The focus of the DCERC student internships is to provide students with strong mentoring 
and first hand experiences in the issues, methods, and challenges of scientific data 
curation in scientific research contexts. During the summers of 2012 and 2013, DCERC 
supported five Master’s students in internships at NCAR. DCERC will also support two 
Ph.D. students to conduct doctoral research on data curation topics at NCAR during the 
2013-2014 academic year. 
 
DCERC is built around a strong, formal mentoring structure. The DCERC internships 
utilized a mentorship model that includes scientists and data mentors, as well as a “peer” 
young investigator mentor and an institutional “community” mentor. The science mentor 
guides student research practice; the data mentor guides student development of data 
curation skills and knowledge; and the peer mentor, a Ph.D. information scientist provides 
general support to students as their projects progress. Within this academic and mentoring 



structure, students receive intensive formal and practice-based instruction uniquely 
blended with real world experiences in a world-renowned research center.  
 
The following discussion identifies categories of skills required for data curation, and how 
those skills might be emphasized in data curation education. Our discussion draws on the 
extensive experiences of the paper’s authors who work as data managers within NCAR, 
and is supplemented by our DCERC experiences to date [10]. The three authors who are 
NCAR data managers together have 30+ years of experience in managing and archiving 
data, and have all served as data mentors for DCERC students. The skill categorization 
and mapping described below were identified via intensive discussions between the data 
managers and the paper authors who are based in the NCAR Library.  
 
4 Data curation skill categories and relations 
 
It is essential for data professionals to have interdisciplinary skills. As Kim, Addom, and 
Stanton note, the need for interdisciplinary skills derives from the fact that data 
professionals work with people, data, and physical machines/objects (such as servers, 
databases, and communication networks) [9].  
 
We break the types of skills that data professionals use down into three categories: skills 
based in science domain knowledge, engineering skills, and data management skills.  
 

• Science domain knowledge – Data professionals must be able to interact with 
data providers and users from particular science domains. Understanding how 
domain scientists create, analyze, and present data is extremely valuable in 
developing data repository services to meet the needs of individual communities. 

• Engineering skills – Data repository systems and tools are complex engineering 
artifacts. Building new repository tools clearly requires the ability to design and 
implement systems, but providing repository services also requires the ability to 
manipulate data files, convert data between data formats, and write scripts to 
automate routine tasks.  

• Data management skills - In addition to scientific and engineering knowledge, 
data professionals need skill and expertise that is specific to the process of 
working with, managing, and preserving data.  

 
Table 1 provides a breakdown of how particular data curation tasks map to these three 
categories from the perspective of data managers at NCAR data archives. This task list is 
not exhaustive, and each item in the list, such as preservation, encompasses many sub-
tasks. Some tasks largely leverage skills from a single category, such as metadata tasks or 
database design. Other tasks, however, cross categories. Performing data quality control, 
for example, involves using engineering skills to create and apply automated quality 
control processes and science domain knowledge to evaluate the results. 



Table 1. Data curation tasks and required skills 

Tasks 
Science domain 
knowledge 

Engineering 
skills 

Data Management 
skills 

Preservation      X 
Metadata creation  X    X 
Quality control  X  X   
Formats  X  X  X 
Data conversions  X  X   
Access  X  X   
Ontologies/vocabularies  X    X 
Interface design  X  X   
User community interaction  X    X 
Database design    X   

 
 
 

Fig. 1. Data curation education skill spectrum  

 



Figure 1 illustrates how the overlaps and relationships between tasks and skills from Table 
1 can be conceptualized as a spectrum. Each task is placed on the spectrum in accordance 
with its relationship to science domain knowledge, engineering skills, and data 
management skills. In addition, the colored bands illustrate how higher level concepts or 
services span across categories. For example, user services within data repositories 
typically involve both direct client consultations and community interaction in larger 
settings such as conferences and meetings, and are used to inform the design of user 
interfaces. Similarly, developing access mechanisms primarily involves engineering skills, 
but also leverages science domain knowledge of the tools and formats appropriate to the 
user base, as well as data management skills related to metadata and the use of standards. 
 
From Figure 1, additional themes can be developed that relate to the role of data curators 
in research center environments. These are: 1) the unique perspective that the data 
curators have via the data life cycle model, 2) the critical knowledge of metadata that data 
curators possess and use, and 3) how data professionals act as “data concierges” to 
translate and transfer knowledge, skills, and resources across multiple communities. 
 
Holistic/Life cycle approach to data management and curation 
 
Data professionals bring a unique perspective that views the curation process as an 
integrated whole. Technology is critical to the process, but alone is not sufficient to enable 
long-term usability of data sets. Various data life cycle models have been developed to tie 
together the processes involved in collecting/creating, using, managing, presenting, and 
preserving data (see [3] for example). Mentors for DCERC students emphasize the ways 
that the students’ data life cycle perspective allowed them to come to the NCAR research 
center environments with a holistic perspective on the data curation process. Data 
professionals with science or engineering backgrounds gain this more holistic view 
through experience in dealing with the interrelations between metadata, preservation 
mechanisms, access tools, etc.  
 
Metadata, ontologies/vocabularies, and standards 
 
Having an understanding of the processes and principles specific to metadata generation, 
standardization, and use is a critical and unique skill for data curation specialists. Students 
in science programs are typically not introduced to metadata during formal courses, and 
may only tangentially encounter metadata best practices during their graduate research 
[6]. Metadata is central to information and data systems, and as such is consistently 
present in library and information science educational programs. Similarly, the 
development and use of standard ontologies and vocabularies for describing and 
categorizing information resources is a skill set unique to information and data 
professionals. The quality of all data management systems closely relates to the richness 
of the standardized metadata employed. 
 



 “Data concierge” 
 
Data professionals are looked to as experts. They are asked about best practices, about 
available tools, services, and capabilities. They are regularly required to move between 
different groups/audiences in order to provide guidance, seek resources, and argue for the 
value of data services within an organization. Fenstermacher, in a description of a new 
“data concierge” position developed within a biomedical research organization, provides a 
concise description of this role, “the Data Concierge is a key link between the researchers, 
the governing committees, the regulatory processes, data quality, data standards, and IT" 
[4]. Within NCAR, data professionals provide guidance to data providers on the available 
data storage and management tools and capabilities, as well as on best practices for 
metadata descriptions. Keeping up with technological change is also a key role of data 
professionals, as storage devices, computational tools, and formats are constantly 
evolving. NCAR data professionals also provide expertise to data users on the 
appropriateness of data sets for particular uses, and on which data access mechanisms are 
available for a given repository or data set. These kinds of user interactions draw heavily 
on science domain knowledge, as noted in Figure1. Notably, the importance of user 
interaction corresponds to the role of librarians in providing reference services to help 
patrons discover, find, and acquire materials in brick-and-mortar libraries [5].  
 
5 Conclusion 
 
The spectrum of data curation skills and tasks presented in this paper has a number of 
implications for the education of data professionals. Students who develop combinations 
of skills centered in one sector vs. another will likely be positioned to pursue different 
career tracks. The various job titles that data professionals have, such as data librarian, 
data engineer, and data manager, point to individuals who specialize in specific sectors of 
the skill spectrum. On the surface, this potential for specialization within the data curation 
space runs counter to our discussion of the value of taking the holistic life cycle view of 
data curation, but taking the life cycle perspective does not require all data curators to 
master every skill. In reality, with the complexity of current digital archiving 
infrastructures, we cannot expect one person to be expert in all key areas of data curation. 
The best curation systems, namely the ones that support rapid scientific progress, need 
multiple people working as a whole, who together have expert knowledge in all key areas. 
 
From the data curation education perspective, data curation programs might benefit from 
organizing their curriculum based on where they would like to fit within the data curation 
skill spectrum. Educational programs might also use this spectrum to make it clear to their 
students and the prospective employers of their students where they fit into the larger set 
of curation activities. Similarly, organizations hiring data professionals will likely place 
different emphases on this continuum of skills based on their institution type, and based 
on the organizational structure of their data curation services. For example, while many 



university libraries are developing research data services, they typically partner with other 
campus units, such as computing units, to develop archiving services. University libraries 
currently developing data-related services typically focus on informational/ consultative 
services [19]. These services would likely be best provided by people with skills that 
center in the domain knowledge and data management skill sectors of the skill spectrum. 
In contrast, data repositories in research centers that provide operational data archiving 
services need well rounded staffs that include expertise in all areas of the skill spectrum.  
 
Our experience and analysis also illustrates the critical importance of domain knowledge 
within the data curation process within research centers. As Table 1 shows, scientific 
domain knowledge is essential to performing many data curation tasks. LIS students bring 
a data life cycle model perspective to data repositories. This perspective is valuable to 
data managers, and enables the students to gain more benefit from their internship 
experiences. The life cycle-focused collaboration strengthens the students’ practical 
understanding of how real data curation situations follow or deviate from the life cycle 
concept, and gives the mentors a defined framework to discuss and analyze their work. 
 
Finally, we note that, as with many things in the digital world, data curation is rapidly 
evolving. Educational programs that train data professionals must strategically plan for the 
future. Sustainability of data curation education/training programs is an ongoing 
challenge. Our DCERC mentorship model, for example, while critical to the success of 
our program, is intensive and may not scale well were the number of students involved to 
increase dramatically. With many such programs being funded initially by research grants, 
institutionalizing and sustaining programs beyond the life of the original grant requires 
clear illustrations of the benefit of bringing data curators into traditional LIS work 
settings, and bringing LIS professionals into more specialized data archiving 
environments. Further development of the model depicted in Figure 1 can inform the 
library and information science educational community’s understanding of the “data 
curator” role, and the skills it might emphasize in particular settings. 
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