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7.1 Introduction

Health care is about people with various roles
(e.g., patient, caregiver, clinician) who interact
and collaborate in connected care processes of
diagnosis, treatment, monitoring, and manage-
ment. Ensuring that these processes produce
“good” outcomes for patients (e.g., quality of
care, patient safety, positive patient experience)
as well as for clinicians involved in their care
(e.g., quality of working life of clinicians)
remains a major challenge around the world. The
US National Academies’ report on Crossing the
Global Quality Chasm [1] indicates that inappro-
priate and unsafe care remain widespread around
the world. In particular, “between 5.7 and 8.4
million deaths occur annually from poor quality
of care in LMIC:s for ... selected set of conditions
..., which represents between 10% and 15% of
the total deaths in LMICs ... in 2015” (page S-2).
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Two other reports also published in 2018 draw
attention to patient safety challenges and gaps in
health care quality around the world [2]. Systems
approaches have been recommended to address
these complex health care quality and patient
safety problems [1, 3], as well as to improve
work systems and working conditions for clini-
cians [4].

The discipline of human factors (or ergonom-
ics) (HFE) provides systems concepts and meth-
ods to improve care processes and outcomes for
patients, caregivers, and clinicians. According to
the International Ergonomics Association, HFE
is “the scientific discipline concerned with the
understanding of interactions among humans and
other elements of a system, and the profession
that applies theory, principles, data and methods
to design in order to optimize human well-being
and overall system performance” [5]. According
to this definition of HFE by the IEA, people are at
the center of (work) systems; systems and their
elements and interactions should be designed to
support performance and enhance well-being of
people. HFE emphasizes the physical, cognitive,
and organizational dimensions of work systems.
Medical residents are key stakeholders in deliv-
ery of high-quality, safe care; they are often at the
center of work systems that deliver care to
patients in hospitals, primary care or specialty
care facilities, emergency departments, and other
care settings. Therefore, it is important to design
the work system of medical residents to improve
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quality and safety of care. The discipline,
approaches, and methods of HFE can help to
achieve this goal.

7.2  Application of SEIPS Model

to Medical Residents

The SEIPS (Systems Engineering Initiative for
Patient Safety) model [6, 7] is an HFE systems
model that can be used to describe the work of
medical residents and its impact on patient safety
and resident outcomes, such as well-being, safety,
and learning. According to the SEIPS model, med-
ical residents perform a range of tasks (e.g., clini-
cal tasks, learning activities) using various tools
and technologies; this occurs in a physical and
organizational environment (see Fig. 7.1). The
design of the work system, i.e., its individual ele-
ments and their interactions, influences care pro-
cesses and educational processes, which in turn
produce outcomes for patients (e.g., patient safety)
and for residents (e.g., well-being, learning).
Medical residents perform a range of tasks
that have been documented and described in mul-
tiple studies. For instance, Carayon et al. [8]

f

described the work of residents in intensive care
units (ICUs), including adult, pediatric, medical,
and surgical units. Prior to conducting observa-
tions, researchers developed a list of 17 tasks
(e.g., direct patient interaction). Four human fac-
tors engineers observed residents in multiple
ICUs for a total of 242 h. Observers recorded
time spent by residents in the following catego-
ries: (1) direct patient care (e.g., clinical review
and documentation), (2) care coordination (e.g.,
conversation with team physician), (3) indirect
patient care (e.g., administrative review and doc-
umentation), and (4) non-patient care (e.g., non-
clinical conversation). Other studies of medical
residents have also shown that significant propor-
tion of their time is spent on tasks that are indi-
rectly related to patient care [9] and that medical
residents are often interrupted while performing
tasks [10].

Residents perform tasks using various tech-
nologies, in particular health information tech-
nologies such as EHR (electronic health record)
and CPOE (computerized provider order entry).
Those technologies have significant impact on
tasks performed by residents, including time
spent on various tasks and the sequence or flow
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of tasks. For instance, after the implementation of
EHR technology in intensive care units, residents
spent significantly more time on clinical docu-
mentation and review: from 18% to 31%, respec-
tively, before and after EHR implementation
[11]. They also performed a higher frequency of
activities per hour after EHR implementation:
from 117 to 154 activities per hour. This may
reflect increased intensification of work around
the use of EHR technology.

Eden et al. [12] described several work system
factors in graduate medical education that inter-
act and influence residents’ educational process
and resident learning; these work system interac-
tions impact the extent to which the resident
workforce is able to provide high-quality, patient-
centered, and affordable health care. For instance,
the payment structures (organization), availabil-
ity of accredited residency positions (environ-
ment), as well as lifestyle and demographic
factors (person) affect the residency pipeline and
the number of physicians in specialty and sub-
specialty fields. Other work system factors, such
as telehealth (technology) and an increased pres-
ence of physician assistants (organization) are
changing the roles, responsibilities, and work
demands of physicians. The graduate medical
education work system should be designed so
that the educational processes produce physi-
cians that can support the health needs and goals
of populations around the world.

A recent report by the National Academies of
Sciences, Engineering, and Medicine demon-
strates the influence of work system factors on
resident well-being. Forty-five to sixty percent of
medical residents’ experience symptoms of burn-
out, which is characterized by high emotional
exhaustion, high depersonalization, and a low
sense of accomplishment from work [13]. In par-
ticular, the electronic health record (technology)
is recognized as a source of burnout among phy-
sicians. For instance, in a study of residents and
teaching physicians, 37% reported at least 1
symptom of burnout with 75% associating burn-
out with the use of the EHR. Additionally, physi-
cians who used the EHR after work for more than
6 h per week were 3 times more likely to report
symptoms of burnout compared to physicians

who spent 6 h or less per week [14]. The negative
impact of the EHR on resident well-being is in
part due to the increased clerical (fasks) and doc-
umentation (organization) burden. The SEIPS
model can be used to understand how work sys-
tem factors interact and influence resident out-
comes such as burnout and learning).

We adapted a scenario from the AHRQ
(Agency for Healthcare Research and Quality)
WebM&M website (https://psnet.ahrq.gov/) to
demonstrate how work system elements can
interact and influence patient care.

A 70-year-old healthy man (person) went to a rou-
tine follow-up appointment (fask) with his primary
care doctor (person). His doctor (person) was a
third-year internal medicine resident in his final
month of training and would soon leave the institu-
tion to begin his fellowship. After a discussion
with the patient, the resident decided to screen him
for prostate cancer with the prostate-specific anti-
gen (PSA) test (person and task). In the past, the
patient’s PSA tests had always been normal. This
time, the patient’s PSA test returned and was ele-
vated at a level where cancer is almost certain
(83 ng/ml). However, the resident had completed
his training before receiving an electronic alert
(technology) about the patient’s PSA test. The
electronic alert remained unread (technology, task,
organization) as there was no system in place that
supported smooth handoffs to oncoming residents
(organization, task, person). Several months later,
the patient (person) presented with low back pain.
His new physician, another internal medicine resi-
dent (person), ordered imaging tests (fask) that
confirmed metastatic prostate cancer. While the
new resident (person) reviewed the patient’s chart
(task and technology), he uncovered the missed
follow-up for the patient’s elevated PSA.

This scenario includes several interacting
work system elements (e.g., technology and
organization) that resulted in a patient’s delayed
diagnosis of prostate cancer.

7.3  Linkage of Work System
to Patient Safety
and Medical Resident

Well-Being

One of the primary drivers of workplace reform
as it relates to resident well-being and health is
through the institution of duty hour limitations.
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This reform is largely attributed to the death of
Libby Zion, an 18-year-old woman who was
under the care of residents in a hospital emer-
gency department in New York City in 1984 [15].
Publicity from this case spurred conversations
about fatigue and patient safety issues connected
to unrestricted hours worked by residents, and
many countries began to impose work hour limi-
tations in the 1990s as a result. The European
Working Time Directive became law in 1998 and
included limiting physicians working hours to
48 h per week and limiting hours for physicians
in training [16]. Training hours in the United
States limited work hours first in 2003 [17], then
further in 2011 to a cap of 80 h per week, with the
aim of improving both patient safety and trainee
safety [18].

Measuring the impact of duty hour restrictions
has been controversial. A systematic review in
2015 on work hour restrictions found inconsis-
tent results, often with studies in direct contradic-
tion with expectations regarding patient safety
and resident well-being [19]. Since then two
large randomized controlled trials have evaluated
outcomes more extensively, randomizing trainees
to restrictive conditions under the 2011 limits vs
more flexible schedules. The FIRST trial ran-
domized 118 surgical programs and first pub-
lished results in 2015. This was followed by the
iCOMPARE trial, which randomized 63 internal
medicine residency programs. In both studies,
primary outcomes included no difference in
patient safety events between groups [20, 21] and
no significant difference in educational outcomes
between groups [22]. Residents in the iCOM-
PARE trial were more satisfied with their educa-
tional experience in the work hour restricted arm
of the study though this effect was not seen in the
FIRST trial, while program directors were more
satisfied in the flexible schedule study arm.

The exact degree of duty hour restriction nec-
essary to impact patient safety remains contro-
versial [23]. Critics of studies showing minimal
impact argue that work hour restrictions are
inconsistently applied or may not be carefully
implemented [24]. For example, limiting time at
work on duty may just shift to more work at home
when off duty, or compressing work to a nar-

rower window and leading to increased stress
[25]. Despite results of the FIRST and iCOM-
PARE trials, significant data exist to show that
extended shifts in the hospital setting can have
adverse effects on technical and cognitive perfor-
mance and lead to impairment outside the work-
place [26-28].

Work hour limitations in the EU are generally
more restrictive than in the United States yet have
led to similarly controversial results. A system-
atic review by Rodriguez-Jarefio and colleagues
[23] found that long working hours, defined by
the European Working Time Directive as more
than 48 h per week, to be associated with an
increased incidence of physician needle-stick
injuries and motor vehicle accidents. Additionally,
a study by Zahrai et al. [29] found a significant
relationship between resident hours spent in the
hospital and poor general health and physical
function. However, another study found no
improvements in resident self-reported physical
health by reducing working hours [30].

Despite these controversies, efforts should be
made to mitigate fatigue and burnout. Burnout
has been demonstrated to increase cognitive fail-
ures and difficulties with attention [31]. A sys-
tematic review demonstrated a strong connection
between poor well-being and negative patient
safety outcomes such as medical errors. This was
particularly closely linked with depression, anxi-
ety, poor quality of life, and stress, along with
moderate to high levels of burnout [32]. Growing
data on the impact of burnout on both clinical
outcomes and physician safety has led to repeated
calls for greater emphasis on addressing this
issue [33]. This is critical as it relates to training
environments for residents along with the broader
systems in which health care professionals work;
it is becoming more apparent that fatigue and
burnout is a significant safety issue for both
patients and physicians, including physicians-in-
training. Outside of duty hours, several other
work system factors can contribute to poor resi-
dent well-being, fatigue, and burnout including
training, work schedule flexibility, autonomy,
clinical experience, and supervisor behavior [34,
35]. As there are multiple, sometimes conflicting
goals, regulations on working hours as well as
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other work system factors (e.g., flexibility of
schedules, technology design, training environ-
ment) should be carefully considered in order to
mitigate negative effects on residents and patient
safety.

7.4  Challenges and Trade-Offs
in Improving Residents’

Work System

Medical residents work and learn in various care
settings and in interaction with other clinicians.
The challenge is how to optimize the work sys-
tem of medical residents, as well as the work sys-
tems of others that are involved in patient care. In
a previous section, we discussed the challenge of
designing safe and healthy work schedules for
medical residents. Some interventions aimed at
reducing work hours of medical residents have
unfortunately had negative impact on the attend-
ing physicians who supervise them: work gets
passed on from medical residents to attending
physicians who are then experiencing overload
and stress. Therefore, any intervention aimed at
improving the work system of medical residents
needs to prevent or mitigate negative conse-
quences for other health care professionals
involved in patient care.

Improving residents’ work system can be
challenging as it may lead to improvement in
some outcomes, but deterioration in other out-
comes. Myers et al. [36] assessed internal medi-
cine and general surgical residents’ attitudes
about the effects of the Accreditation Council for
General Medical Education duty hours regula-
tions effective July 1, 2003 [37]. They surveyed
111 internal medicine residents and 48 general
surgical residents from six geographically
diverse programs in the United States. The sam-
ple was limited to residents who had experienced
residency before and after implementation of the
duty hours regulations. The survey included
questions on residents’ opinions of [1] quality of
patient care and safety and [2] residency educa-
tion. Both medical and surgical residents
reported that the quality of care decreased with
continuity of care decreasing a lot. Medical resi-

dents reported a greater decrease in available
opportunities for bedside learning and teaching
than surgical residents. The authors of the study
noted that duty hours reform may lead to teach-
ing hospitals caring for the same patient volume
with fewer resident physician-hours; therefore,
intensifying the work of residents. Thus, there is
a need to optimize and improve the resident
work system to consider all outcomes, including
continuity of patient care and educational
opportunities.

Role of Residents
in Improving Their Work
System

7.5

There is a long tradition in the HFE literature and
practice of involving “workers” in work system
redesign; this is known as participatory ergonom-
ics [38]. In participatory ergonomics projects, the
“workers” participate in providing input and
ideas about how to improve tasks, technologies,
environments, organizations, and processes.
Sometimes workers are actively engaged in mak-
ing decisions about how to redesign the work
system. Participatory ergonomics projects vary
with regard to content (e.g., improving the design
of EHR technology), decision making (e.g., pro-
viding input or making decisions on process
improvement), and stage (e.g., initial analysis of
work system or implementation of redesign)
[39]. In a project aimed at enhancing family
engagement in bedside rounding in a pediatric
hospital, researchers implemented a participatory
ergonomics process in which residents along
with attending physicians, nurses, and parent
proposed and helped to implement a bundle of
interventions [40]. The interventions consisted of
a checklist of best practices for engaging families
during bedside rounding (e.g., introducing health
care team members) and training of residents in
the new rounding process. Specific elements of
the checklist (e.g., asking the family for ques-
tions, reading back orders) were related to
improvement in perceived quality and safety of
care by parents [41]. Involving residents in this
work system and process redesign was critical to
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the successful implementation of the interven-
tions as key stakeholders. In addition to involving
residents in specific improvement projects, health
care organizations have created dedicated struc-
tures to involve residents more systematically,
such as involvement of residents in safety/quality
councils [42].

The Institute of Medicine report “Resident
Duty Hours: Enhancing Sleep, Supervision,
and Safety” [43] spurred a significant change in
resident work structure. It also prompted greater
emphasis on both training and direct resident
involvement in quality improvement and patient
safety initiatives. Out of this movement, the
Accreditation Council for Graduate Medical
Education in the United States (ACGME)
drafted its Clinical Learning Environment
Review (CLER) guidelines in 2014 [44].
Included in the guidelines are requirements that
training programs integrate quality improve-
ment and patient safety training into resident
curricula and that residents should have direct
involvement in organizational quality improve-
ment projects. Hospitals and health systems
have taken a variety of strategies to fulfill this
requirement while also integrating residents
into quality improvement initiatives and work
system redesigns.

A systematic review in 2010 identified com-
ponents for a resident quality curriculum, which
should include concepts of continuous quality
improvement, root cause analysis, and systems
thinking [45]. Implementation of quality curri-
cula was well accepted and effective in improv-
ing knowledge. Further, 32% of studied curricula
(13/41) resulted in local changes in care delivery
and 17% (13/41) significantly improved target
processes of care, indicating that direct training
itself of trainees can improve the quality environ-
ment of an organization.

Several organizations have heeded the call for
resident involvement in improving their work
systems by establishing quality councils and
safety officer positions for residents and other
trainees [4]. This is a critical component to boost-
ing resident involvement in safety and quality
improvement their institutions. In the following

paragraph, we lay out a model for a resident
safety council drawing on experiences published
by several institutions in the United States and
Canada [42, 46]. Similar councils have since
demonstrated measurable improvements in
improvements in patient safety goals [47, 48].

The following should be considered when
designing and implementing a resident safety
council:

e The council should be resident led.

e Appoint a resident chair who works directly
along system administrators and other hospi-
tal groups to direct quality improvement
projects.

* Relevant subcommittees, for example,
Quality, Safety, Research, Education, each
chaired by council members can further direct
the focus of the group.

e Agendas and meeting topics are both chosen
by and presented by residents to this helps
assure that meetings remain interactive and
productive, rather than becoming a series of
lectures.

e The safety council should remain voluntary
though with an effort to establish representa-
tion from all training programs at an
institution.

* Encourage a multidisciplinary presence at
council meetings. Graduate medical education
staff, hospital administrators, representatives
from organizational QI and patient safety
departments, and patient—family representa-
tives should all be involved in meetings.

e The safety council should serve as a tool to
draw residents directly onto institutional QI
committees, such as Event Evaluation Teams,
Root Cause Analysis, Medical Records com-
mittees, and Interdisciplinary Model of Care
Committees.

Implementing a robust quality improvement
and safety curriculum supported by a resident-led
council can empower residents to implement
large-scale quality work, to engage their peers,
and help foster growth of the next generation of
leaders in patient safety.
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7.6  Conclusion

In many health care organizations, especially
academic medical centers, residents are the pri-
mary clinicians providing patient care.
Recognizing the unique needs of medical resi-
dents both in their role of delivering safe and
effective care and also in meeting their educa-
tional objectives requires a robust approach to
understand the work systems in which residents
operate. Human factors and ergonomics princi-
ples, and specifically the Systems Engineering
Initiative for Patient Safety (SEIPS) model, can
inform decisions when working to evaluate and
improve resident work systems. This is particu-
larly important when addressing patient safety
and resident well-being. As health care becomes
increasingly interconnected and reliant on multi-
disciplinary teams, it is important to consider
unanticipated consequences of changes in work
systems, particularly on how they may affect pro-
cesses and outcomes for residents, but also for all
other team members.
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