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Abstract

Background. The COVID-19 pandemic has popularized computer-based decision-support models, which are com-
monly used to inform decision making amidst complexity. Understanding what organizational decision makers pre-
fer from these models is needed to inform model development during this and future crises. Methods. We recruited
and interviewed decision makers from North Carolina across 9 sectors to understand organizational decision-making
processes during the first year of the COVID-19 pandemic (N = 44). For this study, we identified and analyzed a
subset of responses from interviewees (n = 19) who reported using modeling to inform decision making. We used
conventional content analysis to analyze themes from this convenience sample with respect to the source of models
and their applications, the value of modeling and recommended applications, and hesitancies toward the use of mod-
els. Results. Models were used to compare trends in disease spread across localities, estimate the effects of social dis-
tancing policies, and allocate scarce resources, with some interviewees depending on multiple models. Decision
makers desired more granular models, capable of projecting disease spread within subpopulations and estimating
where local outbreaks could occur, and incorporating a broad set of outcomes, such as social well-being. Hesitancies
to the use of modeling included doubts that models could reflect nuances of human behavior, concerns about the
quality of data used in models, and the limited amount of modeling specific to the local context. Conclusions.
Decision makers perceived modeling as valuable for informing organizational decisions yet described varied ability
and willingness to use models for this purpose. These data present an opportunity to educate organizational decision
makers on the merits of decision-support modeling and to inform modeling teams on how to build more responsive
models that address the needs of organizational decision makers.

Highlights

e Organizations from a diversity of sectors across North Carolina (including public health, education,
business, government, religion, and public safety) have used decision-support modeling to inform decision
making during COVID-19.

e Decision makers wish for models to project the spread of disease, especially at the local level (e.g., individual
cities and counties), and to help estimate the outcomes of policies.

e Some organizational decision makers are hesitant to use modeling to inform their decisions, stemming from
doubts that models could reflect nuances of human behavior, concerns about the accuracy and precision of
data used in models, and the limited amount of modeling available at the local level.
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Introduction

The COVID-19 pandemic has challenged organizational
decision makers to manage their organizations through a
complex public health crisis.'*> Throughout the ongoing
crisis, many organizations have shifted the types of ser-
vices offered, established structures for emergency deci-
sion making, and developed the capacity to track and
act upon continuously updated COVID-19-related infor-
mation.** These changes have also been made within a
broad and evolving landscape of decision making among
other organizations, complicating any one decision mak-
er’s ability to conceptualize the context around a deci-
sion or predict the likely impact of decision alternatives
on their organization and the surrounding community.
In parallel, the pandemic has accelerated health
sciences research and popularized many tools of health
sciences  researchers,”® including computer-based
decision-support models (hereafter referred to as “mod-
els”).”® In the context of infectious disease, these models
are built to simulate the future course of disease spread
and subsequent outcomes under different policy scenarios

Department of Health Policy and Management, Gillings School of
Global Public Health, University of North Carolina at Chapel Hill,
Chapel Hill, NC, USA (KJ, CBB, KH); Department of Industrial and
Systems Engineering, North Carolina State University, Atlanta, GA,
USA (JS, MM, JI); Department of Geography, University of North
Carolina at Chapel Hill, Chapel Hill, NC, USA (PD); Department of
Engineering, College of Engineering and Technology, East Carolina
University, Greenville, NC, USA (RLS); Department of Emergency
Medicine, School of Medicine, University of North Carolina at Chapel
Hill, Chapel Hill, NC, USA (MDP). The authors declared no potential
conflicts of interest with respect to the research, authorship, and/or
publication of this article. The authors disclosed receipt of the following
financial support for the research, authorship, and/or publication of
this article: This research was supported in part by the National Center
for Advancing Translational Sciences (NCATS), National Institutes of
Health (NIH), through grant award No. UL1TR002489 and by
Cooperative agreement No. NU38OT000297 from the Council of State
and Territorial Epidemiologists (CSTE) and the Centers for Disease
Control and Prevention (CDC). The content is solely the responsibility
of the authors and does not necessarily represent the official views of
the NIH, CSTE, CDC, or the universities employing the researchers.
CBB is additionally supported by an NCI Cancer Care Quality
Training Program grant, UNC-CH, grant No. T32-CA-116339.

and assumptions about human behavior and disease
characteristics. These models have become well-known
throughout the pandemic,’ especially those produced by
major research institutions such as the Institute for
Health Metrics and Evaluation at the University of
Washington,' Los Alamos National Laboratory,'
Northeastern University,'> Columbia University,'® and
the Imperial College London.'* The results of such mod-
els have received notable attention among decision mak-
ers, defined as individuals whose job responsibilities
include making decisions with a substantial impact on
the structure of the organization or the individuals the
organization serves. Throughout the pandemic, how deci-
sion makers across a range of organizational back-
grounds (especially those outside public health or health
care) have used these models is unclear. The perspectives
of decision makers on the relevance and applicability of
these models during COVID-19 are needed to inform
model development during this and future crises.

In this qualitative study, we aimed to better under-
stand the use of COVID-19 models for organization-level
decision making. The data used for this study represent a
convenience sample from a larger qualitative study on
the context, processes, and inputs for organizational deci-
sion making among diverse sectors during the pandemic.
Despite the limitations of this sampling frame, the con-
clusions of this study provide a foundation for further
research on the understudied role of modeling in inform-
ing organizational decision-making.

Methods

Original Interview Recruitment and Design

Between October 2020 and February 2021, we conducted
semi-structured interviews (45-60 min) with at least 3
decision makers from different organizations within each
of the following 9 sectors: public health, public safety,
county government, health care, business, transporta-
tion, religion, education, and community nonprofits. The
characteristics of the individual organizations included
in our original analysis are presented in Appendix 1.
We defined organizations as consisting of any legally
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recognized entity, regardless of the number of members,
volunteers, or employees. One member of the study team
(K.J.) conducted all interviews using a secure web-based
video-conferencing platform. To facilitate these inter-
views, 3 members of the study team (K.J., M.D.P.,
K.H.L.) developed a semi-structured interview guide and
refined it over the first 3 interviews (Appendix 2). We
asked interviewees about the decisions made or antici-
pated in response to COVID-19, along with the various
factors and information that influenced or would better
support their decisions.

To recruit decision makers, we used a snowball sam-
pling approach,' first by emailing individuals known by
members of our research team (a team composed of
health system engineers and public health scientists from
3 major North Carolina universities). We then asked
interviewees for referrals to additional decision makers
from other organizations who may provide a meaningful
perspective on the questions asked, seeking diversity
across organizations. This resulted in 120 potential inter-
viewees being contacted and 44 interviewed (response
rate: 37%). We determined the sample size based on
reaching thematic saturation (defined as the point at
which no new themes have emerged from the intervie-
wees) across organizations within our established code-
book domains while ensuring at least 3 interviews within
each sector. The UNC Institutional Review Board deter-
mined this study was exempt from review.

Analytical Approach

Given the open-ended structure of our interview guide
and limited literature on decision making during
COVID-19 at the time of analysis, we employed used
conventional content analysis to derive themes from the
interview transcripts.'® Using an inductive, iterative
approach, we first outlined a preliminary codebook for
each theme derived from the interview guide. Additional
codes emerged as members of the research team analyzed
a random sample of transcripts; new codes were added
when data encountered did not fit into an existing code
until no further codes were needed. Our completed code-
book comprised the 6 major domains (organization
background, decision inputs, decision context, decision
processes, types of decisions made, and postdecision
reflections) and minor codes within each major domain.
When all interviews were completed and transcribed, the
transcriptions and codebook were uploaded to
MAXQDA 2018 qualitative analysis software (Verbi
Software, 2009).!” Two independent members of the

research team (C.B. and K.J) independently applied
codes from the full codebook to each transcript before
coming together to resolve discrepancies. Finally, 3 inde-
pendent coders (C.B., K.J., H.H.) analyzed coded
excerpts from all interviews within each minor code and,
per conventional content analysis protocol, identified
major and minor themes within each code with represen-
tative quotations. All coders were doctoral candidates
with previous qualitative analysis experience. See
Appendix 3 for more details on our methodological
approach via the COnsolidated criteria for REporting
Qualitative research Checklist (COREQ).'®

Analytic Sample Selection

For this analysis, we focus on a convenience sample of
transcription segments concerned with the use of model-
ing as an input to inform decision making. Segments
associated with additional codes are not included in this
analysis but have been reported elsewhere.'® The content
of modeling-specific segments consists of interviewee
responses to the question of “what evidence/information/
data is being used to make the decision” in response to
COVID-19. The results of this analysis are derived from
a subset of interviews in which the interviewer directly
probed for modeling as a potential input for decision
making. Given the nonacademic background of most of
our interviewees, different types of simulation-based
models (e.g., agent-based simulations, compartmental
models, etc.) were not distinguished but treated as the
general category “models.” To inform what was meant
by the term “modeling” or “model,” the interviewer
described and gave examples of models that have become
popular during COVID-19 (i.e., the Institute for Health
Metrics and Evaluation’s COVID-19 Projects model). If
interviewees were still not aware of modeling after this
explanation, no further modeling-related questions were
asked (please see Appendix 4 for all included, de-
identified modeling-specific responses to this question).
There was a limited number of interviewee responses on
modeling outside the context of pandemic response (e.g.,
revenue projections, student enrollment, airflow within
buildings), but in keeping with the focus of our study,
that content was not included in this analysis. Among
those who did substantially discuss the role of modeling
as an input for decision making during COVID-19, we
identified key themes to help modelers appreciate current
perceptions about modeling and opportunities to
improve the use of modeling in decision-making.



MDM Policy & Practice 7(2)

Table 1 Interviewees Characteristics

No. of Geographies NC Regions
Sector Interviewees  Organization Roles Included Represented” Represented Race/Ethnicities Represented”
Public safety 3 County sheriff, director of Metropolitan Piedmont Majority White, minority
county emergency services, Black; majority White,
director of university minority Black and Asian
emergency management
Health care 3 Systems engineer for private Statewide, multi; Eastern; Majority white, minority
health system, president of metropolitan statewide Black and Asian; statewide
healthcare association; association
director of student health
services
Business 1 Director of public sector Statewide Statewide Unknown
relations
Public health 4 Director of local health Metropolitan Piedmont Majority White, minority
department Black; majority White,
minority Black or Latino
Education 5 Senior vice provost; university Metropolitan Piedmont; Majority White, minority
president; county school astern Black and Asian;
board member (2); county minority White and Black;
school superintendent majority White, minority
Black or Latino;
minority White, Black, and
Asian
Religion 1 Presbyterian minister Metropolitan Piedmont Majority White
County 2 County manager, assistant Nonmetropolitan Western; eastern Majority White
government county manager

#Geography designations are based on data from the Office of Management and Budget’s metropolitan statistical area designations, which uses

the county as the basic building block.

PRace/ethnicities were classified as “minority” if they constituted greater than 30% of the community/constituents but less than 50% and
“majority” if they constituted greater than 50% of the community/constituents.

Results

Among the 44 decision makers interviewed in the larger
analysis, nearly half (n = 19) discussed modeling as a
decision input, and as a result, they were included in this
analysis (Table 1). Interviewees from this subset came
from the following sectors: county government (n = 2),
health care (n = 3), local public health (n = 4), business
(n = 1), public safety (n = 3), religion (n = 1), and edu-
cation (n = 5). Most interviewees (n = 12) worked for
organizations located in the central Piedmont region of
the state that served a majority White community or con-
stituent base (n = 13). For the individual organizational
backgrounds of all those included in this analysis, please
see Appendix 5.

Reflections on the use of modeling among intervie-
wees considered for this analysis were broadly categor-
ized into the sources of models used in decision making,
the applications for which decision makers used model-
ing, applications for modeling recommended by decision
makers, and hesitancies toward model-informed decision

making. The interviewees with commentary contributing
to subthemes and representative quotations from among
these interviewees are in Table 2.

Source of Models

Interviewees in our analytic sample followed models at
multiple scales, including local, state, and/or national
levels, from a variety of sources. Some organizations
built their own internal models, including private health
systems, large public health departments, and university
settings with modeling-trained scientists; however, most
relied on results generated by external modeling groups.
In the absence of local modeling resources, a few deci-
sion makers relied on national models, especially those
from the Institute for Health Metrics and Evaluation at
the University of Washington, to inform initial decision
making around shutdowns and safety protocols. Three
decision makers commented on the use of multiple mod-
els to inform decision making, even the desire to collect
as many models as they could to include diverse
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perspectives. Justifications for this approach included
the recognition that one model could not provide all the
answers (they did not want to “isolate or pick and
choose certain things”; health care 3), that it was impor-
tant to consider models operating at different scales, and
to compare external models to internal, in-house models
to confirm that decision making at the local level made
sense given state- or national-level trends. This aligns
with a general wariness, as expressed by most intervie-
wees, toward making a decision that would draw nega-
tive attention to their locality or organization if their
local model was wrong.

Having someone in the organization who was trained
to interpret models, point to key takeaways, and situate
findings within the broader literature was expressed as a
facilitator to using models to inform decision making
among several different organizations. In the absence of
this internal knowledge, a few interviewees noted using
only models that had been approved by their local health
director as a “trusted source” (government 1) who could
discern which models were credible.

Applications of Modeling

Four different decision makers used models to inform
the allocation of scarce resources and critical care
employees (e.g., where to stock personal protective
equipment). Identifying different possible disease trajec-
tories facilitated the estimation of needed resources in the
future and activated the right plan to secure those
resources. There was a clear linkage among these organi-
zations between patterns in epidemiological models and
decision making based on their own operational or logis-
tical models. Relatedly, models that estimated the impact
of disease spread on hospital surge capacity were com-
monly used for decision making. Such models gave deci-
sion makers a sense of when demand for health care—
related services would be the most intense. More broadly,
several interviewees commented on the use of modeling
to estimate the worst-case scenarios and when the worst
may occur (the “oh, crap moment,” public safety 1) and
then to compare these scenarios to their available
resources. When the estimated risk surpassed what they
were capable of responding to, some decision makers dis-
cussed how more conservative actions were then taken.

A few interviewees described the usefulness of model-
ing in terms that suggested its ability to confirm (provide
a “sanity check” or “gut check™) their personal intuition
about how the pandemic was progressing or the effective-
ness of their policies. In other instances, decision makers
used modeling to monitor disease spread in “other

communities of similar size and density” (public safety 3)
to estimate what could be expected in their own jurisdic-
tion. Comparisons occurred not just within North
Carolina but also across other states, especially those
that had been hardest hit by the Pandemic early on.
Throughout these comparisons, the implicit suggestion
was that what had occurred or may be occurring else-
where may inform what could happen to their own local-
ity, prompting the need to prepare for the coming wave.
Other respondents emphasized how valuable modeling
was for tracking the spread of disease within small geo-
graphic areas, especially those corresponding with vul-
nerable communities that could be reached through
targeted communication, testing, and contact-tracing
efforts.

In several instances, decision makers emphasized
the value of model visualizations to clarify the impact of
policies on disecase spread for multiple audiences.
Visualizations helped to make the abstract complexity of
models more concrete conceptually. Compared with
merely discussing individual data points, model visuali-
zations provided “hard stuff you can hang your hat on”
(health care 1). This was especially the case for clarifying
how bad the spread of disease could become. These
visuals were also educational. One public health official
(public health 1) described working with a government
epidemiologist as they presented graphically how differ-
ent policies may shift the “curve” of total infections over
time in a way that was both intuitive and easily action-
able. By making scenarios and potential outcomes more
concrete, model visualizations informed their decision
making amid the complexities of COVID-19.

Recommended Applications for Modeling

Multiple decision makers proposed applications for
which modeling would be useful. For example, a handful
of individuals emphasized a desire for models to show
disease spread within subpopulations, including by race/
ethnicity, to understand and predict how groups experi-
encing a higher burden of disease shifted over time.
There was a desire to know “what cluster we are looking
at next” (public safety 1) to prepare targeted messaging.
A local health director desired modeling to help directly
inform when and how it would be safe to return to in-
person meetings. This included the desire to show the
outcomes of social distancing policies and specifically to
determine what minimum number of restrictions need to
be in place to ensure a safe reopening. They also pro-
posed modeling to inform communication campaigns for
vaccination rollout, with a particular interest in
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identifying target coverage levels (“well if we get to this,
we stand a better chance of this outcome,” public safety
1). A director of student health services at a public uni-
versity (health care 1) similarly desired modeling to
inform testing policies if schools were to return in-per-
son. Another interviewee expressed a desire for modeling
the downstream consequences of the pandemic beyond
typical health-related outcomes, particularly assessing
developmental outcomes for kids who have been in
school virtually.

Challenges with and Hesitancies toward
the Use of Models

Many interviewees expressed generally positive com-
ments about modeling, such that models “kind of give
insight” (health care 3), “played a key role” (public
health 1), and helped them avoid “making the wrong
decision” (education 1). However, even among those
who gave favorable commentary, interviewees expressed
various potential concerns about modeling in general
and the specific models on offer during the pandemic.
This included the recognition that models can be highly
uncertain and sensitive to differing assumptions, which
may lead to both inconsistent results across different
models and inaccurate results when comparing projected
estimates with what actually occurred. Inconsistent
results were considered especially problematic, given the
challenge of providing consistent messaging about
COVID-19-related topics to the public. Especially
among public health officials, communicating modeling-
informed findings to the community was considered dif-
ficult for this reason, given the scrutiny with which their
constituents followed public data on the spread of dis-
ease. Additional concerns included doubts that models
could effectively incorporate the nuances of human
behavior, particularly compliance with official mask
usage guidelines. Among such interviewees, there was an
implicit assumption that models must rigidly mirror offi-
cial guidelines (e.g., everyone wearing masks). Other
decision makers questioned the quality of data used in
the models, acknowledging that “models are only as
good as the comfort level you have with the data going
into it and the assumptions being made” (health care 1).
This critique acknowledged that models could become
an effective tool for decision making if quality data were
used and if these data were transparently presented.
Another concern raised was that models did not capture
the nuances of local communities; decision makers iden-
tified unique characteristics of their own communities,
which made them substantively different from the state

at large. One local health director (public health 2) com-
mented on the inability of state-level model results to
provide useful information for individual counties. In
the absence of modeling-informed decision making, local
decision makers described following COVID-19-related
data daily and retrospectively examining where their
locality may be with respect to a state-level prediction or
the projected impact of prior intervention.

Discussion

Among COVID-19 decision makers interviewed for our
study, about half commented on the use of models to
inform decision making (including reasons for not using
them). Among this convenience sample of interviewees,
modeling was viewed as valuable for understanding the
trajectory of the pandemic within their communities and
informing organizational decisions, such as opening facil-
ities or allocating resources. Visualizations were valuable
for understanding and communicating model outcomes.
Notable points of hesitancy toward the use of modeling
results included the limited number of models focusing
on local contexts, doubts about how well models could
incorporate the nuances of human behavior, and the per-
ceived high sensitivity of modeling results to changes in
modeling assumptions.

Our study results emphasize the need to modernize
and standardize the data infrastructure in the United
States to support these model development and calibra-
tion needs. Both accurate modeling at the local level and
modeling the impact of policy among subpopulations
(especially vulnerable communities) demand access to
granular data, which was difficult to obtain during
COVID-19 (these include mobility data or data on mask
usage, neither of which are easily accessible by age and
race or ethnicity).’>*' In the absence of internal model-
ing capacity and data collection locally, local decision
makers may have to rely on externally built models that
may not consider important features of the local con-
text.”> To advance the uptake of modeling across all lev-
els of decision making, it is important to develop further
modeling capacity at the local level, to train decision
makers in how to translate the findings of models at
larger scales to their own context, and to appreciate the
variety of modeling objectives (e.g., to include both pro-
jection as well as learning about the relative impact of
intervention alternatives in the presence of uncertainty).

Given the hesitancies raised in our study along with
support from prior studies on the effective implementa-
tion of decision-support models during COVID-19 and
best modeling practices before the pandemic began,>*
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additional guidance is needed to help local decision mak-
ers become better consumers of modeling. This guidance
should focus on building capacity to understand the
objectives, scope, and policy context of model conceptua-
lization and different model outcomes, such as predic-
tions of new infections or deaths over time, intervention
rankings, or impact of differences. Assisting decision
makers to be effective communicators of model-informed
decisions is also crucial. Guidance should also be given
to help decision makers understand measures of uncer-
tainty associated with model structure and estimates and
the forms of modeling bias.?® This is especially so given
the public resistance following from what are perceived
to be inaccurate model predictions in which model uncer-
tainty was not transparently reported.’® Inspired by find-
ings from our study and the experiences of other
modeling teams during the pandemic, additional research
should be conducted on the strategies by which findings
produced from simulation models can be transparently
and accessibly presented to both the public and decision
makers.”’

Given the convenience sample from which our results
are derived, we encourage further studies to assess the
ways in which diverse sectors use modeling to inform
decision making. The findings of our study identify 3
major categories in which further research can be con-
ducted: the sources of models, the diverse applications of
modeling (desired and realized), and challenges with
model-informed decision making.

Limitations

This study has several limitations that should be noted
when considering the practical implications of our
results. Because the interviewees included in this study of
the use of modeling are a subset of those interviewed on
decision making during the first year of the COVID-19
pandemic, there are potential sources of bias. First,
although we were able to reach thematic saturation
among those included in our original sample, we cannot
confirm thematic saturation among the subsample
included in this analysis. In addition, as compared with
all of those interviewed, those included in this study had
a higher percentage representation from the health care,
public health, and education sectors. Furthermore, it is
possible that those not included in this analysis had sali-
ent perspectives on modeling, but the questions included
within our interview guide did not probe for them. While
this may be due to limitations of our interview guide, it
may also suggest a generally limited awareness of model-
ing as a tool among decision makers and how it differs

from, for example, merely presenting data trends on a
COVID-19 dashboard. Future studies should consis-
tently probe for the level of awareness organizational
decision makers have about modeling. Regardless of the
cause, we cannot know whether these excluded com-
ments (a form of missing data) would have reinforced or
contradicted commentary among those included in this
analysis. Our findings suggest the need for future studies
that examine the perspectives of decision makers who
used and did not use modeling. Moreover, our study of
19 interviewees represents diverse organizational per-
spectives spanning 7 sectors, and there were between 1
and 5 interviewees per sector. To improve the actionabil-
ity of findings, future research should focus on the use of
modeling within specific sectors in contrast to our goal
of capturing cross-sector perspectives. Specific attention
should be given to sectors that were underrepresented in
this analysis (e.g., transportation, nonprofit organiza-
tions, religious organizations), given the novelty with
which these sectors may be implementing the use of
modeling for decision making. Relatedly, the snowball
sampling strategy used to contact potential interviewees
may have biased our sample to include those with a
greater familiarity with modeling than the general popu-
lation, given the prior relationships these individuals had
with members of our research team. However, only 4 of
those interviewed had such relationships (Appendix 95).
Finally, as discussed earlier, we treated modeling as a
general category throughout our interviews and did not
distinguish between the different types of modeling
methods. While this approach captured a broad range of
modeling-related commentary, it limited our ability to
address specific examples or use cases of modeling. We
encourage future studies to interview decision makers on
specific modeling forms to fill this gap, potentially soli-
citing feedback on specific examples of different types of
models given the high level of unfamiliarity among those
whom we interviewed.

Conclusion

Through a convenience sample of semi-structured inter-
views with decision makers across multiple sectors in
North Carolina, this study found mixed appreciation for
the presence and use of decision-support models to
inform decision making during the first year of the
COVID-19 pandemic. Whereas many decision makers
appreciated the ability to use models to understand
trends in disease spread and the effectiveness of future
policies, the lack of modeling at the local level and con-
cerns about the perceived sensitivity of modeling results
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to changing assumptions limited widespread uptake. The
findings of this study should be used to inform the design
and dissemination of future decision-support models (for
the COVID-19 pandemic and future crises) and to train
decision makers on how to become better consumers of
decision-support models that are relevant to decisions
within their organization.
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