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When attempting to incorporate diverse data sets across many disciplines, one experiences challenges 

with data diversity (scaling down, handling increasing attributes, cognitively comprehending 

complexity); data sparsity (filling gaps both spatially and computationally); and data transparency and 

openness (includes issues for bias in machine learning, understating containers and provenance, new 
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policy issues in cloud with data ‘ownership’, and others.  To enhance end-to-end interdisciplinary 

workflows requires technologies and methods to be accessible to researchers from different domains. 

Policies should also be in place for seamless data integration and usage. To support all of the above, 

workforce development and attention to ethics and proper data management issues continues to be 

critical to success. 

 

Question 1 (maximum 400 words) – Data-Intensive Research Question(s) and Challenge(s). Describe 

current or emerging data-intensive/data-driven S&E research challenge(s), providing context in terms of 

recent research activities and standing questions in the field. NSF is particularly interested in cross-

disciplinary challenges that will drive requirements for cross-disciplinary and disciplinary-agnostic data-

related CI. 

When attempting to incorporate diverse data sets across many disciplines, one experiences challenges 

with data diversity (scaling down, handling increasing attributes, cognitively comprehending 

complexity); data sparsity (filling gaps both spatially and computationally); and data transparency and 

openness (includes issues for bias in machine learning, understating containers and provenance, new 

policy issues in cloud with data ‘ownership’, and others. See  “The Science of Data Science,” by Peter Fox 

and James Hendler (https://doi.org/10.1089/big.2014.0011).  A holistic approach would include working 

closely with discipline experts to iterate through possible solutions.  Introducing cognitive science 

approaches that incorporate how people interpret and describe data would enable more complete 

solutions to be developed.  For example, the Deep Carbon Observatory program (deepcarbon.net) 

worked closely with domain experts who gathered and analyzed geochemical, geophysical, and other 

complex data sets, created visualizations using tools such as network analysis, and conveyed those 

results to a broad audience.      In terms of scalability, most research is focused around the constantly 

increasing size of the data, particularly of the number of data points. Other areas that need to be 

explored include creating methods that scale with high dimensional data and scaling down algorithms to 

address small datasets.    Regarding sparse data, creating algorithms to complete datasets 

computationally is one way forward. Some data values may be predicted by training a model on the 

available data to predict the missing values, but this doesn’t work on many real-world datasets. There 

are instances where the dataset is so sparse that any kind of method, unsupervised or supervised, will 

not be able to produce statistically significant results.  There are also cases where the data available for 

training is biased and affects the results in a negative manner.     To enhance end-to-end 

interdisciplinary workflows requires technologies and methods to be accessible to researchers from 

different domains. Policies should also be in place for seamless data integration and usage. An 

important factor in interdisciplinary research is not just using data from different domains to gain 

valuable insights, but also to reuse code for running different algorithms for a new application. The 

authors of the code to either process, analyze or visualize data that is later widely used by researchers 

from other domains, must be given credit for their contributions and must be allowed to publish code, 

notebooks and software packages much like a journal publication.  Attention to this type of workflow 

should be a key component of any data management plan. 
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Question 2 (maximum 600 words) – Data-Oriented CI Needed to Address the Research Question(s) 

and Challenge(s). Considering the end-to-end scientific data-to-discovery (workflow) challenges, 

describe any limitations or absence of existing data-related CI capabilities and services, and/or specific 

technical and capacity advancements needed in data-related and other CI (e.g., advanced computing, 

data services, software infrastructure, applications, networking, cybersecurity) that must be addressed 

to accomplish the research question(s) and challenge(s) identified in Question 1. If possible, please also 

consider the required end-to-end structural, functional and performance characteristics for such CI 

services and capabilities. For instance, how can they respond to high levels of data heterogeneity, data 

integration and interoperability? To what degree can/should they be cross-disciplinary and domain-

agnostic? What is required to promote ease of data discovery, publishing and access and delivery? 

This paragraph is also part of the answer to question 1, however it also covers this topic, and bears 

repeating.  To enhance end-to-end interdisciplinary workflows requires technologies and methods to be 

accessible to researchers from different domains. Policies should also be in place for seamless data 

integration and usage. An important factor in interdisciplinary research is not just using data from 

different domains to gain valuable insights, but also to reuse code for running different algorithms for a 

new application. The authors of the code to either process, analyze or visualize data that is later widely 

used by researchers from other domains, must be given credit for their contributions and must be 

allowed to publish code, notebooks and software packages much like a journal publication.  Attention to 

this type of workflow should be a key component of any data management plan.  Credit and attribution 

are key to the advancement of scientific knowledge, and, as such, should be automated and/or baked 

into the system from the start.    Version control of code continues to be a problem, but automated 

solutions are being developed.  For example, the work done by Benno Lee provides an automated 

method for determining what changed between versions (see Lee, B. (2018). Data set versioning 

through linked data models (Order No. 10843778). Available from Dissertations & Theses @ Rensselaer 

Polytechnic Institute. (2125432286). Retrieved from 

http://libproxy.rpi.edu/login?url=https://search.proquest.com/docview/2125432286?accountid=28525)

.  Wherever possible, reducing the barrier to use of end-to-end systems by automating and making tools 

easy to use and freely available should be the default solution.    NSF should strive to support as many of 

the newer technologies as possible, especially when conducting research into HPC.  For instance, the use 

of containers has gained much traction, particularly as an alternative to virtual machines.  As data sets 

grow in size, the physical limits of even the best computer memories will be exceeded.  Advanced 

computing methods that optimize the use of web services, containers, and other services should be 

pursued.  This does not mean, however, that cloud storage such as Google Drive and Dropbox should 

become the de facto solution.  NSF should strive to conduct research that results in a secure, robust CI 

for accessibility, sharing, and delivery.      Attention to persistent identifiers is another topic that is both 

a research and a CI question.  From the research and policy side, work on FAIR digital objects provides a 

good framework for establishing a robust research environment.  More on FAIR can be found here 

(https://www.go-fair.org/fair-principles/), and FAIR Digital Objects are described here (https://smw-

rda.esc.rzg.mpg.de/index.php?title=FAIR_Digital_Objects).  Organizations such as the Research Data 
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Alliance (RDA at rd-alliance.org, and the Earth Science Information Partners at www.esipfed.org) are at 

the forefront of this research, and NSF should continue to follow their work.  The CI implications of FAIR 

data practices and FAIR Digital Objects will become clearer over time, but both efforts will make 

discovery and access an easier task. 

 

Question 3 (maximum 300 words) – Other considerations. Please discuss any other relevant aspects, 

such as organization, processes, learning and workforce development, access and sustainability, that 

need to be addressed; or any other issues more generally that NSF should consider. 

As mentioned in the response to Question 2, working with other organizations and potentially 

incorporating their outputs could help NSF structure future solicitations in a more targeted fashion.  

Both the Research Data Alliance (RDA at rd-alliance.org, and the Earth Science Information Partners at 

www.esipfed.org) are at the forefront of research and application development on many aspects of data 

sharing (including the use of standards, persistent identifiers, and unique approaches to multi-

disciplinary science questions).  Continued interaction with these groups will benefit NSF in the longer 

term.      Workforce development continues to be a major topic of discussion, especially when research 

is combined with computational and analytic methods.  The success of the Deep Carbon Observatory 

(DCO, deepcarbon.net) was mentioned in Question 1, however one aspect needs to be highlighted here.  

The DCO was designed from the start to be both cross-disciplinary and interdisciplinary.  Geologists, 

biologists, physicists, chemists, oceanographers, data scientists, modelers, computer scientists, and 

many other ‘ists’ worked in teams to understand the complex interactions of Carbon in the Earth.  The 

breakthroughs made over the last decade would not have been possible without the contributions made 

from many different perspectives.  DCO’s organization made excellent use of teams, and the team 

approach is still lacking in some scientific disciplines.  NSF should continue to foster 

team/interdisciplinary approaches, with each contribution being seen as equally important to all others.    

Another aspect to include in the organizational area is clarification of the roles and responsibilities of 

repository managers with respect to open data, privacy, and other legal aspects of data sharing.  In light 

of the changing landscape of open data and privacy (for example, Europe’s General Data Protection 

Regulation; California’s Consumer Privacy Act of 2018, and others), while not all data contains personal 

identifiers, there are still ethical and legal obligations to be met.  Ethical obligations regarding the 

appropriate use and attribution of data sets must be continually emphasized.  Some areas of NSF are 

indeed involved in research where humans are involved, and so policies and infrastructure should be 

reviewed on a regular basis to ensure that no rules are broken.  Repository managers, being on the 

forefront of data requests, should be made aware of all rules changes on a regular basis. 
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