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1 A Pivotal Moment

Our society currently faces the most profound and deeply disruptive public health crisis in modern history. As
communities across the world grapple with the COVID-19 pandemic, scientific advances spanning biochemistry
and epidemiology to manufacturing and data engineering offer hope—and a spectrum of guidance is unfolding in
an effort to respond to monumental shifts in our daily lives. The rising demand for data and the emerging efforts
to responsibly collect, share, and analyze information across traditional boundaries play a vital role in our next
steps.

From facilitating dialogue and decision making, to underscoring the importance of a shared, honest assessment
of where we are in our collective fight against the pandemic, data are now more important than ever. Our
computational capacity and the value that we as a community can generate through data science are fundamentally
crucial to our resilience. As we look to transition from crisis response to longer-term recovery, we have an
unprecedented opportunity to re-imagine a new data-enabled future.

2 Emerging Research: The Challenge of the Unknown

Our landscape has shifted, and our paths forward will require unparalleled levels of creativity, persistence, and
humility as we strengthen connections across sectors and disciplines, translating ideas into action. Although the
data are rarely complete and extracting useful signals from the noise can be elusive, a number of COVID-19
data-enabled research efforts are emerging, including:

Analysis and Modeling

Considerable emphasis on data analysis and modeling has spurred discussion that bridges statistical methods,
machine learning, and artificial intelligence with policy development and risk communication [1, 2, 3, 4]. For
example, N. Alteri et al. have developed several predictors after curating available data, collaborating with
nonprofit organizations and healthcare providers to address medical supply needs for individual hospitals [5]. U.
Seljak et al. have employed robust statistical methods to identify systematic errors and correct mortality rates
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Figure 1: Supporting Public Health. The COVID-19 pandemic surfaces challenges where data science can
enable new insights within a human-centered context. Current efforts, ranging from data analysis and predictive
modeling to risk communication, set the stage for recovery and a new future, reinvigorated with critical questions
and opportunities.

that are integral to further analysis [6], while S. Yadlowsky et al. have modeled the infection prevalence of the
virus [7], with J. Steinhardt and A. Ilyas noting shortcomings of existing tracking measures [8].

Such efforts can help communities visualize the nature of fluid events and iteratively explore reasonable
response strategies when faced with unprecedented scenarios. Notably, as communities across the globe adjust
their behavior against a backdrop of changing policies, guidance, and tactics, we have an opportunity to improve
our assessments about the spread of the virus and to understand how our actions and other factors relate to key
outcomes. Intentional and thoughtful data collection and analysis during recovery, focused on public health
risks and implications—and acknowledging the critical lag between knowledge and informed action—will be of
paramount importance.

Exploration to Aid Medical Therapeutics

As researchers and medical professionals from a variety of disciplines seek to accelerate actionable knowledge,
collaborative frameworks and data exploration efforts are forming. National laboratories and science centers
are searching databases for drug candidates that could be re-purposed for COVID-19 or used to inform clinical
practice, sharing and updating progress more rapidly than traditional publication timeframes [9, 10]. Consortia
aiming to speed dialogue and visualization of SARS-CoV-2 genomes through open online reports [11], as well as
clinical study groups and collaborators working together in new ways, have the potential to shape and improve
diagnostics, vaccine development, and outcomes [12, 13].
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3 Shared Human-Centered Context: The Need To Explore Difficult Questions,
Together

As our collective response to the pandemic evolves, openly updating and sharing code, data, and insights as they
develop is particularly critical for scientific reproducibility and effective coordination. Yet, a tension exists when
evaluating the quality of information and choosing how to provide data, analysis, or tools to others. Noting the
importance of clear, accurate, updated, and actionable information, the State of California coronavirus response
team published a Digital Crisis Standard [14] with principles and framing questions that highlight accessibility,
interoperability, and a focus on user needs and accountability.

Indeed, in the realm of disaster response and recovery, essential questions and unexplored frontiers arise in a
fundamentally human-centered context. Issues stemming from ethics concerns and socioeconomic implications
must be addressed early and often. Existing frameworks, theories, and practices that cut across disciplines are
being put to the test and reconsidered as we face COVID-19, including:

Incorporating Privacy by Design

Adopted by the International Assembly of Privacy Commissioners and Data Protection Authorities nearly a
decade ago, the foundational principles of the Privacy by Design framework [15] build upon views and practices
emphasizing proactive, “by default”, and embedded mechanisms that respect user privacy. With a backdrop of the
General Data Protection Regulation and increasing prevalence of data privacy acts, laws, and norms [16, 17],
emerging work towards privacy-sensitive proximity contact tracing looks to enable data exchange without
compromising civil liberties, to query encrypted data, and to comply with unfolding guidelines for privacy
safeguards [18].

Sharing information that could be relevant for individual or community health outcomes surfaces a number of
deeper questions, where personal sentiment and expectations can vary widely. What information should remain
private, under what circumstances? What might I share in hopes of helping others? Will my privacy preferences
change? Am I empowered to make choices about my privacy and data? The tensions surrounding privacy and
nuances around data sharing, while not new by any means [19, 20], are integral to our COVID-19 response and
recovery.

Addressing Disparities and Inequities

With increased capacity to view data about disease incidence and mortality across demographic information,
analysis showing disproportionate COVID-19 impacts on black communities, Latinx communities, and additional
historically marginalized groups has surfaced [21]. Z. Obermeyer et al. have noted how existing measures
can obscure rather than demonstrate inequality [22]. For example, communities with less access to testing for
SARS-CoV-2 will have fewer diagnosed cases, making the epidemic look less severe. This can lead to disparities
in attention and funding, and distort algorithms meant to help.

Networks of government cohorts have featured data-driven equity visualization tools and are increasingly
convening public discussions focused on inclusion, a sense of belonging, and equity [23]. In order to support
meaningful change, we will need to find ways to support empathy and shared understanding, directing energy
towards measurable improvements. Partnerships to enable data compilation, analysis, and deeper research are
essential, but we will need to leverage our ingenuity holistically and hold ourselves accountable to the bigger
picture. What levers do we have to address systemic issues? Who is missing from the conversation? How might
we support public awareness, engagement, and education, creatively?

Globally, with 265 million people projected to suffer from acute hunger by the end of this year, data-driven
analysis is creating new options to help mitigate the most devastating impacts of COVID-19 in low- and middle-
income countries. For example, applications of machine learning to satellite imagery and mobile phone data are

135



helping identify those individuals most in need of immediate humanitarian aid, and complement conventional
methods that are limited by a lack of reliable and up-to-date data [24, 25].

Mechanisms for Supporting Risk-Based Action

Design through the lens of risk underscores the need to better quantify and qualify threats, vulnerabilities, and
consequences. Throughout the pandemic, the corpus of available information and the assessment of risk are
continuously changing as more is discovered about the virus and how it interacts with our communities. In a
world where the opportunity for technology-driven situational awareness during a crisis is strikingly juxtaposed
with an “infodemic” of extensive misinformation and dis-information [26, 27, 28], we are starving for transparent,
appropriately vetted, and curated information in context.

In the clinical setting, aggregating data to capture patient risk indices could help communities more methodi-
cally assess and navigate difficult situations with new information, but effectively focusing attention and limited
resources towards optimized patient outcomes remains an ongoing, and often overwhelming, challenge [29, 30].
In all too many cases, the pandemic is exacerbating existing vulnerabilities. Any “solutions” or approaches need
to consider the nature of risks and how risk evolves over time.

4 Compound Disasters and Interdependencies

Moreover, as the pandemic extends, the likelihood that additional communities will be impacted by both COVID-
19 and compounded disasters—such as wildfires, hurricanes, earthquakes or tornadoes—is increasingly high. The
U. S. Federal Emergency Management Agency (FEMA) has published guidance to prepare State, Local, Tribal,
and Territorial (SLTT) responders to adapt their response and recovery procedures to this new combination of
threats. The COVID-19 Pandemic Operational Guidance for the 2020 Hurricane Season (May 2020) notes the
need for response and recovery adaptation that includes virtual damage assessments and significant reliance on
the “whole of community” (including the private and non-profit sectors) to maximize their abilities to respond to
simultaneously occurring disasters [31].

While in any given year, national-scale agencies managing emergencies routinely respond to multiple
disasters simultaneously, SLTT responders often respond to one devastation at a time. Local economies strained
by COVID-19 create an inability for communities to truly prepare and protect themselves from all impending
hazards. Communities unable to protect themselves may suffer additional strain and damage that makes recovery
from the compounded disaster even further from reach.

In an effort to proactively acknowledge limitations, the U.S. National Interagency Fire Coordination Center
notes in its May 2020 plans, “In the event of a high disease spread scenario with a high rate of infection, the
associated loss of individuals from service will severely tax the ability to maintain an adequate wildfire response,
even during a moderately active fire season”. The need for adaptation and re-orienting plans in light of COVID-19
extends to all hazards, as the methodologies and tools SLTT decision makers and responders currently use do not
conform to physical distancing guidance and may amplify concerns about responder long-term health.

Moreover, some communities’ plans and capabilities are not robust to damaged infrastructure or limited
internet capacity, rendering strategies for multiple in-depth virtual interactions ineffective at best. Our reflections
and how we navigate these challenges promise to impact our communities long after the virus has run its course.

While the movement to “flatten the curve” offered fairly uniform and straightforward guidance, to shelter in
place and physically distance, the road for recovery and the notion of what a “new normal” looks like is riddled
with additional interdependencies and tensions. These multifaceted challenges are increasingly being addressed
through diverse coalitions, for example, with State-level economic development agencies working alongside
university researchers, healthcare institutions, and volunteers to develop and share data, rapidly register products,
and mitigate risks as guidance and authorizations evolve [32, 33].
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5 Re-imagining Resilience

With such a complex backdrop, it is more critical than ever to consider the roles for computing in social change
[34] along with ethical implications [35, 36, 37, 38, 39] to enable response—responsibly. Data scientists and data
enthusiasts globally have immense potential to light the path towards:

Improved Healthcare Delivery and Accelerated Growth of Immunomics

The pandemic has surfaced severe inadequacies in healthcare systems worldwide. New approaches to healthcare
delivery must incorporate current lessons learned, and context, to address the fundamental needs of local
communities and strive for measurable reductions in racial and economic biases. How might we meet individuals
and communities where they are, culturally and metaphorically? How can we imagine and achieve equitable
health services across numerous barriers that exist today? These framing questions should keep us grounded as
exciting advances in computational immunomics promise to not only mitigate the effects of new viruses, but also
provide novel treatments for autoimmune diseases, cancer, and other conditions.

Reinvigorated Climate Action

The dramatically altered global patterns of transportation and energy use during the pandemic will allow us to
imagine new methods of interacting with each other and our environment. With many international and local
borders closed for non-essential activity, and individual confinement extending, we have an opportunity to revisit
the impacts of both policy and behavior changes on greenhouse gas emissions, our natural resources, and our
clean energy economy [40]. Worldwide, individuals and organizations have a chance to reflect on our choices
and climate commitments. Moreover, the pandemic continues to expose the lack of safe, accessible water in
underserved rural as well as urban areas, raising opportunities to support equitable infrastructure investment and
environmental justice.

New Paradigms of Online Education

Our concept of how we learn and the future of work may be forever changed. Online learning, once viewed
as a less-prestigious option relevant only to a subset of students, is now at least temporarily the norm across
the globe, for students from preschool through doctoral programs and in continuing and executive education.
Ensuring that all students have access to appropriate hardware, software, internet connectivity, and resources
to support distance learning is critical [41, 42, 43]. As remote teaching and learning extends, further research
on the impacts of adopting new technologies—spanning issues from student privacy, safety, and mental health
to the metacognitive aspects of learning, including motivation, resiliency, persistence, and scaffolding, will be
needed. We must also be mindful of demands on instructors; training in new methods and logistical support for
teachers should become a social priority. Experts, institutions, and authorities who are able to do so should share
resources for effective and responsible distance learning widely, following open source models [44].

6 Conclusion

While our community will surely grapple with unanticipated complexities over the next weeks, months, and years,
we have a call-to-action in this moment and a hope for building a more resilient future. The future needs us to
learn from the past and present—to deploy an inherently human-centered approach that connects research with
the realities of crisis management, long-term recovery, and the vulnerabilities of being human. The future needs
us to ask Can we? and Should we? as we learn how to harness the full potential of our collective resources.
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