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Abstract

The ability of research networks and individual institutions to effectively and efficiently prepare,
respond, and adapt to emergent challenges is essential for the biomedical research enterprise.
At the beginning of 2021, a special Working Group was formed by individuals in the Clinical
and Translational Science Award (CTSA) consortium and approved by the CTSA Steering
Committee to explore “Adaptive Capacity and Preparedness (AC&P) of CTSA Hubs.” The
AC&P Working Group took a pragmatic Environmental Scan (E-Scan) approach of utilizing
the diverse data that had been collected through existing mechanisms. The Local Adaptive
Capacity framework was adapted to illustrate the interconnectedness of CTSA programs
and services, while exposing how the demands of the pandemic forced them to quickly pivot
and adapt. This paper presents a synopsis of the themes and lessons learned that emerged from
individual sections of the E-Scan. Lessons learned from this study may improve our under-
standing of adaptive capacity and preparedness at different levels, as well as help strengthen
the core service models, strategies, and foster innovation in clinical and translational science
research.

Introduction

The Environmental Context of CTSA Hubs

The Clinical and Translational Science Award (CTSA) Program, funded by the National Center
for Advancing Translational Sciences (NCATS), has been a flagship of the translational enter-
prise with the mission to speed the translation of research discoveries into improved patient
care. Each institution that receives a CTSA is referred to as a “hub” that not only serves as
the center of integrated research and training for clinical and translational science (CTS) in their
local environments, but also coordinates and collaborates with multiple partner institutions
(“spokes”) such as affiliated hospitals, clinics, and community organizations (see Fig. 1).

In the light of the explosive spread of the COVID-19 pandemic, the importance of leveraging
this consortium of CTS organizations to respond to the health emergencies has become increas-
ingly evident. The ability of the network and individual institutions to effectively and efficiently
prepare, respond, and adapt to the emergent challenges is also positioned at the forefront of
translational science and scientists. The pandemic has provoked changes to the direction
and scope of programs conducted and services provided by the CTSAs, including CTS research,
critical research support services, and workforce development. One of the roles of translational
science is to document the lessons learned and disseminate “practices that work” from different
settings [1, 2], especially during these unprecedented times. The CTSA Program consortium has
a history of investigating opportunities that build capacity for best practices as a crisis evolves
[3], and the COVID-19 crisis provides a unique opportunity to learn about adaptive capacities
and strategies implemented by the CTSA hubs to address research needs and continue to impact
the translational research enterprise (e.g., emerging community engagement and digital health
opportunities, adaptive trial platform, remote/decentralized research, eConsent solutions, etc.).

Since the onset of the pandemic, NCATS and the University of Rochester Center for Leading
Innovation and Collaboration (CLIC) have launched several efforts to understand the impact of
COVID-19 on program hubs. CLIC created a Discussion Forum collaborative space with a
Coronavirus Disease 2019 landing page and a COVID-19 tag to assist researchers and trainees
in finding pandemic-related resources in the Educational Clearinghouse. In April of 2020, CLIC
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administered a survey for KL2 scholars and TL1 trainees to under-
stand the immediate impact of the COVID-19 pandemic on train-
ing and career development, and in October 2020, a CTSA hub
survey on COVID-19 experiences was sent out as part of a collabo-
ration between the CTSA Program Steering Committee and the
Journal of Clinical and Translational Science [4].

In September 2020, CLIC hosted the “Virtual Un-Meeting:
Clinical Research in the COVID-era and Beyond,”with discussions
around the pandemic-driven changes in clinical and translational
research, trial design opportunities, training, remote trials, the
impact on recruitment, and the role of CTSA Program in clinical
research during pandemics. The event participants voted for
“Adaptive Strategies and Preparedness of Clinical and
Translational Research” as one of the five key topic areas for dis-
cussion and future investigation. Some of the interesting points
discussed in the Un-Meeting’s breakout rooms included such con-
cepts as “elasticity,” “plasticity,” and “resilience” of CTS research
institutions.

“Adaptive Capacity and Preparedness (AC&P) of CTSA Hubs”
Working Group: Purposes, Uses, and Engagement

The abovementioned efforts brought to light some aspects of
COVID-19’s impact on CTSA program hubs as it relates to their
ability to rapidly respond to the pandemic but did not address the
overall adaptiveness and preparedness of hubs to respond to a
future crisis. Thus, at the beginning of 2021, a special Working
Group (WG) was approved by the CTSA Steering Committee to
explore “Adaptive Capacity and Preparedness (AC&P) of CTSA
Hubs.” The AC&P WG participants represented multiple CTSA
hubs, translational research and operations areas, and scientific
disciplines (such as leadership, administration, workforce training,
monitoring and evaluation, continuous improvement, research
operations, and informatics). Broader stakeholder engagement
was ensured by the inclusion of NCATS, the CTSA Steering
Committee, and community organization representatives. The
group also utilized the expertise and collaborations of relevant net-
works, such as the CTSA Steering Committee and relevant
Working Groups and Forums, the Association for Clinical and
Translational Science Special Interest Groups, and the American

Evaluation Association Translational Research Evaluation
Topical Interest Group, to explore and share both challenges in
and strategies for building adaptive capacity and preparedness
of CTSAs.

The AC&P Working Group took a pragmatic approach of uti-
lizing the data that had been—or was planned to be—collected
through existing mechanisms, aligning with and contributing to
the goals and processes of the NCATS’ evolving process to docu-
ment and disseminate how the CTSA Program prepares for and
responds to a public health crisis. The overall purpose of the
WG was not to evaluate, test, generalize, quantify, or validate
any hypotheses, approaches, or interventions, but rather to iden-
tify, curate, analyze, and share diverse challenges, strategies, prac-
tices, and ideas for building adaptive capacity and preparedness of
CTSAs across the goals outlined byNCATS for the CTSA program,
its scientific sectors, and the translational research spectrum.

The instrumental and conceptual uses of the Working Group
products are interlinked to include: (1) mitigating the impact of
the COVID-19 crisis by adjusting programs, practices, and proc-
esses; (2) planning capacity building for “emergency ready and
responsive” research and training; (3) optimizing strategic man-
agement, evaluation, and accountability of CTS programs; and
(4) advancing translational science grounded in high-quality learn-
ing and improvement.

Adaptive Capacity and Related Concepts

In general terms, we understand and define “adaptive capacity” as
the capacity of systems, institutions, humans, and other entities to
adjust to potential damage, to take advantage of opportunities, or
to respond to consequences (adapted from IPCC, 2014) [5].
A related concept that is key to enhancing adaptive capacity is
“resilience,” i.e., “the capacity of social, economic, and environ-
mental systems to cope with a hazardous event or trend or disturb-
ance, responding or reorganizing in ways that maintain their
essential function, identity, and structure, while also maintaining
the capacity for adaptation, learning, and transformation” [6].
Adaptive capacity is inextricably linked to our capability to act
collectively, which is largely affected by trust, social capital, and
organization [6]. Folke et al. [7]. emphasize that:

Fig. 1. NCATS CTSA Program: national network of medical research institutions (star) and partners (•).
Source: Kurilla, M. Clinical Science and COVID-19. Lecture presented at: MEDI 502 - Translational Science in the COVID-19 Pandemic - Accelerating and Enhancing our Response
across Preclinical, Clinical and Population Health Research, 2021 Fall Term II, NCATS.
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“Systems with high adaptive capacity are able to re-configure themselves
without significant declines in crucial functions in relation to primary pro-
ductivity, : : : social relations and economic prosperity. A consequence of a
loss of resilience, and therefore of adaptive capacity, is loss of opportunity,
constrained options during periods of re-organization and renewal, an
inability of the system to do different things.”

Building adaptive capacity is paramount in the context of
emerging diseases, public health threats, and other environmental,
physical, social, and political conditions; it is a prerequisite for sus-
tainable program implementation and both effective and efficient
adaptations depending on future circumstances. Johnson et al. [8]
suggest that to successfully build adaptive capacity, it is necessary
to examine human behavior theories, models, and lessons learned
for better understanding stakeholder capabilities, perceptions, and
preparedness for meaningful engagement and action. One of such
approaches, Appreciative Inquiry, has been tacitly incorporated
into the AC&P WG planning, data collection and analysis, inter-
pretation, and dissemination efforts. Appreciative Inquiry is an
approach seeking to improve performance and conditions by
focusing on strengths rather than on weaknesses, which is rather
different from many organizational change, continuous improve-
ment, and evaluation approaches that focus on deficits and prob-
lems [9]. Cooperrider & Whitney [10] share the view that,
“Appreciative Inquiry is about the coevolutionary search for the
best in people, their organizations, and the relevant world around
them. Appreciative Inquiry involves, in a central way, the art and
practice of asking questions that strengthen a system’s capacity to
apprehend, anticipate, and heighten positive potential.”
Accordingly, Preskill & Catsambas [11] make the point that
Appreciative Inquiry is “ : : : a group process that inquires into,
identifies and further develops the best of ‘what is’ in organizations
in order to create a better future. : : : It is a means for addressing
issues, challenges, changes and concerns of an organization in ways
that build on the successful, effective and energizing experiences of
its members.” Such strength-based, yet constructively critical, and
forward-looking spirit and principles have grounded the AC&P
WG’s approach—an Environmental Scan of challenges, issues,
and practices in CTSA hubs’ preparedness and adaptation.

Methods

The Environmental Scan (E-Scan) Approach

The Working Group approach was implicitly designed as an
Environmental Scan (E-Scan), a methodological approach that
can be described as a systematic process of searching, collecting, ana-
lyzing, and using relevant and credible information from internal
and external sources (environments) on their assets, processes,
achievements, and shortcomings to inform strategic planning and
decision making [12–14]. The AC&P E-Scan incorporated diverse
data sources andmethods as part of searching for COVID-19, emer-
gency preparedness, response, and adaptation titles and content:

❖ Scientific publications and white papers on CTSA AC&P-
related activities

❖ A mix of CTSA hubs’ websites: public stories, news, highlights,
measures, etc.

❖ NCATS, Center for Leading Innovation & Collaboration
(CLIC), and other clinical and translational science organiza-
tions’ websites

❖ Select CTSA hub Research Performance Progress Reports’
(RPPRs) de-identified information and COVID-19 reports

featuring relevant highlights, accomplishments, challenges,
metrics, etc.

❖ JCTS COVID-19 Special Edition Survey’s select questions and
responses related to AC&P

❖ Experiences, perceptions, and expert opinions of the E-Scan
implementers, reviewers, and stakeholders, and

❖ Other Adaptive Capacity & Preparedness publications and
resources (See Appendix A for more details).

E-Scan Structure/Framework

The E-Scan’s exploration and consideration of adaptive capacity
and preparedness (see Fig. 2) was guided by the Local Adaptive
Capacity Framework [15] and structured around the following
CTSA Program goals:

❖ Train and cultivate the translational science workforce;
❖ Engage patients and communities in every phase of the trans-

lational process;
❖ Promote the integration of special and underserved populations

in translational research;
❖ Innovate processes to increase the quality and efficiency of

translational research; and
❖ Advance the use of cutting-edge informatics.

TheWG decided that it was important to also consider an addi-
tional category of “Provide leadership and administration to
advance translational science.” This category is not one of the offi-
cial CTSA goals, and it is not immediately apparent within those
program goals. However, this category is a key requirement and
condition for implementing and achieving all CTSA goals.
Indeed, the key focus of adaptive capacity, according to Parsons
et al. [16], is “ : : : on the potential for the facilitation of adaptation
by governance, institutional, management and social arrange-
ments and processes.”

Based on the available expertise and interest, six dedicated
“Working Group subgroups” were formed to pursue an E-Scan
within each of the above goals and areas. In our search and analysis

Fig. 2. Local adaptive capacity of CTSA hubs.
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of the evidence (“adaptive capacity and preparedness” lessons
learned, practices that work, case studies, and recommendations
relevant to the goals), we followed a combination of approaches
and frameworks. Our evolving conceptual framework for AC&P
drew on insights from across different disciplines and scientific
perspectives. After thorough consideration of existing adaptive
capacity frameworks, we decided to adapt a Local Adaptive
Capacity (LAC) framework developed by Jones et al. [15]
Informed by extensive consultations with academics, policy-
makers, and practitioners, the LAC framework integrates
resource-based, intangible, and dynamic dimensions of adaptive
capacity; it is useful for understanding and assessing adaptive
capacity at the local level (and, perhaps, beyond), monitoring
progress, identifying needs, and coordinating resources to opti-
mize preparedness and adaptation. LAC underpinnings and com-
ponents are grounded in social science, systems thinking, and
organizational theory; it is flexible and open to adaptations, based
on organizational changes. Even though the LAC framework has
been mostly utilized in the climate change arena, it pragmatically
fits many other scientific and practitioner settings, including CTSA
hubs (see Fig. 2).

The LAC framework (Table 1) incorporates five core character-
istics (or, as we call them, domains), namely: asset base; institutions
and entitlements; knowledge and information; innovation; and
flexible, forward-looking decision-making and governance.
These domains interact to determine the ways of and the degree
to which individual CTSA hubs are prepared for and able to adapt
to emergencies and other significant adverse changes. While these
domains are necessarily interdependent, interacting, and overlap-
ping, each of them serves a distinct role in CTSAs’ ability to adapt
to and thrive under new adverse circumstances and beyond. The
framework is also open to incorporating other domains to reflect
specific organizational settings, conditions, and circumstances.
We have adapted the “knowledge and information” domain by
integrating a concept of “learning,” which is more comprehensive,

flexible, and conducive to adaptive capacity development in the
context of translational science, NCATS 3Ds (Developing,
Demonstrating, Disseminating) approach [1, 17], and CTSA
Program goals.

TheWorkingGroup applied the LAC framework systematically
to identify, curate, and analyze relevant evidence that represents
different areas and members of the CTSA network. Following
the NCATS 3Ds approach [1, 17], the Working Group imple-
mented a comprehensive strategy for conceptualization, data col-
lection, analysis, gathering timely feedback, and dissemination.
Most of the WG activities were implemented in the collaborative
space of Google Drive, which allowed enhanced sharing, commu-
nication, data/evidence curation, project administration, transpar-
ency, accountability, and real-time collaboration. The CTS
community was engaged by reviewing and providing feedback
via consultations with CTSA colleagues, expert and stakeholder
reviews, feedback from the CTSA Steering Committee, and feed-
back discussions at conferences. Dissemination efforts (some
implemented in 2021 and more planned for 2022) have been bidi-
rectional, providing an opportunity for feedback and new informa-
tion to accrue, including conference presentations, abstract
publications, webinars, CLIC website posts, report presentation
to the CTSA Steering Committee, and manuscripts submitted to
the Journal of Clinical and Translational Science.

Results

Select Themes and Lessons Learned from the E-Scan Focus
Areas

A wealth of broad themes and concrete lessons learned emerged
from individual sections of the E-Scan that are relevant to the
CTSA Program at local and national levels. Despite and in response
to the pandemic-induced challenges, CTSAs rallied in their pursuit
of local, regional, and national strategies to foster innovation and
meet emergent needs. Numerous accounts described how individ-
ual hubs quickly moved to remote environments while simultane-
ously responding to increased needs for resources and services.
Hubs found that years of NIH CTSA funding meant that some
resources and services were ready to support the needs driven
by the pandemic, while the uniqueness of the pandemic created
new needs and unexpected stresses [18]. Lessons learned happened
in real time, forcing hubs to evolve continuously during each wave
of the pandemic.

The LAC framework helps to illustrate the interconnectedness
of CTSA programs and services, while exposing how the demands
of the pandemic forced them to quickly pivot and adapt. Lessons
learned from this process aid our understanding of adaptive capac-
ity and preparedness at different levels, as well as help strengthen
the core service models and strategies and foster innovation in
translational science in many CTSA Program areas. A synopsis
of findings for all E-Scan focus areas is presented next.

Engaging Community in the Translational Process1

Asset base
The success of responses and adaptations depends on such assets as
trust in public authorities, trust in science, and the use of commu-
nication strategies to inform—and be informed by—the public at
large and individual communities [19, 20]. CTSA’s efforts to

Table 1. Local adaptive capacity domains and their features (adapted from Jones
et al. [15])

Adaptive capacity domains
Features that characterize a high
adaptive capacity

Asset base Availability of key assets that allow the
system to respond to evolving
circumstances

Institutions and entitlements Existence of an appropriate and
evolving institutional environment that
allows fair access and entitlement to
key assets and capitals

Knowledge, information, and
learning

The system has the ability to collect,
analyze, and disseminate knowledge
and information to learn in support of
adaptation activities

Innovation The system creates an enabling
environment to foster innovation,
experimentation, and the ability to
explore pragmatic solutions and to
take advantage of opportunities

Flexible, forward-looking
decision-making and
governance

The system is able to anticipate,
incorporate, and respond to changes
with regards to its decision-making,
governance and operational
structures, and future planning

1E-Scan of Engaging Community [76]
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strengthen community relationships [21] and deploy enhanced
communications methods [22] have contributed to slowing the
spread of the virus and implementing biomedical research.
CTSA hubs are expected to further deepen trust-based community
engagement and strengthen advocacy for health equity [23].

Institutions and entitlements
During emergencies and beyond, collaborative institutional and
inter-institutional environments are key to managing fair and effi-
cient access to essential assets and opportunities. CTSA hubs uti-
lized and expanded their collaborative relationships with local
community organizations, public health departments, coalitions,
and other stakeholders [24, 25]. Research teams and community
advocates require additional assistance to enable more impactful
collaboration in CTS research and its equitable integration in all
populations.

Knowledge, information, and learning
CTSA hubs have used various mechanisms to advance co-learning
and co-sharing of knowledge, resources, tools, and experiences
between academic professionals, patients, community partners,
and other stakeholders [26, 27]. There is still significant room
for bi-directional flow of information and learning, listening to
community partners, understanding their levels of awareness, atti-
tudes and beliefs towards research, and responding to their con-
cerns and ideas.

Innovation
University researchers and community partners collaborated to
develop evidence-based, inclusive, accessible, and culturally appro-
priate resources helping community members stay healthy,
informed, and connected during the pandemic [28–30]. CTSA
hubs utilized novel and enhanced remote-engagement and non-
face-to-face strategies and leveraged video-conferencing and asyn-
chronous communication technology to ensure timely communi-
cation between investigators, community partners, and study
participants [31].

Flexible, forward-looking decision-making
CTSA experiences demonstrated that governance structures hav-
ing community members as equal, trusted partners can facilitate
rapid responses to crises, particularly those affecting rural com-
munities and racial and ethnic minorities [23, 32]. Some experts
believe that the core culture of clinical research has not signifi-
cantly changed to properly integrate community stakeholders in
all research processes and to ensure suitable responsiveness and
adaptation when an emergency strikes [33].

Integration of Special and Underserved Populations (SUPs) in
Translational Research2

Asset base
The COVID-19 pandemic exacerbated health disparities for spe-
cial and underserved populations, exposing mistrust towards pub-
lic health and other authorities, medical research, and healthcare
during a crisis. Relationship building and inclusion of SUP popu-
lations throughout the process of translational researchmay lead to
the trust of vaccines, clinical trials, diagnostics, and other advances
[34]. The literature suggests that there is a need for institutions to
invest more resources that support the translational research enter-
prise and leverage federal and non-federal funding to foster inte-
gration and promote the health and well-being of SUP
communities across the lifespan.

Institutions and entitlements
Demographic diversity in clinical trials must be a reality [35], as
well as easy access to information, data repositories, programs,
centers, toolkits, etc. developed to increase SUP participation
and recruitment [36]. Community integration resources, infra-
structure, and initiatives need to be optimized to support the trans-
lational research enterprise’s ability to promote resilience in special
and underserved populations, as well as their engagement in the
problem-solving process—as co-creators, designers, implement-
ers, or reviewers of the projects.

Knowledge, information, and learning
CTSA consortium’s challenging task has been to ensure that the
translational research enterprise’s knowledge and data science
tools are designed for accessibility for learning in underrepresented
and special populations across the human lifespan. Generalizable
knowledge has to be created from mixed qualitative and quantita-
tive research methods that best align with the knowledge genera-
tion mechanisms of underrepresented and special populations
[23, 37, 38].

Innovation
Overreliance on technology and other electronic-based methods
further exclude SUPs from the research process. Hybrid outreach
strategies that combine old and new methods may help bridge the
digital divide, a growing gap that affects the underprivileged mem-
bers of society who do not have adequate access to computers or
the internet [39]. Institutions could focus on human-centered
design to promote disaster resilience in underserved and special
populations across the lifespan. To advance innovation, CTS
researchers need to have the knowledge, attitudes, and skills to

AC&P approaches for community engagement

Building on, optimizing, and expanding existing connections and trust
relationships.

Maintaining bi-directional communication.
Communicating clearly, effectively, honestly.
Practicing attentive, responsive, active listening to—and learning from—

the community.
Using culturally appropriate, community-approved, respectful solutions.
Integrating communities as equal partners in the entire research and
leadership process.

AC&P approaches for integrating SUPs

Earning trust through community action, connections, and resources.
Promoting SUP participation and recruitment in clinical trials.
Optimizing access to information, programs, centers, toolkits, and new
compensation models.

Developing outreach strategies, resources, and technology solutions
addressing specific needs of SUPs.

Assessing and diversifying leadership, operations, workforce, data, and
communication with SUPs.

Engaging community/SUP partners in shaping priorities and research
prospectively.

2E-Scan of Integrating SUPs [77]
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partner with and listen to community leaders and members most
familiar with what communities need.

Flexible, forward-looking decision-making
Racial health inequities existing across the entire research spec-
trum can be addressed via careful need assessments and diversifi-
cation of leadership, operations, workforce, data, approaches, and
communication mechanisms with SUPs [23, 40, 41]. Institutions
may benefit from greater engagement of community partners in
shaping priorities and research prospectively (e.g., reviewing pilot
project proposals) and a Board of Trustees that includes represent-
atives from SUP communities across the lifespan to further trans-
form and realize the translational research enterprise’s vision,
mission, and values.

Increasing Quality and Efficiency of Translational Research3

Asset base
CTSA activities caused by the pandemic became more visible.
Successful adaptations, pivoting strategies, and resources devel-
oped during critical times are part of the asset base, e.g., formation
of clinical trial review committees, adoption of appropriate safe-
guards and safety protocols [42]; critical role of deep regulatory
knowledge, electronic submissions capabilities to the FDA for effi-
cient access to experimental therapeutics, and nimble regulatory
and legal resource reallocation [43]; and a substantial shift of insti-
tutional approaches in biorepository management to an enter-
prise-serving strategy [44].

Institutions and entitlements
An interplay of local and regional considerations and capacities
may influence clinical outcomes and linked research during emer-
gencies. CTSA hubs leveraged pre-established collaborations and
assets to provide uninterrupted service to research teams while
ensuring staff safety. CTS institutions can be better prepared via:
establishing organizational structures, acquiring equipment, pre-
paring personnel, creating consensus-driven clinical protocols,
aligning resources across a system [45], rapidly deploying resour-
ces, fostering trusting relationships among investigative and clini-
cal care teams, and developing shared “play books” for facilitating
research specimen collections and other activities [43].

Knowledge, information, and learning
Impactful knowledge generation and dissemination are indispen-
sable, yet difficult to implement during emergencies. Select CTSA
strategies in this area included: adopting a “learning health system

approach” which integrates scientists into care delivery processes
and interdisciplinary networking [46]; creating faster access for
researchers to high-quality COVID-19 data; and providing
COVID-19-focused research training [47, 48]. Learning was not
restricted to the academic environment. At many CTSA hubs’ vir-
tual Town Hall meetings and Community Forums, health and
research experts shared with thousands of community members
the evidence and resources needed to augment understanding of
COVID-19 and research-related issues [49, 50].

Innovation
Responses to crises rely on expedited procedures but usual work-
flows, testing, and protocol reviews take time. In the context of
most staff and committee operations being successfully transi-
tioned to remote conduct, CTSA hubs helped investigators navi-
gate new options such as electronic consent, shipping study
drugs to participants, and starting in-home research visits [51].
For example, IRB-approved COVID-19 studies could acquire
study participants’ consent through electronic signature, and a
UMN CTSI-developed special registry housed electronic medical
records of COVID-19 patients to offer fast access to high-quality
pandemic data for researchers [47]. Bolstered by robust standard
operating procedures, proactive identification of key personnel,
and cross-departmental collaboration real-time together and in
parallel, Georgia CTSA’s Rapid Response Team coordinated 48-
hour approval for treatment of coronavirus patients [52]. With
both safety and quality in mind, hubs developed novel approaches
to expedite experimental therapeutics, e.g., repurposing existing
therapeutic interventions in the clinical setting [28].

Flexible, forward-looking decision-making
Crises put a strain on established systems that are often neither
agile nor fit to respond to emergencies. Unfortunately, the broader
system often rediscovers the same needs during a crisis, calling
again for actions to be able to predict and be sufficiently prepared
for the next one [53]. To make the CTS research enterprise agile
and nimble, one that can sustain and advance the operations of
the vast translational sciences enterprise, while addressing emer-
gency needs, institutional leadership may follow these steps:
(1) Say what you do (policies and SOPs governed by a capable
management team); (2) Do what you say (program implementa-
tion and team training); (3) Prove it (monitoring and evaluation
to ensure processes are followed and outcomes achieved); and
(4) Improve it (addressing areas of concern) [54].

Training and Cultivating the Translational Science
Workforce4

Asset base
Since CTSA TL1 and KL2 training appointments are time-limited,
developing and incorporating adaptations to the evolving circum-
stances of the pandemic was essential. Training, mentorship, and
research—the trifecta of career development activities—were all
required to be virtual or physically distant. While COVID-19-
related challenges to training and cultivating the translational
science workforce have been described previously [55], the envi-
ronmental scan found that CTSA hubs were creative in identifying
strategies to minimize disruptions caused by the pandemic.

AC&P approaches for increasing quality and efficiency

Highlighting CTSA hub service portfolio. Maintaining and sharing robust
adaptations, pivoting strategies, and resources developed during crisis.

Leveraging pre-established collaborations, resources, and information.
Adopting a “learning health system approach” to integrate scientists into
care delivery processes and interdisciplinary networking.

Optimizing approaches to expedite experimental therapeutics and other
innovative potential solutions.

Building transformative and adaptive capacity bolstered by continuous
quality improvement.

3E-Scan of Quality & Efficiency [78] 4E-Scan of TS Workforce [79]
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Many CTSA hubs leveraged existing, redesigned, and newly devel-
oped resources to facilitate the continuity of both research and
training agendas [56, 57].

Institutions and entitlements
The pandemic caused traditional, in-person, educational activities
to be reduced or canceled, which oftentimes led to a lack of inter-
personal connectivity and decreased sense of a learning commu-
nity in a mostly digital world. CTSA institutions provided access
to physical, electronic, and digital/online resources to facilitate
training activities and the conduct of human subjects research
[58]. Most importantly, the pandemic showed that under such
unprecedented conditions, additional support was required
beyond the traditional mentor–mentee dyad to foster resiliency,
such as providing virtual well-being resources, connecting trainees
and scholars with 1:1 counseling, accommodating childcare
responsibilities, and providing indirect/direct financial relief
[59–61].

Knowledge, information, and learning
As most universities halted research operations entirely or priori-
tized COVID-19 research, trainees and scholars were concerned
about how to continue their research, training, and other learning
agendas. CTSA hubs leveraged informational technology and
electronic, digital, and online resources for education. Online
group forums and one-on-one meetings enabled ongoing
exchange of information and learning, as well as opportunities
for trainees to share their concerns, challenges, needs, and pro-
vide mutual assistance. CTSA hub surveys on the impact of the
emergency on trainees/scholars were useful for informing adap-
tation activities [55].

Innovation
The move to the virtual platform also led to the implementation of
innovative programs such as the CTSA Visiting Scholar Program
that allowed KL2 Scholars to serve as virtual visiting professors and
to expand their network beyond the home institution without the
need to travel. The challenges of the COVID-19 crisis and associ-
ated isolation emphasized the importance of mentorship and social
connectivity. Such novel activities like virtual dinners, group men-
toring hours, happy hours, networking sessions, and virtual sup-
port groups provided these early career researchers and trainees
the ability to retain and form new social connections needed for
the next stage in their careers [62, 63].

Flexible, forward-looking decision-making
CTSA hubs demonstrated flexible, strategic decision-making in
their provision of direct and indirect resources, in addition to lev-
eraging existing assets, for allowing research and training projects
to continue. For instance, some trainees and scholars were pro-
vided COVID-19 relief grants or supplements, took advantage
of existing data sources (such as electronic health records) to allow
research to continue with a pivot in focus, and/or were permitted to
adjust the amount of protected research time to allow their career
to continue to grow. Important considerations for institutional
leadership include: expanding the range of products that “count”
toward tenure and promotion; allowing for more individualized
timelines for tenure and promotion; and ensuring equity by mon-
itoring demographic breakdowns in tenure/promotion and alloca-
tion of new teaching and service loads [64].

Advancing the Use of Informatics5

Asset base
Years of investments from NCATS allowed for informatics services
and resources at CTSA Hubs to play a significant role in addressing
the health crisis. Challenges included lack of sufficient, reliable clinical
and research information during an emergency, and unharmonized
data in multiple databases. CTSA hubs’ response strategies included
adapting existing resources for generating andmanaging information,
leveraging and expanding pre-established collaborations, andbuilding
centralized resources designed to aggregate/harmonize clinical data
across organizations to enable rapid integration. The asset base avail-
able to the CTSA consortium and individual hubs in responding to
the pandemics—and in need of focused capacity building—includes
the following domains: governance, tools, common data models, data
terminology standards, and training [18]. To prepare for a future cri-
sis, Coller et al. [65] recommend the adoption of novel informatics
platforms, hiring individuals with required informatics skills while
consideringwork fromhome policies, and strengthening security, pri-
vacy, and technical capability of informatics platforms.

Institutions and entitlements
The pandemic exposed the lack of access for the clinical and
research community to a wealth of clinical (COVID-19 including)
data, sitting in widely distributed databases. A common-sensical,
yet challenging to implement, strategy was to pool local resources

AC&P approaches for cultivating TS workforce

Leveraging existing, redesigned, and newly developed resources to
facilitate continuity of both research and training agendas.

Providing indirect and direct financial relief to trainees and researchers.
Moving teaching/educational/mentorship activities to virtual platforms.
Providing virtual: group mentoring hours, peer-mentoring, happy hours,
networking sessions.

Utilizing surveys on the impact of the emergency on trainees/scholars to
inform adaptation activities.

Emphasizing well-being, resilience, and critical skills for the translational
science workforce.

Conducting a needs assessment to redefine the characteristics of
success in academia.

Ensuring equity by monitoring demographic breakdowns in tenure/
promotion and allocation of new teaching and service loads.

AC&P approaches for advancing the use of informatics

Adapting existing resources for generating and managing information.
Optimizing and expanding existing collaborations in research networks.
Building centralized resources designed to aggregate and harmonize
clinical data across organizations to enable rapid integration.

Harmonizing data into a common data model across hubs, health
systems, scientists, and other partners in different areas.

Capturing informatics challenges and best practices to share via multiple
channels.

Utilizing pragmatic information technology solutions that help engage
and inform the community about research.

Creating collaborative, advanced analytics platforms and strategies to
enable emergency-related data collection and novel analyses.

Preparing collaborative analytics approaches and platforms for future
emergencies.

5E-Scan of Using Informatics for TS [69]
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and harmonize electronic health record (EHR) data into a
common data model across hubs, health systems, scientists, and
other partners in different areas. Coordinated efforts, such as
the National COVID Cohort Collaborative (N3C), illustrate the
power of the CTSA consortium and other partners to collectively
support national needs in the aggregation and harmonization of
clinical data, utilizing a collaborative analytics approach that can
be adopted and adapted for addressing other health conditions
and emergencies.

Knowledge, information, and learning
There was a significant increase in demand for data and resources
related to the use of cutting-edge informatics. CTSA hubs and their
health care and research partners have recognized the need for con-
certed efforts leading to the dissemination of newly found or opti-
mized knowledge and information to biomedical and translational
scientists, clinicians, patients, and other stakeholders. One of the
approaches emphasized by NCATS and NIH has been the ongoing
cultivation of a culture of Open Science and Data Sharing grounded
in the FAIR (Findable, Accessible, Interoperable, Reusable) principles
[17, 66]. It is essential to systematically capture challenges and best
practices for informatics to share via multiple channels. For example,
the CTSA Program’s CLIC pivoted to share successful practices and
lessons learned from the CTSA Program Response to COVID-19,
including those related to the use of cutting-edge informatics.

Innovation
Among common pandemic challenges were difficulties with engage-
ment of diverse participant groups in pandemic-related and other
research and a strong need for massive, interoperable clinical, and
research data. Advancing their ability to innovate and find prag-
matic solutions, CTSA hubs collaborated in the development of
high-functioning participant recruitment and engagement platform
to integrate a diverse participant population into COVID-19 vaccine
trials, allowing research teams to track, analyze, and report study
participation over time [67], as well as utilized their informatics
infrastructure to create pandemic data dashboards [68].

Flexible, forward-looking decision-making
Capable decision-making and governance are needed to advance
cutting-edge, ‘emergency-ready’ informatics platforms and strate-
gies, enabling data generation, management, novel analyses, and
communication—integrated into translational research, commu-
nity engagement, and workforce training. There are key roles for
informatics decision makers, teams, tools, policies, and resources
in the following hub-suggested practices in the emergency context:
developing a detailed plan to support research during any emer-
gency; mobilizing key players for early collaboration; developing
a central location for key information; communicating frequently
and openly with the research community; and engaging the com-
munity effectively so they can become aware of the importance of
clinical research and opportunities currently available.

Leadership and Administration to Advance Translational
Science6

Asset base
The speed and scope of the COVID-19 pandemic quickly empha-
sized the critical role of leadership and administration during a
global pandemic. In practical terms, this meant coordinating access

to resources, sharing knowledge, fostering innovation, and remain-
ing flexible. CTSA hubs were asked to perform the dual task of sup-
porting emerging translational science needs, while pivoting their
existing services and resources to virtual environments. CTSA
involvement in decision-making was instrumental in establishing
dedicated COVID-19 diagnostic laboratories and research,
obtaining funding, facilitating laboratory and clinical spaces,
adjusting workflows to support improved timing for IRB review,
and developing diagnostic tests for COVID-19 [70]. Derived from
the JCTSCOVID Special Edition Survey of CTSA hubs, some prag-
matic, asset-related suggestions to prepare for another emergency
include: having robust technology to support remote research and
administrative activities; internal resources to track and evaluate
the emergency; the ability to rapidly develop tools to understand
local situations; and the availability of the institutional Critical
Incident Management Team (CIMT) to create a cohesive, compre-
hensive approach to assessing and addressing emergencies.

Institutions and entitlements
Scientific and administrative leadership of the CTSA hubs and
their partners worked together to align their response to the pan-
demic, and their institutions and communities benefited from pre-
existing structures and relationships to share diverse resources,
ideas, and strategies, e.g., via the Trial Innovation Network, the
Recruitment Innovation Centers, Regional Tri-State Hubs
[65, 67]. Widespread disruptions from the pandemic forced
CTSAs to rethink informatics resources, administration of the
TL1 and KL2 programs, and research at a time when most univer-
sities were shutting down [18, 55, 56].

Community partnerships helped address communication gaps
with vulnerable and minority populations and provide concise and
trustworthy information regarding COVID-19 prevention, testing,
and the pandemic socioeconomic impact [34]. Access to consortia
networks such as the Accrual to Clinical Trials (ACT) Network,
National Patient-Centered Clinical Research Network (PCORnet),
and Consortium for Characterization of COVID-19 by EHR (4CE)
helped to support access to much needed data [71]. The development
of the National COVIDCohort Collaborative (N3C), helped to accel-
erate our understanding of COVID-19 and leveraged the principles of
team science in sharing data during the pandemic [71].

Knowledge, information, and learning
Lessons learned from the shared living-through-COVID experi-
ence may serve as a primer for emergency preparedness and assist

AC&P approaches for leadership and administration

Developing: technology solutions to support remote research and
administrative activities; internal resources to track and evaluate the
emergency; the ability to rapidly develop tools to understand local
situations; and institutional emergency management teams.

Utilizing and expanding existing collaborations and structures to share
resources, ideas, and strategies.

Developing robust mechanisms to share challenges and best practices
with diverse stakeholders via multiple channels.

Building evaluation and monitoring capacity for continuous
organizational learning, improvement, and broader understanding of
how to better adapt and prepare.

Cultivating trustful partnership and shared decision making with other
academic partners, medical centers, private partners, community
clinics, citizen scientists, and special and underrepresented groups.

6E-Scan of Leadership & Administration [74]
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organizations to enhance their ability to respond to the next public
health crisis. There are many examples of CTSA stakeholder com-
munication during the pandemic (Community Forums, Town
Halls, webinars, and other meetings), with the dialogue andmutual
learning taking place between decision makers, researchers, and
community members. CTSA-supported informatics collaboratives
[22] have ensured that relevant pandemic data, information, and
knowledge-related activities affecting communities and research-
ers are widely shared and coordinated. Rigorous evaluation and
monitoring are indispensable for continuous organizational learn-
ing, improvement, and broader understanding of how to better
adapt and prepare [72], bolstered by robust mechanisms for shar-
ing knowledge across research teams, organizations, partners, and
disciplines.

Innovation
Clinical and translational science “innovations developed in
response to the COVID-19 pandemic deserve serious considera-
tion for adoption as new standards, thus converting the painful
trauma of the pandemic into ‘post-traumatic growth’” [65].
CTSA hub leadership and administration at various levels have
contributed to identifying and materializing multiple novel solu-
tions and innovations in the translational science enterprise in
the areas of community engagement, communication, informa-
tional technology, collaboration, training, data generation, and
sharing, etc. – practices that will continue to benefit the CTS
workforce, research participants, communities, and other
stakeholders.

Flexible, forward-looking decision-making
Five distinct elements to successful leadership during the COVID-
19 crisis, highlighted by Shingler-Nance [73], are both simple and

powerful: staying calm, communication, collaboration, coordinat-
ing, and providing support. Having experienced varying degrees of
success in those areas, CTSA hub leaders have demonstrated that
one of the greatest strengths was collaboration on the national and
regional levels to strengthen networks of comprehensive support
available to the research community all throughout the transla-
tional continuum. Trustful partnership and shared decision mak-
ing with other academic partners, medical centers, private
partners, community clinics, citizen scientists, and special and
underrepresented groups are imperative to generate novel
approaches and pragmatic solutions for complex issues across
all populations.

Discussion

The environmental scan findings and discussions have highlighted
the enormous challenges of a public health emergency; scientific/
research opportunities that it presented; and creativity, flexibility,
and optimism of the diverse teams of health professionals, clinical
and translational science research teams, administration and infor-
mation technology experts, and community organizations that
worked hard to address those challenges and opportunities. The
speed and scope of the COVID-19 pandemic quickly emphasized
the critical role of leadership and administration during a global
pandemic. In practical terms, this meant coordinating access to
resources, sharing knowledge, fostering innovation, and remaining
flexible. CTSA hubs were asked to perform the dual task of sup-
porting emerging translational science needs, while pivoting their
existing services and resources to virtual environments.

Common challenges created by the emergency include con-
ducting research as universities shut down, sustaining programs,
and services that traditionally occurred in person, the need for
quick decision making and governance, support for underserved

Table 2. Challenges for CTSA hubs in the context of emergency, practices to address them, and lessons learned derived from the AC&P E-Scan (adapted from
Volkov & Hoyo 75)

Focus areas Challenges identified Practices and lessons learned
Adaptive capacity
domains

Engaging communities Uncertainty
Lack of trust
Miscommunication

Building collaborative environments to
manage fair and efficient access

Bi-directional communication
Attentive, responsive, active listening

Institutions and
entitlements

Integrating special and
underserved populations

Mistrust of the research process
Disproportionate burden, health disparities

Overcoming reliance on sometimes
exclusionary technology and methods

Optimizing design for accessibility, specific
needs

Knowledge,
information, and
learning

Increasing quality and
efficiency

Explaining a portfolio of CTSA mission, roles,
services to internal and external collaborators
Red tape hinders efficiency and innovation

Improving visibility, flexibility, efficiency of
CTSA services

Facilitating novel/pragmatic approaches to
expedite health care and research solutions

Innovation

Cultivating translational
workforce

Widespread disruption of research activities and
training

Institutional, structural and personal barriers

Leveraging existing assets and capabilities
Adapting traditional tools and technology to
new conditions

Assets

Informatics Lack of sufficient, reliable clinical and research
information

Lack of engagement with diverse populations

Developing massive, interoperable clinical/
research data infrastructure

Making concerted efforts to optimize
knowledge dissemination

Innovation

Leadership and
administration

Critical need for coordinated response among
widespread disruption

Collaborating to strengthen networks of
comprehensive support for research
community

Cultivating trustful partnership and shared
decision making

Flexible, forward-
looking decision-
making
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populations, and addressing the continuously evolving research
and data requirements. Although the pandemic created consider-
able disruptions, many CTSA hubs demonstrated resilience in
addressing emergent needs. Programs, services, and educational
offerings quickly moved to virtual environments. Translational sci-
ence leaders and scientists now realize that lessons learned from
the pandemic would alter the way that institutions will operate
in the future and that the adoption of new standards would foster
growth and increase our collective adaptive capacity [46, 65]. Some
of the challenges, lessons learned, and approaches across CTSA
focus areas—grounded in the pandemic experiences and captured
by the Environmental Scan—are summarized in Table 2.

To achieve a state of readiness to meet the challenges of this
pandemic and future crises, the CTSA Program hubs must play
an increasingly pivotal role in prioritizing studies and establishing
the necessary research infrastructure in centers throughout the
nation. We anticipate that the successful initiatives, which CTSA
hubs led and collaborated on, will be further optimized, expanded,
and leveraged on a large scale to fight the COVID-19 pandemic,
syndemics, novel diseases, and any public health disasters and
challenges. Truly engaged communities and stakeholders, new
technological capabilities, goodwill, and newly acquired experience
should allow us to build national and international collaborations
and global infrastructure in the areas of public health and transla-
tional science. Being a forward-looking, catalytic member of the
broad, global scientific community is a critical element of our
national adaptive capacity and preparedness.

While the observations in this overview are not intended to gen-
eralize to other clinical and translational infrastructures, this envi-
ronmental scan can help design principles, concepts, policies, and
practices that would enable the clinical and translational science
enterprise to respond and adapt to rapidly emerging needs at
multiple levels. Future community-engaged research, guided by
the LAC Framework and other promising models, may want to
include additional sources of information that were outside of
the scope of this scan, such as surveys of translational science stake-
holders, comprehensive analysis of the organizational documents,
and focus groups and interviews with community representatives
and experts in the specific focus areas. Careful consideration and
coordination by the translational science community are needed to
better understand the current status of—and future directions for
—our preparedness and adaptive capacity to make determined,
effective efforts to deal with high-priority scientific and medical
challenges, questions, and needs presented by emergencies and
beyond.

Supplementary Material. To view supplementary material for this article,
please visit https://doi.org/10.1017/cts.2022.400.
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