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ARTICLE INFO ABSTRACT
Keywords: Primary health care is a complex, highly personal, and non-linear process. Care is often sub-optimal and pro-
Primary care fessional burnout is high. Interventions intended to improve the situation have largely failed. This is due to a lack

Human factors

of a deep understanding of primary health care. Human Factors approaches and methods will aid in under-
Health information technology

standing the cognitive, social and technical needs of these specialties, and in designing and testing proposed
innovations. In 2012, Ben-Tzion Karsh, Ph.D., conceived a transdisciplinary conference to frame the opportu-
nities for research human factors and industrial engineering in primary care. In 2013, this conference brought
together experts in primary care and human factors to outline areas where human factors methods can be
applied. The results of this expert consensus panel highlighted four major research areas: Cognitive and social
needs, patient engagement, care of community, and integration of care. Work in these areas can inform the
design, implementation, and evaluation of innovations in Primary Care. We provide descriptions of these
research areas, highlight examples and give suggestions for future research.

1. It’s time to bring human factors to primary care policy and well! At the end of the visit, as I prepare to leave the room, she
practice mentions that she is concerned that her husband has memory loss. He
angrily denies this.
Ms. A. comes in for a scheduled 15-min visit, accompanied by her
husband. The nurse tells me that as Ms. A. was being prepared for the
visit that she broke down in tears, fearful that she would have to
leave her home due to health problems. She was recently discharged
from the hospital, but a summary of the hospital stay is not available.
She has kidney failure and is on dialysis. She also has diabetes,
limited vision, coronary artery disease, osteoarthritis and depression.
Today, she is concerned about her dizziness. She is on 8 different
medications, and I'm searching the electronic health record to figure
out when the medication doses were changed, which is not at all
clear. Also, I am running 30 minutes behind schedule already as
another patient of mine had to be sent to the hospital. As I re-order a
medication for Ms. A., a medication alert fires informing me of a
possible allergy — to a medication which she has already tolerated

The above vignette, taken from actual Family Medicine clinic visits,
is one of countless illustrations of the issues in primary care to which
human factors (HF) and related disciplines can be applied. The example
is replete with concepts amenable to HF study and intervention but
overlooked by most primary care researchers, clinicians, and policy
makers: mental workload, decision making under uncertainty and time
pressure, team communication, usability, and human-technology
interaction, to name a few. In this paper, we describe the challenges
faced by primary care, argue for the value of applying HF to primary
care, and highlight opportunities for HF researchers and practitioners.
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2. What makes primary care so challenging?

Primary care is essential for a healthy population (Starfield et al.,
2005) and is the most utilized type of care(Green et al., 2001). However,
there is general agreement that the primary care delivery system is in
deep trouble, with suboptimal care, rising levels of burnout among cli-
nicians, and no consensus on the remedy(Bodenheimer et al., 2009). The
challenge for the primary care medical specialties (General Internal
Medicine, Pediatrics and Family Medicine) is to provide “integrated,
accessible health care by clinicians who are accountable for addressing a
large majority of personal health care needs, who develop a sustained
partnership with patients, and practice in the context of family and the
community.” (Donaldson et al., 1996) Primary care is both knowledge
work and relational work and its delivery is complex. Patients present
with multiple problems at each encounter, each requiring individual
attention while considering the patient and their problems as a whole
(Beasley et al., 2004a,b) (Wetterneck et al., 2011a,b) (Fortin et al.,
2005) (Abbo et al., 2008). There is an enormous need for care coordi-
nation among members of the primary care team, i.e., physicians,
nurses, medical assistants, clerks, etc., and with other sources and set-
tings of care, for example, specialists and hospitals (Pham, O’Malley,
Bach, Saiontz-Martinez and Schrag, 2009). Information chaos (Beasley
et al., 2011a,b) increases the risk of errors, potentially leading to worse
care (Singh et al., 2013). Primary care requires intensive cognitive re-
sources to meet the demands of practice. Not supporting clinician
cognitive work poses significant patient and workforce safety risks due
to “information chaos”. (Beasley et al., 2011a,b).

Interventions to improve the situation are critically needed (Bod-
enheimer and Sinsky, 2014). Attempted interventions include the
patient-centered medical home (PCMH), quality scorecards, and the
implementation of health information technology (HIT), particularly
Electronic Health Record (EHR) systems. The effectiveness of these in-
terventions is questionable. EHRs in particular have not mitigated the
problems (Friedberg et al., 2013). The complex demands of primary care
delivery pose many hazards related to EHR use in particular, some of
which may be subtle (Sinsky and Beasley, 2013) (Stead and Lin, 2009).
Patient-centered workflows are non-linear and place special demands on
information systems such as the EHR to support care (Holman et al.,
2015). The current use of EHRs leads to disruption of “flow” and
diminished patient engagement during the encounter (Csikszentmihalyi
and LeFevre, 1989; Toll, 2012; Zheng, Haftel, Hirschl, O’Reilly and
Hanauer, 2010) (Sinsky and Beasley, 2013). Clinical decision support
functions in the EHR can produce distractions resulting in break-in-task
effects, which not only increase the potential for error but may hinder
communication and cause professional fatigue, all while failing to have
positive impact on patient outcomes(Zheng et al., 2010) (Karsh, 2009)
(Moja et al., 2014) (Chisholm et al., 2000). Moreover, the way the EHR
is typically implemented, particularly the shunting of clerical tasks to
clinicians, has increased physician work after typical work hours (Arndt
et al., 2017) and led to burnout (Shanafelt et al., 2016).

In addition to the questionable impacts on patient outcomes of
existing interventions, they have paradoxically increased the demand on
physicians’ time and attention, thus exacerbating the problems of pro-
fessional dissatisfaction and burnout(Sinsky et al., 2016) (Shanafelt
et al., 2016) (Arndt et al., 2017). We argue the main reason for these
interventions’ failure and adverse unintended consequences is they are
not informed by an in-depth understanding of the fundamental realities
of primary care(Sinsky et al., 2014). They are “solutions” that are not
based on an understanding of the problems but rather are a form of
technological determinism resulting in “technogoverance,” not higher
quality(May et al., 2006) (Rosenbaum, 2015). As we argue below, HF is
uniquely able to rectify this situation by meeting the need for an
in-depth understanding of primary care and designing solutions that are
based on such an understanding.
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3. Why does primary care delivery need human factors
approaches and methods?

To have optimal systemic change in primary care, an in-depth un-
derstanding of primary care is needed. Healthcare professionals sub-
scribe to “evidence-based medicine”, the concept that interventions to
improve patient health should be scientifically valid, rigorously
designed and tested, and found to be safe and efficacious, before being
implemented as the standard of care. The same should be demanded for
the design of our healthcare systems. As former National Academy of
Medicine Director Elias Zerhouni, MD, stated, “Without scientific
knowledge, it is hard to have a public health policy that makes sense.“
(Zerhouni, 2008) This comment also applies to primary care policy and
practice. Our national policies and more local organizational policies
require good science.

Furthermore, only recently have healthcare systems recognized the
importance of quality of working life of its professionals and the link of
system design to professional wellbeing and burnout. In contrast, worker
wellbeing has long been a fundamental concern of HF(Dul et al., 2012).
Simply put, as care delivery complexity has increased, technology de-
velopers, policy makers, and organizations have tried to redesign its
systems and processes without HF input. Suboptimal patient, organiza-
tional, and professional outcomes have resulted, for nurses as well as
physicians (Shanafelt et al., 2016; Wisner et al., 2019) (Tawfik et al.,
2018) (Han et al., 2019). HF input can improve system design and
improve outcomes. HF can help detect some subtle forms of system
design flaws such as the under-use of paper for communication and the
promotion of keyboarding for data entry by physicians (Jabr, 2013;
Muller and Oppenheimer, 2014).

HF input has been incorporated in other areas of healthcare delivery,
but to a large degree in acute care and procedure-based settings, e.g.,
hospitals, operating rooms, and anesthesia procedures. Primary care has
had less attention from HF, despite a unique match between HF and the
needs and complexity of primary care. HF offers the tools, methods, and
theories to develop an in-depth understanding of primary care to char-
acterize the cognitive and relational processes, the real problems, to
shape appropriate solutions, and evaluate them for efficacy in the lab
and for effectiveness and adverse effects in the real world of practice. A
recent review summarizes the potential for HF in health care, albeit with
a focus on patient safety (Carayon et al., 2018).

As an example of a potential HF approach to design for clinical de-
cision making, we would highlight the need to understand the basic
cognitive processes involved in patient care. Specifically, to provide
good, efficient and safe care for patients requires the establishment of
Situation Awareness (SA), which consists of understanding what is
happening (e.g. data such as what the vital signs are), comprehending
the meaning of the data (e.g. assessing if the data deviations are sig-
nificant), and projecting the future status of the situation (e.g. “Is the
heart failure getting worse?*) (Endsley and Jones, 2004). Using HF to
analyze cognitive work will lead to strategies to aid in the establishment
of effective situation awareness by designing interventions (technical or
social) that are effective in reducing the information chaos, decreasing
workload and improving safety (Beasley et al., 2011a,b).

Developing an in-depth understanding of primary care delivery re-
quires a multifaceted skillset matching the complexity of primary care —
capable of delineating its clinical and social demands (Wetterneck et al.,
2011a,b) (Wetterneck et al., 2011a,b), the cognitive (knowledge) work
(Drucker, 1959) and workflow (technical work) (Barley and Orr, 1997)
of patient encounters(Wetterneck et al., 2011a,b). Primary care must
partner with experts on systems in which people, technology, process,
and organizations intersect(Beasley et al., 2011a,b) (Holman et al.,
2015) (Scott et al., 2008). These experts are found in the field of HF.

4. Human factors, systems engineering and primary care

Industrial and Systems Engineering (ISyE) is a field “concerned with
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the design, improvement and installation of integrated systems of peo-
ple, materials, information, equipment and energy”. ISyE is divided into
several areas, and here we emphasize HF, a sub-discipline of ISyE as well
as psychology. HF is of particular relevance to improving primary care
delivery because it is human-centered, systems-oriented, and encom-
passes three domains of system design: physical, cognitive, and
organizational.

HF’s systems-oriented philosophy states that systems must be
designed to support the work of people, rather than designing systems to
which people must adapt. This philosophy, along with allied research in,
e.g., macrocognition, decision making, and distributed cognition, has
been useful in other complex systems such as aviation, nuclear power,
and the military (Klein et al., 2001) (Norman, 1988) (Endsley and Jones,
2004). Applied with the input of clinicians, staff, patients, and other
stakeholders, HF can guide research, policy, technology development,
and system implementation to improve the safety and efficiency of
primary care delivery for patients and their caregiver teams. The op-
portunities for improving primary care are immense — but if, and only if,
the interventions are designed based on an in-depth understanding of
primary care delivery and are tested for effectiveness and unintended
consequences. We describe one transdisciplinary initiative to move in
this direction.

5. The International Collaborative to improve primary care
through Industrial and Systems Engineering (I-PrACTISE)

In 2000, ISyE experts started working with primary care clinicians as
a transdisciplinary research team under the leadership of the late Ben-
Tzion Karsh, PhD. At the outset of this transdisciplinary work using
HF to understand primary care, initial studies focused on factors
impacting workforce satisfaction and commitment to the organization
(Beasley et al., 2005; Karsh et al., 2010a,b), medical error reporting
(Beasley et al., 2004a,b; Karsh et al., 2006), and the impact of tech-
nology use (Karsh et al., 2004) (Karsh et al., 2010a,b). The focus then
shifted to research intended to lead to a better understanding of the
nature of the work of primary care (Beasley et al., 2011a,b; Holman
etal., 2015; Wetterneck et al., 2011a,b). Two textbook chapters resulted
(Beasley et al., 2006; Wetterneck et al., 2011a,b).

Dr. Karsh conceived the idea of a transdisciplinary conference
bringing together primary care and HF experts but died in 2012 before
the conference was held. Through support from the Agency for
Healthcare Research and Quality (AHRQ) the International Collabora-
tive to Improve Primary Care Through Industrial and Systems Engi-
neering (I-PrACTISE), was formed to continue the work (I-PrACTISE,
2016).

The first I-PrACTISE conference in April 2013 focused on defining
critical areas of investigation for ISyE and HF. Seven workgroups,
forming expert consensus panels, were organized around the principles
of the Patient Centered Medical Home: Team-Based Care, Coordination
and Integration, Health Information Technology (HIT) (Registries and
Exchanges), HIT (Clinical Decision Support and Electronic Health Re-
cords), Patient Engagement, Access and Scheduling, and Addressing All
Health Needs. These groups: (A) Explored critical issues from a primary
care perspective and ISyE and HF tools and methods that could address
these issues; (B) Generated potential research questions; and (C)
Described methods and resources, including other collaborations,
needed to conduct this research. A qualitative summary of the group
discussions resulted in 118 unique ideas and more than 60 research
questions. Most ideas aligned along two dimensions - System Design
Factors and Problems and Issues in Primary Care.

Problems and Issues in Primary Care for research:
Cognitive needs

Patient and family engagement
Care of community
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Integration and transitions of care
System Design Issues —Three general categories were identified:

Teams and workload distribution
Technology
Policy (governmental and healthcare organizations)

Examples of these, generated by the workgroups, are provided in the
text below. Details are available in the I-PrACTISE white paper (Beasley
et al., 2013).

6. Opportunities for HF research and application in primary care

Below, we list specific examples, drawn from the expert consensus
panels of the 2013 I-PrACTISE conference and resulting White Paper. We
identified four Problems and Issues in Primary Care for research either
have been or should be addressed across each level of system design
(team, technology, policy). This is by no means an exhaustive list and
the entries are not mutually exclusive; some overlap is to be expected.

7. Cognitive needs
7.1. Cognitive needs: teams

Team cognition and the resulting team situation awareness (SA) are
critical for good, personalized care as well as workforce satisfaction. As
teams get larger and communication is more electronic and less face-to-
face, issues of the quality of care arise (Mundt et al., 2015, 2016). As one
example, HF can help design systems around the need for team cognition
using strategies such as Goal Directed Task Analysis (GDTA). GDTA is a
technique for determining cognitive work requirements and is specif-
ically designed to study complex cognitive work, including in aviation
and the military (Endsley and Jones, 2004). Applied to primary care,
GDTA can provide a map of the cognitive work requirements for in-
dividuals and teams in this setting to improve the design of the EHR.
GDTA focuses on the goals of the care process rather than the specific
tasks and is grounded to the cognition needed to establish situation
awareness. Future work could address optimal means of communication
for team members, and the best ways to support this. (e.g. What archi-
tectural changes can best support verbal communication’ what is the
appropriate use of both electronic and non-electronic communication?)

7.2. Cognitive needs: technology

Displays and screens of patient information need significant
improvement. Some medication lists are shown in ways that make
assessment of when or why a medication was changed very difficult.
There are far better ways to present data to assist in the cognition that
supports the development of SA and clinical performance (Belden et al.,
2014). One aspect of technology use includes when to not use it. For
example, there is evidence that using a keyboard to record information
leads to less effective understanding than hand-writing notes and in-
formation is sometimes better transmitted using paper rather than
screens (Muller and Oppenheimer, 2014) (Jabr, 2013). As noted above,
the HF technique of GDTA can inform technology design and use. In the
vignette above, the poor display of the medication list caused increased
mental workload and increased the chance of error, and the clinical
decision support (the allergy alert) was not helpful and added distrac-
tion. Future work could involve more laboratory and real-word testing
of display modalities to better support the development of team SA and
communication.

7.3. Cognitive needs: policy

Current governmental and institutional policies may require input
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that is of little use but of significant burden to clinicians in the practice
setting. These rules may require extensive, but cognitively useless,
procedures and documentation (Holman et al., 2018) (Downing et al.,
2018). HF can provide guidance about which information is actually
needed to support SA and promote efficiency. Future work with HF can
help policy makers and organizational leaders to prioritize system
design and implementation so that care is improved without being a
burden on clinicians and other team members (Cook, 2005).

8. Patient and family engagement
8.1. Patient and family engagement: team

Appropriate HF guided applications of Health Information Tech-
nology (HIT) can make it easier for all team members, including those
off-site, to have available the basic knowledge that is necessary for
relating to the patient — age, family members, medical history. HF can
help to balance the need for specific data (e.g. the blood pressure) and
the opportunities for autonomy in their interaction with the patient. If
policy makers (above) require team members to complete low-value
data entry (e.g., “the patient’s pain score”) open-ended dialogue may
suffer. In the vignette above, the ability of the nurse to engage in open-
ended dialogue is critical for the clinician to be able to address the pa-
tient’s most pressing issue. However, the lack of adequate pre-visit
planning resulted in the issue of the husband’s memory loss coming
up at the last moment, making it much more difficult to address. Future
work can highlight the best ways for primary care systems to use (or not
use) technology to support team and family engagement.

8.2. Patient and family engagement: technology

The appropriate use of HIT in the patient interaction can be
improved through good HF research. Evidence shows that when the
screen is shared the EHR can become a bridge rather than a barricade
(Sinsky and Beasley, 2013) (Patel et al., 2017) (Weiler et al., 2018).
Patient portals provide easier access for some patients, but paradoxically
may increase the in-clinic workload (Bavafa et al., 2017). Future HF
work can help design, study and monitor technological interventions for
unintended side effects and mitigate them.

8.3. Patient and family engagement: policy

It is clear that institutional policies can impact patient engagement if,
for example, they require excessive attention to the EHR or demand rote
protocols to be executed by support staff. HF can help inform Institu-
tional policies that help the clinician dis-engage from the screen (e.g.,
less ordering and clerical tasks) including scribes and clinical coaches
and/or dictation in the presence of the patient. This can help the clini-
cian engage more fully with the patient(Sinsky and Beasley, 2013) (Asan
et al., 2014) (Montague and Asan, 2012) (Beasley and Danford, 2015).
Future work can provide a HF informed understanding of the impact of
policies on patient and family engagement will help design appropriate
solutions.

9. Care of community
9.1. Care of community: team

HF can define the requirements for information about the needs of
the population served, and the community resources available to a clinic
to help the team provide better care. In the vignette above, the avail-
ability of home health resources could help the patient meet her goal of
staying at home. Additionally, the clinical team itself can be considered
as a community, and effective communication based on HF principles
will facilitate care (Mundt et al., 2015) (Mundt and Zakletskaia, 2016).
(See also below.) Future HF work will help design systems to foster team
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cohesiveness and promote both better outcomes and work force
satisfaction.

9.2. Care of community: technology

The use of population-based medicine can be facilitated by well-
designed HIT systems. A notable example of this is the use of EHR da-
tabases by a pediatrician in Flint, Michigan who noticed an increasing
incidence in lead exposure among her patients (Gomez et al., 2018).
Future work with experts in data analysis can help identify “hot spots” in
patient care and give direction as to ways to address these.

9.3. Care of community: policy

The PCMH was proposed to be a way to improve the quality of care
for individuals and communities.(Agency for Healthcare Research &
Quality) Unfortunately, the evidence that PCMH implementation really
improves outcomes is not entirely clear(Shi et al., 2015). While the
PCMH model provides a list of system elements needed for optimal care,
organizations that simply show evidence of these system elements
without integrating them together into care processes have not realized
true care transformation and improvement in patient outcomes. Inte-
gration and change are not easy. Future HF work will help to inform
policy makers as to the opportunities and roadblocks to community care
— and help to avoid pitfalls associated with poorly designed and evalu-
ated policies.

10. Integration and transitions of care
10.1. Integration and transitions of care: team

Team work is complex and the need for communication is para-
mount. Appropriate use of technology may help with this. (Coleman
et al., 2003; Hesselink et al., 2012) However, there can be adverse
consequences if electronic communication pushes out verbal, face-to
face communication including time consuming asynchronous elec-
tronic communication. In many situations ‘“synchronous analogue
communication” - to wit, talking together - may improve outcomes
(Hess et al., 2010) (Mundt et al., 2016) (Mundt and Swedlund, 2016).
Attention to designing clinics to facilitate team dialogue (co-location)
will help (Sinsky et al., 2013). Future HF work can better inform the
design of systems to integrate care.

10.2. Integration and transitions of care: technology

The change in care patterns from the days when one physician cared
for his/her patients in all settings (office, hospital, nursing home) to the
evolving model of physicians working in just one care setting (e.g., the
office or hospital) has increased the need for effective communication
across these transitions of care. Information chaos reigns supreme in
transitions. Information is missing due to the lack of interoperability
between different EHRs. Inadequate summarization of key issues and
handoffs of this information to the correct people is a recurrent theme
among frustrated clinicians. Designing EHR systems to assure effective
interoperability is a critical need. (Lane et al., 2018). Future work using
HF methods lead to better design (and use) of technology to decrease the
risks associated with transitions while improving the quality of care.

10.3. Integration and transitions of care: policy

Transitions of care can be hazardous as not only is factual informa-
tion lost but nuances valuable to establishing the primary care clini-
cian’s SA may be missing. HF can help to define what the clinicians’
cognitive needs are and the best ways to communicate when transitions
of care occur. The communications can be electronic, on paper or verbal,
but they must occur and be appropriate to the situation. As noted above,
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verbal dyadic communication should be facilitated. Policies that lead to
the collection of low-value data can make integration of data and
accessing data more difficult (Holman et al., 2018). Future HF research
can help policy makers balance the need for quantitative information
with more nuanced qualitative and relational information.

11. Discussion and conclusions

We have highlighted the need to have an in-depth understanding,
informed by HF, of the organizational, social, cognitive, and physical
elements of primary care systems. In addition to the opportunities
identified during the 2013 expert consensus conference, HF has the
opportunity to guide the applications of newer technologies within
primary care. For example, there has been increasing interest in
applying machine learning and augmented intelligence to primary care.
There is a pressing need for HF researchers joined with primary care
experts to guide these efforts. Issues of model explanation and inter-
pretability are perhaps the most pressing, as they impact physician trust
and acceptance of these tools (Miotto et al., 2018). Additionally, there is
the classic issue of automation: If decision making is passed to auto-
mated systems how do we design systems that facilitate higher-level
thought and management of patients in primary care? Moreover, addi-
tional sources of important clinical data include systems for remote
sensing and transmission of patient data (Cornet and Holden, 2018).
These data can be acted on either directly or with the help of augmented
intelligence.

Attention to the above system design issues as applied to the prob-
lems in primary care will be a useful approach to improving care out-
comes for patients and healthcare teams alike. We propose that ISyE
and, in particular HF, are essential disciplines to help to accomplish this.
This is transdisciplinary work, utilizing expertise from the primary care
specialties as well as ISyE and HF. Other disciplines can, and should, be
involved (e.g. nursing, pharmacy, anthropology, communications, and
more). We recommend that institutions expand upon the work of I-
PrACTISE colleagues and develop formal collaborations both at local
institutions and nationally. These collaborations should develop formal
educational contacts with legislators, healthcare organizations (policies
and the implementation of technology), schools (education of HF re-
searchers), and clinicians (appropriate use of technology). The appli-
cation of HF to primary care will improve patient outcomes while
reducing the problems that clinicians and their teams face.

11.1. The vignette revisited after HF-designed system improvement

MS A. comes in for a scheduled 30-min visit, accompanied by her
husband. She was recently hospitalized, and I had the chance to
communicate with the physicians caring for her multiple times
during her stay and at discharge. I gave input on needed medication
changes to address her problems based on knowledge of her past
treatment plans and medication use over the past 30 years. The brief
hospital discharge summary was viewable on the day of discharge
and my nurse called the patient at home to check in and set the
agenda for today’s visit. After the call we huddled and, knowing that
she was fearful about leaving her home, we extended her appoint-
ment time with me and arranged to have our nurse case manager in
clinic see her as well, who has seen her in the past. In addition, the
nurse scheduled an appointment for her husband for the following
week because of concerns of mild memory loss, noting that he was
due for his 6 month check anyway. Because I had another patient
emergency to take care of, I saw Ms. A briefly and gave a warm
handoff to my nurse case manager while I finished up with the pa-
tient emergency. Afterwards when I saw Ms. A, my Medical Assistant
accompanied me during the visit. She was also involved with nurse
case manager visit and shared information about what was shared
during that time. I had all the information I needed about her
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hospitalization and it was clear which medications were changed,
added and stopped. When Ms. A mentioned mild dizziness I was able
to attribute this to a new medication trial and we stopped this
medication and started an alternative that the cardiologist in the
hospital had recommended in the event that she needed to change
medications.
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