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Next Frontier of the Data Revolution at the Confluence of Social Science, Humanities and Life Sciences 

 

Abstract 

The data revolution has brought new discoveries and advancements throughout science, technology, 

engineering, mathematics, business, and medicine/health sciences. While many opportunities abound in 

these disciplines, the next frontier for the data revolution will be in the social sciences and humanities, 

which are nascent in adopting and applying data methods. New knowledge lies untapped at the 
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confluence of these disciplines with the life sciences and other domains. The proliferation of multi-scale 

data and associated methods offers a real and long sought promise to holistically understand the cross-

cutting interactions involved in fundamental questions facing society. These exciting advances are 

exemplified in the emerging transdisciplinary fields of computational social science and the digital 

humanities, However, fulfilling the promise of exciting trends will require new cyberinfrastructure, data 

methods and research norms to analyze and understand the system-of-systems interactions that 

underpin many of these questions, such as the causes and consequences of poverty, the long-term 

implications of mis/disinformation in a fully-connected world, and the impact of insecurity in water and 

food supply on society. 

 

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. 

The prevailing approach in problem solving has been divide and study to handle the complexity and 

scale of many fundamental questions. Yet, narrow interpretation of the notion of study as conquer has 

led to scientific silos within which questions have mostly been answered in isolation, i.e., as an isolated 

system. However, as deeper, contextual data becomes available, it is increasingly clear that these 

fundamental questions interact, whether in natural sciences, social science, life sciences, or 

humanities—i.e., they involve a system-of-systems.     The ability to consider multiple systems and 

interactions has long been the holy grail of discovery. The following three examples illustrate the 

promise of interacting systems: (1) What causes poverty? (2) Pandemics? (3) War?     The answers to 

these fundamental questions involve a system-of-systems; e.g., poverty may be related to food and 

water security, climate and agriculture, education, conflict, demographics, etc. Similarly, these 

dimensions influence the spread of disease and war. Specific knowledge and data of each dimension 

exists within separate disciplines, and should be brought together. Integrating knowledge across 

domains will allow for new policy-relevant evidence and programs to better forecast and intervene to 

avoid not only human suffering caused by market failures, but potentially related crises such as social 

upheaval.     Big Data and emergence of data science permit addressing complex and expansive 

questions, by collecting, processing, and analyzing structured and unstructured data at unprecedented 

scales from many sources. With these methods, old understandings may be overturned, new discoveries 

created, and knowledge amplified.     Despite managing complexity and scale of questions, artificially 

built communication barriers have blocked interdisciplinarity in answering many questions of great 

significance. Biomedicine, health sciences, engineering, physics, and other STEM-oriented disciplines 

have been at the forefront of overcoming these barriers and understanding complex interactions among 

systems through transdisciplinarity. This was facilitated by common background and use of analysis 

tools and readiness of adopting new computer and computational technology advances.     Social 

sciences and humanities have long-standing questions where data science may offer new insights 

through system-of-systems interactions. In these disciplines, adopting cross-disciplinary data sharing 
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and analysis methods has been a greater challenge due to differences in knowledge bases and research 

norms. Data science methods offer opportunity to leverage cross-disciplinary knowledge through data. 

These advancements require the development of computational thinking and new communication and 

collaboration infrastructure that empower social scientists and humanists to collectively analyze and 

formulate new perspectives on social theories using large scale data sets. 

 

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? 

There exists a significant opportunity to harness data methods in order to expand knowledge and 

understanding at the intersection of the social sciences and humanities, and life sciences. In these 

disciplinary areas, there is dramatic variation in the capability, adoption, and sophistication of data 

usage and associated methods. Even within a single disciplinary area, especially ones nascent in 

adopting data analysis methods, there is lack of coordination, sharing, and standards for use.    

Knowledge is embodied in disconnected data collections spanning everything from a single researcher’s 

small data pool, to data ponds, data lakes, and even data oceans. This is despite the presence of 

successful large repositories such as OSF Data, Dataverse, ACLED (The Armed Conflict Location & Event 

Data), and Tycho (Epidemiological Data). That is, simply mandating a repository is not a solution. On the 

contrary, we have the opposite effect today—a fracturing and fragmentation among repositories and no 

easy methods to interoperate them. The issue is not only a lack of standards and ontologies. 

Discoverability, awareness, visibility, and use worsens when crossing disciplinary areas because of 

varying norms and cultures of (sub)disciplines, compounded by the differences in computing 

sophistication among specific areas.    In general, knowledge through data is difficult to leverage even 

within a single discipline, much less across disciplines. The promise of data methods in making new 

discoveries and driving understanding of complex interacting phenomena should not be lost. It is, 

therefore, imperative to develop a cyberinfrastructure that amplifies the ability of researchers from 

many and diverse disciplines in discovering, reusing, and leveraging cross-disciplinary knowledge 

embodied in their data. This includes discovery and reuse that spans disciplines by finding useful data, 

representations, workflows, methods, etc. from one discipline that can be leveraged and integrated by 

another discipline.    If Data Science evolves over the next several decades on its current path, largely 

disconnected from social science and the humanities, the infrastructure necessary to bridge these gaps 

will grow. The time is ripe to accelerate the momentum from computational social science and the 
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digital humanities to connect the innovative cyberinfrastructure from Data Science, to the complex 

challenges of the social world. 

 

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. 

Current research norms and cultures of different disciplinary communities curtail collaboration. 

Discrepancies exist in the sophistication of data methods, sharing, and reuse in various disciplines, and 

there is a lack of understanding of what analysis methods to use for which data. Promoting confidence 

in using data and knowledge drawn from unfamiliar sources and disciplines is crucial for informing 

collaboration and using each other’s methods and results.    Related to confidence and trust in the 

results, special attention should be given in the synergy between human and machine intelligence 

rather than fully autonomous data science discovery. Greater emphasis should be in the development of 

scientist-in-the-loop data science methods in which scientists drive the analysis and discovery, and 

which amplify the data scientist’s understanding. At the same time, automated methods need to be 

capable of explaining the derivation of the results while being aware that an analyst-scientist may not 

even be a data scientist! E.g., a historian using deep learning and natural language processing to analyze 

medieval manuscripts. 
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