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Abstract: In the midst of the COVID-19 pandemic, United
States (U.S.) educational institutions must weigh incomplete scientific evidence to inform decisions about how best
to re-open schools without sacrificing public health. While
many communities face surging case numbers, others are
experiencing case plateaus or even decreasing numbers.
Simultaneously, some U.S. school systems face immense
infrastructure challenges and resource constraints, while
others are better positioned to resume face-to-face instruction.
In this review, we first examine potential engineering controls
to reduce SARS-CoV-2 exposures; we then present processes
whereby local decision-makers can identify and partner with
scientists, faculty, students, parents, public health officials,
and others to determine the controls most appropriate for their
communities. While no solution completely eliminates risks of
SARS-CoV-2 exposure and illness, this mini-review discusses
engaged decision and communication processes that incorporate current scientific knowledge, school district constraints,
local tolerance for health risk, and community priorities to help
guide schools in selecting and implementing re-opening strategies that are acceptable, feasible, and context-specific.

Introduction

*Corresponding author: Kelly G. Pennell, Department of Civil
Engineering, University of Kentucky, College of Engineering,
Lexington, KY 40506, USA, E-mail: kellypennell@uky.edu. https://
orcid.org/0000-0003-3423-9610
Anna G. Hoover, Department of Preventive Medicine and
Environmental Health, University of Kentucky, College of Public
Health, Lexington, KY 40506, USA, E-mail: aghoov2@uky.edu
Wendy Heiger-Bernays, Department of Environmental Health, Boston
University, School of Public Health, Boston, MA 02118, USA,
E-mail: whb@bu.edu
Sweta Ojha, Department of Civil Engineering, University of Kentucky,
College of Engineering, Lexington, KY 40506, USA,
E-mail: sweta.ojha@uky.edu

As U.S. educators in both K-12 and higher education settings prepare to launch a new academic year amidst
increasing numbers of SARS-CoV-2 infections in many regions, school leaders critically need a combination of
evidence-informed strategies and stakeholder-engaged
implementation to reduce morbidity and mortality arising
from COVID-19. Schools will resume operations in diverse
settings, with many districts facing serious financial constraints and aging buildings, often with sealed windows
and sub-optimal ventilation [1]. Absent an effective vaccine
or herd immunity, the ability to adhere to public health
guidance is a critical consideration for school districts,
colleges, and universities evaluating and adapting potential modes of instruction (e.g., remote, online, face-to-face,
and/or hybrid). To reduce risk and provide safer educational environments, school leaders therefore need two
important kinds of information: (1) which preventive
measures can most effectively reduce virus spread in
school settings, and (2) how parent, student, faculty, and
staff support for implementing preventive measures can
best be achieved.
With scientific evidence and non-scientific information rapidly emerging – and at times conﬂicting – education leaders require environmental and health knowledge
to assess new information and adapt it to real-world scenarios. With this information, they can work with local
stakeholders to make appropriate evidence-informed,
context-speciﬁc decisions in a constantly changing information environment. Summarizing relevant bodies of
knowledge from engineering and research translation, we
provide examples of emerging environmental and engineering controls for SARS-CoV-2 reduction; we then share
strategies from stakeholder-engaged environmental health
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translation that may help education leaders at all levels
protect campus communities.
Although the exact implications of school closures and
re-openings on community transmission of SARS-CoV-2 are
unknown, educational communities are concerned about
the impacts of school closures on society, including economics, learning, and mental health. As educational institutions resume instruction, several models have been
proposed globally, from reducing class sizes to limiting
person-to-person interactions via online instruction to
increasing physical distance. Academic calendars have
shifted, and extracurricular activities are being re-scheduled
or re-configured. Face masks that are required in many
public settings are being considered for educational settings. Testing for SARS-CoV-2 viral RNA or antibodies is a
component of many school reopening plans [2]. However,
many plans do not yet account for the potential role of
ventilation, a topic that more than 200 experts [3] recently
called on the scientiﬁc community to address directly.
The field of environmental health can speak to ventilation issues. With concerns about aersolization of viral particles increasing, environmental health scientists bring
knowledge about the importance of exposure pathways and
particles that move through airflows. Ventilation highlights
just one potentially important yet contentious mitigation
approach for which new evidence emerges almost daily [3,
4]. The need for schools to develop ventilation strategies
underscores the need for interdisciplinary partnerships with
public health ofﬁcials, scientists, technicians, and lay publics. Effective risk communication can play an important role
in clarifying both the challenges and potential solutions.
According to the ASCE Infrastructure Reportcard,
50-million students and 6-million adults occupy 100,000
public schools daily. The quality of U.S. public school facilities rank low (grade of D) and are described as in fair to
poor condition [1]. Many more individuals attend private
schools and universities with similar infrastructure challenges that have implications for public health. Successfully re-opening schools in the midst of a pandemic requires
reaching across educational and scientiﬁc communities of
practice, as well as affected lay publics, to support meaningful interactions and effective decisions. This mini-review
emphasizes that stakeholder engagement must acknowledge community priorities and local tolerance for health
risk. We highlight stakeholder engagement and risk
communication processes, presenting means by which
scientists can identify and collaborate with education
leaders to inform decisions that must address ﬁnite
resources, uncertain science, and community priorities.
We discuss stakeholder engagement processes and
methods for supporting collaborative sensemaking,

building environmental health literacy, recognizing the
importance of trust, and sharing critical knowledge to
support evidence-informed, stakeholder-engaged strategies for decreasing the spread of SARS-CoV-2.

Discussion
Airborne transmission of SARS-CoV-2
Respiratory viruses follow two major transmission pathways from infectious to susceptible individuals. Infectious
individuals can release virus-containing particles of varying dimensions into air, referred to as “aerosols”, under
several different situations. During breathing, talking,
singing and coughing, respiratory, droplets and/or aerosols can be released. Some scientists make distinctions
between droplets and aerosols based on size, while others
do not. Here, the term aerosol refers to the entire size range
released (e.g., 0.1–>100 μm) [5]. Small respirable aerosols
of <5–10 μm often follow airﬂow streams and can travel
farther distances, contributing to airborne transmission,
but to date it is not feasible to routinely monitor for the
presence of viral particles. Larger aerosols >20 μm can
travel shorter distances and settle onto surfaces and/or
people, potentially exposing susceptible individuals to the
virus when they touch these surfaces and then touch their
own eyes, nose, or mouth [6, 7]. Growing evidence indicates that SARS-CoV-2 can be transmitted by airborne
transmission, large aerosols, and fomites [5, 7], with U.S.
Centers for Disease Control and Prevention (CDC) recognizing the importance of airborne transmission [8].
Without a vaccine or highly effective treatments, disease risk reduction requires reducing the probability of
exposing susceptible people to the virus. For SARS-CoV-2,
increased attention has focused on infected but presymptomatic and asymptomatic individuals who may be
responsible for the majority of transmission of COVID-19 to
susceptible individuals [3, 7, 9]. As new evidence emerges,
debate continues regarding the proportion of cases for
which small respirable aerosol (or airbone) transmission is
responsible [10]. This debate derives in part because of the
lack of studies that directly correlate exposure to persistent
airborne virus with disease; however, direct evidence and
exposure modeling increasingly suggests airborne transmission is an important and perhaps predominant pathway
of SARS-CoV-2 exposure [11–13]. In the absence of
consensus on the relative contribution of airborne transmission of SARS-CoV-2, a precautionary approach is
important to promote potentially preventive action while
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encouraging public participation in decisions about prevention strategies. Working from this principle, we turn our
attention to mitigation strategies for indoor transmission.
Figure 1A illustrates two potential routes of exposure for
SARS-CoV-2: inhalational and direct contact. Figure 1B
shows that while a mask worn by either an infectious or
susceptible individual provides limited protection,
improved exposure-reducing results are achieved when both
don masks correctly.

Indoor exposure mitigation strategies for
SARS-CoV-2
Adapting the CDC infection control pyramid, Morawska
et al. and Deziel et al. summarized methods to minimize
indoor exposure to SARS-CoV-2 [4, 14]. Their efforts
recognized pathogen elimination as most effective, followed by engineering and administrative controls, with
personal protective equipment (PPE) considered least
effective. In March 2020, U.S. educational institutions
began moving instruction online to eliminate exposure in
shared physical spaces. Approximately one month later,
the CDC recommended that people wear cloth facemasks as
personal protection in public settings where physical
distancing could not be ensured. While these strategies
met immediate needs at the elimination and PPE ends of
the infection control pyramid, they did not directly address
the two intermediate mitigation categories: engineering
and administrative exposure controls. As schools examine
alternatives for Fall 2020 resumption of learning, controls
from all four domains will be needed.
Table 1 frames the infection control pyramid set forth by
Morawska et al. [4], incorporating speciﬁc engineering and
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administrative controls and recognizing evidence-informed
stakeholder engagement as a modulator of effectiveness.

Ventilation: a critical engineering control
While science specific to SARS-CoV-2 transmission is
generated and debated, current evidence relies largely on
prior studies of related infectious diseases. Morawska et al.
discussed the importance of one speciﬁc engineering
control: ventilation [4]. To account for the evolving science
and recommendations, Jimenez developed a tool for estimating SARS-CoV-2 transmission in various educational
settings with building ventilation and facemasks [15].
Aerosol transport is significantly influenced by airflow
within a building. For large droplets, gravity drives how
droplets settle, typically following Stokes Law [16–18], but
cross-ﬂows will affect the time and location of where the
droplet lands. When a person coughs or sneezes, turbulent
gas with suspended aerosols of various sizes are emitted
and large droplets will be more inﬂuenced by gravity,
falling downwards, rather than the turbulent gas emitted.
Under these conditions, face shields or vertical partitions
may be effective PPE for preventing larger droplets from
reaching susceptible individuals [19]; however, respiratory
droplets emitting during breathing and talking generally
undergo some evaporation during transmission, changing
size during transport. Smaller droplets are transported
longer distances and will follow airﬂow patterns, making
aerosol transport difﬁcult to predict in a typical building
[20] and reducing the effectiveness of face shields and
vertical partitions as exposure-preventing PPE [19].
Several research studies have described the role of
ventilation and infectious disease transmission (e.g., [21–
27]), but these studies have not provided conclusive

Figure 1: Conceptual model for SARS-CoV-2 aerosol transmission and exposure.
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Table : Modiﬁed infection control pyramid with evidence-based stakeholder engagement.
Traditional
effectiveness

Effectiveness
modulator

Most
Evidence-based
Stakeholder
Engagement
Least

Methods of
minimization

Exposure pathway
Aerosols

Fomite

Elimination
Engineering controls

Physical separation
Building ventilation, air purifying
devices, plexiglass partitionsa, etc.
Evidence-informed, community-derived
enforcement, policies, and risk
communication
Face masks, face shieldsa

Disinfection and washing
Covered surfaces

Administrative
controls
Personal protective
equipment

Evidence-informed, community-derived
enforcement, policies, and risk
communication
Frequently replacing (e.g., single use)
surface and hand coverings

Partitions can be effective for “signaling” to encourage social distancing (e.g., OSHA COVID- Retail Worker Guidance: https://www.osha.
gov/Publications/OSHA.pdf). Both face shields and partitions (e.g., plexiglass) can be useful for reducing exposure to large droplets (e.g.,
“drops”) that result from sneezes or coughs; however, to reduce exposure to smaller aerosols face shields should be worn with a mask.
Additionally, partitions placed within rooms impact airﬂows and their effect on aerosol transport should be carefully evaluated because
reduction in aerosol exposure may not occur if aerosols are concentrated near or around the partition (and humans).
a

information about the optimal number of air changes per
hour, or ACH, for the highly variable types of buildings
encountered in educational settings. Predicting adequate
ventilation rates to prevent infectious disease transmission
is complex, in part due to the location of the source (infectious person), number of virions per unit of air, and
incomplete mixing, which results in aerosol concentrations varying substantially throughout an enclosed space.
Variability of ventilation systems and building geometries
adds even more complexity. Ventilation includes natural
ventilation and mechanical ventilation; and can be highly
variable depending on a range of factors [4, 28] including
occupant behavior in buildings. Natural ventilation is
outdoor airﬂow through intentional openings such as open
windows and is driven by weather and building conditions
(e.g., temperatures and pressure gradients), making
airﬂow patterns unpredictable and variable [28].
While additional research is needed to better understand the complexity of airflows and building ventilation
systems, increasing building ACH appears potentially
beneficial for decreasing airborne virus accumulation. This
strategy could be implemented as an engineering control to
reduce the spread of SARS-CoV-2. The Jimenez tool provides guidance for how to make professional judgments
about increasing building ventilation [15]; however, ASHRAE [28] and Morawska et al. [4] provide realistic constraints for stakeholders engaged in building management
decisions to consider. Carbon dioxide (CO2) levels within
occupied buildings are used as a surrogate for air exchange. People produce CO2 when they exhale; therefore,
the more people in the room, the more CO2 is produced. CO2
levels between 300 and 600 are found in outdoor air, and
levels below 800 ppm are being used as an indicator of
ventilation adequacy in schools [28, 29]. However, direct

evidence for sufﬁciency of SARS-CoV-2 dilution is lacking.
Ventilating spaces with outdoor air instead of circulating
untreated indoor air can efﬁciently increase ventilation. Air
treatment devices (e.g., ultraviolet [UV] radiation in the
germicidal range may be potentially effective for SARSCoV-2 based on its effectiveness for other viruses) [30] and/
or air ﬁltration using adequate particle ﬁlter sizes [31] are
additional engineering controls for decreasing SARS-CoV-2
exposure risks. Wearing cloth face masks indoors adds an
important layer of protection against the exposure of
SARS-CoV-2 to susceptible individuals. However, masks
vary widely in efﬁcacy, due in part to the types of material,
the ﬁt of the mask and the propensity for removal by the
wearer [32]; as such, they do not meet the rigorous NIOSH
deﬁnition of PPE. Figure 2 illustrates the potential role of
ventilation in modulating SARS-CoV-2 exposure in classrooms. Recirculating ventilation systems in rooms with
closed windows limit outside airﬂows and create the greater
potential exposure risks. Conversely, ventilation systems
that both use outside (rather than recirculating) air and open
windows potentially reduce the airborne presence of
SARS-CoV-2 within the classroom but may introduce additional pollutants, depending upon where the school is
located. In addition, increasing ventilation by using outdoor
air will result in hotter, more humid classrooms in fall and
spring and colder, dryer classrooms in the winter.

Risk communication: a key administrative
control
To ensure people know when, where, and how to implement engineering controls, it is critical to engage stakeholders in developing strategies, obtaining data, and
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Figure 2: Ventilation and exposure scenarios.
Notes: Outdoor air flows into and out of windows due to indoor–outdoor
temperature/pressure differences. Top panel has “more” exposure,
middle and bottom panel have “less” exposure than top panel.

creating effective risk messages. The emergence of
SARS-CoV-2 and the subsequent COVID-19 pandemic have
left scientists and public health officials across disciplines
playing catch-up in terms of characterizing and reducing
transmission risk. Consequently, public health professionals are even further behind in developing and
messaging best practices for prevention. Resulting uncertainty can influence risk perceptions among stakeholders,
from lay publics to regulatory officials [33], and contribute
to competing risk narratives [34]. Under these circumstances, effective translation of science to public health
action requires clear risk messaging about both the nature
of SARS-CoV-2 transmission and protective steps for
decreasing exposures to the virus.
“Research translation” describes the timely and efficient transfer of scientific findings into improvements in
public health outcomes [35]. Conceptualizations of translation have evolved over time, from a three-step process of
information diffusion, targeted dissemination, and
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implementation [36] to the National Institute of Environmental Health Sciences Translational Research Framework, which depicts ﬁve concentric rings moving from
scientiﬁc discovery through application and synthesis,
implementation and adjustment, and practice, ultimately
resulting in positive health impacts [37].
The COVID-19 pandemic’s unique combination of
global public health emergency, pre-print and open-access
scientific publishing, often contradictory drivers of economic imperatives and public health protection, and
widespread interest from social and traditional media has
created a perfect storm of uncertainty by truncating what is
traditionally a years- (if not decades-) long translational
process [38–40]. Basic scientiﬁc discovery about the virus
and its transmission occurs nearly simultaneously with all
other stages of the translation process. Rather than being
vetted, synthesized, and replicated, SARS-CoV-2 and
COVID-19 ﬁndings are disseminated immediately to hyperinterested publics. Instead of working with scientists to
develop and test tools and interventions before widespread
implementation, public health and regulatory ofﬁcials
must adopt policies and urge behaviors even as the body of
supporting evidence is debated. These debates, along with
the need to change guidance as new knowledge emerges,
further contribute to public confusion.
Shifting messages from national and international
public health organizations on issues related to masking
[41], asymptomatic transmission of the virus [42], and
airborne transmission, along with misinformation about
the pandemic [43], have contributed to individual and
organizational uncertainty about the appropriate preventive actions to take. Further, adherence to expert COVID-19
prevention recommendations is mediated by many factors,
including political partisanship [44] and message framing
[45]. Together, these challenges can result in public
outrage overtaking efforts to manage SARS-CoV-2 exposure risks [46]. Deploying effective risk communication to
refocus attention toward transmission hazards is a critical
administrative control for educational institutions returning to a “new normal”.
Translational and messaging challenges are not new
for environmental health scientists who work with hazardous waste sites that often require decades to remediate;
therefore, research translation specialists and public
health scientists in environmental health research centers
could prove useful partners for overburdened school
leaders trying to manage information. During site remediation periods, at-risk residents receive sometimesconflicting information from diverse governmental, private, and nonprofit organizations. When these mixed
environmental health messages collide with confusion

32

Hoover et al.: Incomplete COVID-19 evidence and engagement

about organizational roles, trust in technical expertise can
deteriorate [47]. The resulting distrust can exacerbate
challenges for building environmental health literacy
(EHL), the knowledge and skills people and communities
need to take health-protective actions [48–50]. Building
EHL among school stakeholders can improve scientiﬁc
understanding of potential challenges and solutions for
creating safer back-to-school plans.
To tackle low levels of trust and build EHL, research
translation professionals increasingly turn to participatory
approaches that encourage co-learning while empowering
at-risk communities [50–53]. These engaged approaches
are consistent with the precautionary principle, foregrounding community values and incorporating stakeholder perspectives into prevention strategies and risk
messages that are both evidence-based and feasible [54,
55]. Engaged approaches can build trust among stakeholders while encouraging contextual adaptations that
improve both the validity and ﬁt of interventions [56].
When developing and implementing COVID-19 prevention
strategies and risk communication, educational institutions need to build trust among stakeholders while
ensuring policies, practices, and messages are appropriate
for speciﬁc settings. But how can educational leaders systematically identify and engage their stakeholders –
particularly when the timeline for decision-making is days,
rather than months or years?

Modulating effectiveness of controls:
stakeholder identification and engagement
In the broadest sense, “stakeholders” are individuals and
groups who have “legitimate interests in procedural and/or
substantive aspects of [organizational] activity” [50]. These
interests sometimes are divided into primary and secondary stakeholder categories, based on the nature of organizational claim or interest [57]. Within an educational
institution, primary stakeholders include students, faculty,
staff, and administrators. Secondary stakeholders often
depend upon the type of educational organization; for
example, K-12 organizations must consider the needs and
concerns of parents and boards of education, while colleges and universities connect regularly with alumni and
other donors. Successful risk communication with both
primary and secondary stakeholders requires determining
who has a legitimate stake in organizational activity and
identifying key stakeholder representatives who can assist
organizational leaders in understanding diverse information needs and preferences. By ensuring school stakeholders have a voice in developing and implementing

COVID-19 risk-reducing strategies, local leaders can build
local support for and improve the feasibility of those
strategies.
Again, lessons from the field of environmental health
can inform the application of stakeholder-engaged approaches in risk reduction. In recent years, stakeholder
engagement projects and studies have assisted in building
EHL [51], improving report-back of personal exposure data
[58], exploring local environmental health disparities [59],
and reducing or preventing exposures [60]. Environmental
public health scientists and research translation specialists
therefore could prove valuable partners not only in risk
communication, but also in helping overburdened school
ofﬁcials successfully select and implement stakeholder
engagement processes.
A number of approaches have emerged that can help
educational leaders and their partners identify and prioritize stakeholders in the engagement process. The socialecological model, for example, provides one high-level
framework for identifying stakeholders within key five key
spheres of influence: policy, community, organizational,
interpersonal, and individual [61]. Which spheres are most
important for prioritizing strategies to reduce the spread of
SARS-CoV-2 within educational institutions? Who are the
key stakeholders within each priority sphere?
After high-level stakeholders have been identified, the
Alignment, Influence, and Interest Matrix, or AIIM [62], can
provide a complementary second step to prioritizing the
engagement of speciﬁc stakeholders who can help prevent
SARS-CoV-2 transmission on campuses. AIIM classiﬁes
potential stakeholders as “high” or “low” across two dimensions: alignment and interest (see Figure 3). By placing
stakeholders in the appropriate cells of this matrix, organizations can better target risk messages, thereby
improving their effectiveness with key constituencies.
Alignment indicates the extent to which a stakeholder
shares objectives and perspectives with the organization,
while interest indicates a stakeholder’s attention and
commitment to the issue at hand. Different communication
strategies are appropriate for stakeholders within each cell
of the matrix. Where both alignment and interest are high,
the organization may deploy messages that stress colearning about prevention; however, where the stakeholder lacks both alignment and interest, the organization
will need messaging that strives to develop stakeholder
awareness of and enthusiasm for COVID-19 prevention
strategies. Where interest is high but alignment is low,
messages may need to challenge stakeholder beliefs, while
high-alignment/low-interest stakeholders may require
messages that raise perceived salience of COVID-19 prevention. Fully engaging partners, or key informants, who
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represent each cell of the matrix will help educators ensure
that prevention messages effectively target each audience.
One example of an opportunity for AIIM-informed
stakeholder engagement is ventilation of schools by
incorporating resources from ASHRAE [28]. School principals, college deans, and other senior administrators likely
are highly aligned with and interested in reducing
SAR-CoV-2 exposures throughout their school populations.
However, once decisions have been made to increase
outdoor ventilation rates, additional stakeholders –
including facility/building operations personnel, public
health scientists, and other individuals with indoor air
quality knowledge – likely would be most aligned with and
interested in carrying out the next set of objectives toward
increasing and maintaining building ventilation rates.
These stakeholders would evaluate guidance from organizations, such as ASHRAE, which requires knowledge of
ventilation standards and codes. At each step of the process, new objectives may emerge and new stakeholders
need be identiﬁed so that the process can be most effectively inﬂuenced.
Identifying key informants and opinion leaders within
stakeholder groups can be challenging. Social network
analysis, or SNA, offers a potential third step toward
further prioritizing candidates to engage in developing
COVID-19 prevention strategies [63]. Social network theory
illustrates the types of social ties that exist among individuals and organizations, emphasizing the importance
of structure and placement of an individual within that
structure [64]. In SNA, an individual’s connections to other
individuals are depicted as ties. When the number of ties
within a personal network is examined, a snapshot of that
person’s sphere of inﬂuence emerges. Many ties – especially ties to other people with numerous connections
themselves – can indicate a person’s centrality within a
network. Such individuals may be important inﬂuencers
within their organizational or social spheres; therefore,

Alignment

High

Low
Low

High
Interest

Figure 3: The alignment, influence, and interest matrix (AIIM).
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they could be critical partners in devising and disseminating effective risk messages within their networks.
As plans unfold for the coming school year, school
systems struggle to balance SARS-CoV-2 exposure control
measures with the reality of over-crowded classrooms,
inadequately maintained school buildings, and parents
who need their children back in the classroom, highlighting the need for expertise by trusted stakeholders as
critical partners. Massachusetts released its “Initial Fall
Reopening Guidance” on June 25, 2020, requiring school
systems develop three learning plans – virtual, hybrid, and
fully in-person, where students and staff maintain social
distances of three to six feet, wear face-masks (grades 2–
12), and “consider” increasing ventilation [65]. The guidance sets the expectation that children need to be back in
school this fall, while minimizing risk of contracting
COVID-19. In at least one community, data from a preliminary survey of parents, teachers, and staff regarding
their learning-plan preferences were coupled with interpretation of current COVID-19 exposure and risk science,
leading to the release of a plan that did not include the full
in-person option [66]. In consultation with local public
health ofﬁcials, stricter guidelines than those required by
the state were proposed – namely the use of 6-foot
distancing and masks for pre-K-12, as well as explicit
consideration of understanding the schools’ ventilation
systems and formal recognition of the need for engineering
controls. In this case, local public health authorities used
emerging SARS-CoV-2 science to support a more restrictive
return to school plan. The Massachusetts example illustrates that schools and communities partnering with
knowledgeable scientiﬁc experts can create the opportunity for more data-driven local decisions that can both inﬂuence and educate.
After education leaders identify stakeholders and key
informants, they will need to leverage stakeholder knowledge both to prioritize COVID-19 prevention strategies and
to create and disseminate messages that encourage widespread strategy adoption. Fischhoff has described the
evolution of risk communication as shifting from unidirectional and information-driven activities to a kind of
partnership development [67]. Such partnerships are
particularly important for addressing COVID-19 risk, which
already is deeply embedded in subjectivity and the social
construction of risk [68, 69]. Numerous tools and approaches can help optimize stakeholder engagement activities. Community-based participatory communication
[70], collaborative and participatory modeling [71],
community-based participatory research [72, 73], and the
convergence-building model of environmental health
communication [74] all describe group processes for
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stakeholder-engaged research, translation, and/or
communication.
Education leaders can select and adapt the engagement strategies that work best for their settings and populations. Third-party knowledge from industrial
hygienists, public health officials, engineers, and other
technical experts can help balance power dynamics within
these collaborative spaces while also increasing environmental health literacy among participants. Multiple voices
representing different backgrounds and organizational
stakes can increase capacity for successfully reducing
COVID-19 spread by decreasing the likelihood that educational leaders will become trapped in a single set of expectations. Recognition of the need for institutional and
engineering controls to reduce SARS-CoV-2 exposure is
rapidly expanding, as evidenced by a group of parents
drafting a template for others to use in advocating for safe
re-opening of schools [75]. In short, participatory communication approaches can help address innovation-limiting
constraints on sensemaking [76, 77].

Conclusions
Scientists and public health organizations continue to
debate the role of the aerosol transport in SARS-CoV-2
transmission. With high levels of uncertainty and potentially severe outcomes related to COVID-19, leaders
wishing to resume educational operations will need to
generate evidence-informed policies that combine scientific analysis and precautionary measures [78]. As Greenhalgh and colleagues have argued, “in the face of a
pandemic the search for perfect evidence may be the enemy of good policy” [79].
Using the infection control pyramid, evidenceinformed COVID-19 precautionary policies were implemented in many areas of the U.S. beginning in March 2020.
Physical distancing addresses the need for elimination
controls, and widespread masking supports personal protective controls. Opportunities remain for more robust
incorporation of engineering and administrative controls
in multi-tier COVID-19 prevention.
In this mini-review, we discuss ventilation as a
potentially valuable engineering control for educational
institutions preparing to resume operations. In schools
where ventilation can be increased through open windows
or where air treatment (Figure 2) can be placed in air
handling devices, opportunities exist to reduce the presence of and subsequent exposure to SARS-CoV-2. Critically,
ventilation to reduce the spread of SARS-CoV-2 must
include fresh outdoor air, not merely the circulation of

unﬁltered indoor air from other rooms [3]. Existing resources (e.g., [28, 80, 81]) can help guide decision makers
on how to promote healthier indoor environments
Emerging COVID-19 science necessitates that stakeholders
remain engaged with experts to inform critical decisions.
We also position risk communication as a key administrative control that allows education leaders, faculty,
students, parents, and public health professionals to share
evidence and rationale for local strategy selection and
implementation. Unfortunately, the emerging nature of
pandemic-related scientific evidence has contributed to
mixed and changing messages from public health officials.
Both scientific uncertainty and shifting risk communication can foment confusion and distrust among publics [82];
therefore, we argue for stakeholder engagement as a
potentially important modulator of the effectiveness of
controls. We examine ways in which leaders can identify
key stakeholders to build collaborative prevention and
mitigation approaches and messaging (Figure 3).
Stakeholder-engaged strategies also answer calls for more
inclusive COVID-19 prevention strategies and messaging
[83]. Participatory engagement approaches that are
designed to build trust and include diverse perspectives
can help ensure the real-world feasibility of evidenceinformed prevention strategies while also improving
messaging to students, faculty, staff, parents, and other
stakeholders [53].
In addition to re-opening strategies, it is imperative to
discuss local tolerance for COVID-19 cases in the classroom
or institution. While case numbers may be limited through
exposure controls, at some point the numbers are likely to
increase. The data on case numbers depends on sufficient
community COVID-19 testing and contact tracing capabilities. As with any other environmental health risk situation,
communities must decide how much risk is too much, and
in the case of COVID-19, how many cases are too many in
one school?
Amidst changing messages and emerging science,
educational leaders following the precautionary principle
should consider implementing ventilation strategies that
can mitigate disease transmission. Even the best strategies,
however, are only as good as organizations’ and individuals’
willingness to use them. Effective implementation requires
partnerships among educators, students, parents, engineers, risk communicators, and other key stakeholders to
ensure optimal prevention and save lives on campuses.
As educational institutions resume on-campus activities, many are publicly documenting their decision and
implementation processes. It will be important to analyze
stakeholder compliance with prevention strategies, as well
as the overall effectiveness of those strategies, to
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encourage future examination of the potential mediating
role of stakeholder engagement on the efficacy of
communication, adoption, and, ultimately, prevention.
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