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Abstract
A human factors and ergonomics (HFE) systems approach offers a model for adjusting work sys-
tems and care processes in response to a healthcare crisis such as COVID-19. Using the Systems
Engineering Initiative for Patient Safety (SEIPS) model of work system and patient safety, we
describe various work system barriers and facilitators experienced by healthcare workers during
the COVID-19 crisis. We propose a set of five principles based on this HFE systems approach related
to novel pandemic: (i) deferring to local expertise, (ii) facilitating adaptive behaviors, (iii) enhanc-
ing interactions between system elements and levels along the patient journey, (iv) re-purposing
existing processes and (v) encouraging dynamic continuous learning.
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Introduction

TheCOVID-19 pandemic is challenging healthcare organizations and
their workers around the world. Healthcare workers, in particular
those on the frontline, have experienced dramatic changes in their
daily routine work as a result of the novel SARS-CoV-2 virus and
its evolving presentations and associated risk. This has been com-
pounded by a lack of (or limited) physical, technical, organizational
and psychological resources to respond to unexpected disruptions
precipitated with COVID-19, the disease, and the associated global
pandemic. The remarkable degree of variance in work ‘pre-COVID-
19’ and ‘post-COVID-19’ has had a negative impact upon healthcare
workers, especially regarding their ability to provide high-quality safe
care and their mental and physical health while attempting to cope
with a continually changing clinical landscape [1]. The human fac-
tors and ergonomics (HFE) discipline can provide approaches and
methods for analyzing and addressing these challenges in a systematic

manner. In this paper, we use an HFE systems approach, i.e. the Sys-
tems Engineering Initiative for Patient Safety (SEIPS) model [2, 3],
to describe some of the work system barriers and facilitators expe-
rienced by healthcare workers and to suggest a range of HFE-based
principles for moving forward with healthcare system improvement.

Work system barriers and facilitators in COVID-19
healthcare context

The SEIPS model of work system and patient safety [2, 3] has been
demonstrated to be useful within healthcare as a frame for identify-
ing the variety of work system barriers and facilitators experienced
by healthcare workers, such as tele-intensive care unit nurses [4]
and healthcare professionals involved in pediatric trauma care [5].
Barriers and facilitators can be found in any of the elements of the
work system and either hinder or support the ability of workers to
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Figure 1 Work system barriers and facilitators in COVID-19.

do their job. Based on data from the emerging literature, workplace
stories, social media and personal experiences, we identified a range
of work system barriers and facilitators within the COVID-19 health-
care context (see Figure 1). In Figure 1, the work system barriers
and facilitators are associated with each of the ‘five work system ele-
ments’: the ‘people’ (at the center of the work system), ‘tasks,’ ‘tools
and technology,’ ‘physical environment’ and ‘organizational context.’
Some of these factors are clearly identified as barriers, such as infor-
mation overload and underload, and breakdowns of existing technol-
ogy. Other factors could be either a barrier or a facilitator depending
on their characteristics, stance with regard to context (Decision X has
administrative benefit but increases clinical workload), and methods
of implementation, such as leadership/management communication
and support. It is also important to emphasize that these work sys-
tem barriers and facilitators are interconnected. For instance, ease
of visualization of COVID-19 patients and their monitors through
windows or clear doors could reduce the number of times nurses
enter a patient room, with added benefit of reducing viral spread and
utilization of scarce PPE (personal protective equipment) materials.
This simple example demonstrates the interdependencies of ‘people’
(clinical workers/patients), ‘environment’ (glass doors/windows) and
‘technology/tools’ (monitors, PPE materials) within a work system.
The SEIPS model provides a frame from which to begin to elucidate
‘hard to see’ features of health care, a very complex system, under
inordinate and unexpected pressure during the COVID-19 pandemic.

It is important to recognize that the healthcare work system has
become more dynamic than it was ‘pre-COVID-19,’ as knowledge
about the nature of the virus, methods for its diagnosis and treat-
ment constantly evolve. This has resulted in barriers and facilitators
for work constantly changing and evolving at a rapid pace that has
surprisingly been day-to-day (e.g. surges in infection rates, limited
hospital capacity for admissions, supply and demand for testing
and PPE materials). Healthcare workers have exhibited an amazing
ability to adapt and learn from the ever changing conditions and
constraints within their work system, in line with the concept of
‘resilience engineering’ and the ‘Safety II model’ [6]. For example,
when faced with growing shortages of PPE, healthcare workers have
devised methods for reducing the number of entries into rooms of

hospitalized COVID-19 patients by moving infusion pumps outside
of the room for easier access. Adaptive behaviors such as this are
positive local work-arounds aimed at supporting high-quality safe
care during previously unheard-of system pressures. Understanding
and learning from these types of work-arounds is critical as they are
often potential solutions to complex problems [7].

HFE systems approach to COVID-19

We suggest that an HFE systems approach to COVID-19 (and future
pandemics and health crises) should be based on five principles:
(i) deferring to local expertise, (ii) facilitating adaptive behaviors,
(iii) enhancing interactions between system elements and levels
along the patient journey, (iv) re-purposing existing processes and
(v) encouraging dynamic continuous learning.

Local expertise
As with all work systems, healthcare work has barriers and facilita-
tors. Unique work system barriers and facilitators will emerge as all
systems are dynamic. In the context of the COVID-19 pandemic, the
crisis has further exacerbated this feature (see Figure 1 for examples
of work system barriers and facilitators). These barriers and facilita-
tors often manifest as the outcome of organizational decisions from
within healthcare organizations and various components of their
external environments, e.g. leaders and supervisors of healthcare
organizations, designers of equipment and technology and regula-
tory agencies. It is critical to understand the linkages between these
decisions and the work system barriers and facilitators experienced
within local contexts of healthcare workers. This can help to ensure
that frontline workers have adequate control and resources to react to
changing circumstances. This calls for ‘deference to local expertise,’
and requires dialogue with those on the frontline of clinical work [8].

Adaptive behaviors
Figuring out how to design, implement, evaluate and redesign care
processes under novel disruptions to a work system is critical for
rapidly evolving contexts. The COVID-19 crisis is characterized
by multiple, rapid changes in processes, procedures, criteria for
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diagnosis and recommendations for treatment. The rapid design–
implementation–redesign process required needs to consider the
actual ‘real-time’ work of healthcare workers facing the crisis day
to day. Successful, sustainable changes in care processes cannot be
based on what we ‘think’ they are doing, but what they ‘are’ actually
doing [9]. Adaptive behaviors of healthcare workers are very useful
sources of information about the creative ways they go about meeting
the goals for their work. We need to support sharing such behaviors
and learning from them.

Enhancing system interactions
In addition to ensuring that individual system elements are well-
designed, we must pay attention to how the various elements fit
together; ‘this is the essence of the HFE systems approach.’ As
described above, working through COVID-19 has spotlighted the
interdependency of multiple elements of the work system: PPE, ven-
tilators, monitoring equipment, staffing, work environment, etc.
(see Figure 1). Acknowledging system interactions should be a
priority, with an emphasis on enhancing work between connected
work systems. This is even more important as we cope with COVID-
19 and its impact on the clinical work for other types of patients.
For instance, how do we support the safe journey of patients from
an emergency department to an intensive care unit; or from the hos-
pital to a long-term rehabilitation facility, each caring for a variety
of non-COVID-19 patients as well?

Re-purposing processes
In a crisis such as COVID-19, healthcare organizations need to have
structures and processes that facilitate communication and informa-
tion flow in all directions. Existing processes and mechanisms can be
quickly re-purposed in order to ensure that information about work
system barriers and facilitators is quickly captured and addressed.
For instance, daily huddles for safety can support quick dissemina-
tion about important information, e.g. evolving diagnostic criteria
for COVID-19. Nontraditional platforms can also be conduits for
communication; for example, Twitter, local webinars, electronic
bulletin boards, etc.

Dynamic continuous learning
As ‘no crisis should go to waste,’ healthcare organizations need to
institute short- and long-term learning processes. The COVID-19
crisis has exposed many weaknesses in the way healthcare work sys-
tems are designed, and its variety of barriers experienced by health-
care workers. As highlighted in the first four principles described,
dynamic continuous learning about the response of healthcare work

systems to the COVID-19 pandemic must occur in real-time and not
once it has passed. As the global system of healthcare struggles to
adjust to its ‘new normal’ related to the SARS-CoV-2 virus, healthcare
organizations must establish multidisciplinary committees charged to
design greater adaptive capacity for their work systems [10]. The
overarching goal for this redesign should be resilient health care that
can quickly respond to perturbations and disruptions to clinical work
[6]. Specific emphasis should be given to understanding the extempo-
raneous adaptive responses currently occurring within their systems
during the COVID-19 pandemic. This is valuable for informing the
development of new adaptive processes and recommendations for the
future. An HFE systems approach such as the SEIPS model and the
inclusion of experts in HFE and safety sciences will also be required.
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