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Human Factors and Ergonomics 1

1 Introduction

Human Factors and Ergonomics (HFE) is about designing work systems that
support people and enhance both system performance and human well-being.
The International Ergonomics Association (IEA) defines HFE as ‘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 optimise human well-being and overall
system performance”.’
Three features of this definition can be highlighted.

(1) HFE is based on a systems approach. This recognises that outcomes in
complex settings like healthcare rarely stem from a single cause, but instead
emerge from the dynamic interactions between people, tasks, technologies,
physical spaces, organisational structures, and wider regulatory, socioeco-
nomic, and political environments.” Accordingly, HFE provides a scientific
foundation for understanding how these interactions shape work and pro-
duce outcomes.

(2) HFE is a profession that is practice-oriented, seeking to apply foundational
knowledge to the design of work systems.

(3) HFE seeks to influence a broad range of outcomes, including safety,
efficiency, usability, and well-being.

Although HFE originated in military, aviation, and industrial settings, its core
concerns — issues such as system design, workflows, the design of work environ-
ments, and human well-being — are now increasingly recognised as important to
healthcare. However, despite growing interest, HFE remains only partially under-
stood in healthcare, where it is often narrowly associated with teamwork or
aviation-style training,” and its practical application may be misunderstood or
misrepresented.” HFE is not about finding ‘the human factor’ as the cause of
accidents, nor is it limited to individual performance or ‘non-technical skills’.
To show how HFE has evolved into the discipline and practice it is today,
Section 2 outlines its historical development and introduces key models and
methods that have shaped the field. Section 3 then presents examples of how
HFE thinking has been applied in healthcare. Section 4 provides a critical
reflection on the current status of HFE in healthcare, including its limitations
and potential, while Section 5 offers an outlook on future directions for the field.

2 What Do We Mean by Human Factors and Ergonomics?

The IEA definition, adopted in 2000, provides a strong description of HFE,
but several other definitions exist. Almost from the outset, there has been
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considerable debate about what HFE stands for and how it should be defined. This
debate continues as new problems emerge and as the discipline — and its scholars
and practitioners — continue to adapt, reflect, and redefine their roles.

To clarify what HFE can offer, it is helpful to look briefly at its evolution from
its origins during the wartime period of the early 1940s, before turning to its
application in healthcare and some of the main models and methods used in this
domain.

2.1 The Origins of Human Factors and Ergonomics

The discipline of HFE emerged from practical military problems experienced
during the Second World War.” During this period, people had to manage more
extreme environments and increasingly complex technologies and communica-
tion systems. Numerous incidents were attributed to human error, most notably
in military aviation, where several aircraft crashed as pilots were struggling
with fatigue, lack of adequate oxygen supply, and poorly designed cockpit
layouts.

A well-known early example of HFE design thinking is the work of Paul Fitts
and Alphonse Chapanis on B-17 and B-25 landing accidents. Pilots were
mistakenly retracting the landing gear instead of lowering the flaps — initially
labelled ‘pilot error’. Fitts and Chapanis interviewed pilots and examined the
cockpit. They recognised that the two controls were identical in shape and
placed side by side, making confusion likely under stress. Their simple redesign
using shape coding, in this instance a wheel-shaped knob for the gear and
a wing-shaped one for the flaps, eliminated these errors almost immediately,
reframing ‘human error’ as a design problem.

Patrick Waterson describes the history of HFE in the UK by chronicling the
development of the Ergonomics Research Society (ERS), now the Chartered
Institute of Ergonomics and Human Factors.®™ As in the US, several research
institutes in the UK supported wartime efforts through improved design of
equipment and controls. These include, for example, the Royal Air Force
Physiological Laboratory (later the Institute of Aviation Medicine), the
Cambridge Psychological Laboratory, the Medical Research Council Applied
Psychology Unit, and the School of Anatomy at Oxford University. Their work
on issues such as pilot fatigue and pilot error, radar operator effectiveness, and
visual perception under stress led to improvements in control layouts, anatom-
ically appropriate seat design for combat, and protective equipment.

The term ‘ergonomics’ is usually credited to Hywel Murrell, a psychologist at
the Admiralty Naval Motion Study Unit. In 1949, Murrell convened a meeting
of like-minded individuals to discuss the formation of a forum to exchange ideas
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and expertise between the disciplines that had contributed to enhanced human
performance during the wartime period. Initially, these disciplines were anat-
omy, physiology, and psychology. The meeting led to the adoption of the term
‘ergonomics’ and the establishment of the ERS as a formal community through
which to develop foundational knowledge.

From the outset, it was challenging to define exactly what ergonomics was,
and debate within the ERS and the wider ergonomics community about the
scope of the discipline has persisted. Over the decades, the HFE community has
had to adapt to technological and societal change in order to remain relevant.
The wartime focus on relatively clearly defined, often manual, tasks shifted
considerably during the 1960s with large-scale automation, and then again
during the 1970s with the rise of business and office computing technologies.
Issues of industrial ergonomics and safety-critical systems — such as nuclear
power plant control room design — became increasingly important. This was
accompanied by a move towards cognitive ergonomics and the notion of joint
cognitive systems and cognitive systems engineering, i.e. the consideration of
how people and computing technologies work together to carry out cognitive
functions, with cognition distributed across people, tools, and environments.’
Major accidents, such as the 1986 Chernobyl disaster, further broadened the
scope to include (safety) cultures and organisational structures.'*""

HFE has always been multidisciplinary, drawing on fields such as anatomy,
physiology, and psychology, and later industrial design, systems engineering,
computer science, cognitive science, organisational sociology, and public
health. Over time, specialisms — such as human—computer interaction and
user experience design — have emerged, making it hard to draw clearly defined
boundaries around HFE.

In its early years, HFE and the ERS in the UK were regarded primarily as an
academic field and a forum for bringing together different disciplines, rather
than as a professional practice. Over time, tensions emerged between these
multidisciplinary roots and the growing need for consistent, applied profes-
sional work. These tensions helped drive the development of HFE as a defined
profession. In 1977, the ERS reflected this shift by changing its name to the
Ergonomics Society, dropping the explicit focus on research. In 2009, the name
changed again, this time to the Institute of Ergonomics and Human Factors, in
part to reflect international usage of the term ‘human factors’. In 2014, the
institute was awarded a royal charter and became the Chartered Institute of
Ergonomics and Human Factors. Today, around 600 chartered ergonomists are
registered.

This institutional development reflects a broader maturation of the field, from
a multidisciplinary forum towards a defined profession with a shared set of
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principles and practices. While the debate continues about the scope of HFE
and the relationship between foundational research and applied practice, there is
consensus about its core tenets. HFE practice is fundamentally about designing
sociotechnical systems and should always:

(1) take a systems approach

(2) aim to design interactions

(3) focus on two closely related outcomes, that is, system performance and
human well-being.

With these historical roots and disciplinary foundations in mind, the next
section explores how HFE has evolved within, and has been applied to, the
healthcare domain.

2.2 Healthcare Human Factors and Ergonomics

As discussed in the previous section, HFE is fundamentally concerned with the
design of interactions in sociotechnical systems to enhance system performance
and human well-being. Healthcare presents a compelling but complex setting
for the application of HFE approaches.

2.2.1 Physical Ergonomics

One of the early areas where HFE was applied in healthcare was physical
ergonomics during the 1990s, particularly in the design of buildings, equip-
ment, and systems to prevent musculoskeletal disorders among healthcare
workers.'? Work in operating theatres, midwifery, physiotherapy, radiog-
raphy, and ambulance services is often repetitive, requires similar movements
and postures for extended periods of time, and frequently involves lifting
heavy loads. In nursing and allied health professions, manual patient handling
represents a major musculoskeletal risk, and the application of physical
ergonomics has been shown to be an effective approach for assessing and
mitigating such risks."’

Posture analysis studies using HFE techniques, such as Rapid Upper Limb
Assessment (RULA) and Rapid Entire Body Assessment (REBA), have shown
how patient-handling tasks are associated with high rates of harmful postures,
particularly when staff are unable to modify their environment or the patient’s
position.'* Reviews of the literature highlighted the limited value of traditional
manual handling education alone, which has little long-term impact on injury
rates.'>' Instead, multifactorial interventions that combine equipment provi-
sion, risk assessment, redesign of the work environment, and changes to work
organisation — alongside training — are most likely to succeed.'”


https://doi.org/10.1017/9781047755993

https://doi.org/10.1017/9781047755993 Published online by Cambridge University Press

Human Factors and Ergonomics 5

2.2.2 Usability of Medical Devices and Health Information Technology

In parallel, the 1990s and 2000s saw increasing attention to HFE in the design
and use of medical devices and health information technology (IT), particularly
around usability and patient safety. Studies demonstrated that technologies,
such as computerised physician order entry systems, barcoded medication
administration systems, and electronic health records, could introduce unantici-
pated consequences and new types of errors.'”*'® These systems have also been
associated with increased staff fatigue and cognitive burden.'’

The medical device industry is subject to extensive regulation, and the
application of usability engineering principles is supported by dedicated stand-
ards. IEC 62366 (Medical Devices — Application of Usability Engineering to
Medical Devices), first published in 2007 and revised in 2015, sets out processes
for applying usability engineering to medical devices. More generally, ISO
92411-11 (Ergonomics of Human—System Interaction) defines usability as the
‘extent to which a system, product or service can be used by specified users to
achieve specified goals with effectiveness, efficiency and satisfaction in
a specified context of use’. Usability, therefore, is clearly set out as an attribute
of a particular situation, rather than as a characteristic of the product (e.g.
a medical device) by itself — again, highlighting the HFE principle of focusing
on interactions.

While usability remains central in the design of medical devices and health
IT, modern applications of HFE typically extend beyond this to consider the
diversity of deployment contexts and the dynamic nature of healthcare. The
context of use often differs from what was assumed during design (work-as-
imagined), and attention must be paid to how people interact with the technol-
ogy on a day-to-day basis (work-as-done): for example, through enabling staff

. 20,21
to report and discuss necessary workarounds.”™

2.2.3 Teamwork and Non-Technical Skills Training

HFE in healthcare is often equated with teamwork and non-technical skills
training to address communication failures, decision-making under pressure,
and coordination in high-stakes environments. This strand of HFE was heavily
influenced by aviation, particularly Crew Resource Management (CRM), which
was adapted for healthcare, especially in anaesthesia and critical care.”> CRM-
style training approaches, such as Team Strategies and Tools to Enhance
Performance and Patient Safety (TeamSTEPPS),” have been shown to improve
teamwork behaviours and key processes.

However, training in isolation is reductionist and limiting, considering that in
aviation and other industries, teamwork training is only one aspect of wider
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human factors integration.”* A systems-oriented HFE perspective views team-
work as an emergent outcome of interactions of the elements of a work system,
rather than as a set of skills residing within individuals.' For example, effective
layout of workspaces can enable communication through shared spaces or
reduce the need for unnecessary communication (e.g. having a clear line of
sight to shared information), thereby reducing interruptions.

2.2.4 Accident Models and Contributory Factors Frameworks

The mainstream patient safety movement gained momentum around the turn
of the millennium, catalysed by the influential Institute of Medicine report
“To err is human’.” The report helped shift the dominant view of safety from
one focused on human error and individual blame to one that emphasised
system failures and contributory factors. Psychologist James Reason’s work
was central to this transformation.

Reason’s Swiss cheese model offered a compelling graphical explanation
of how accidents arise from multiple interacting failures, both at the sharp end
(unsafe acts), as well as at the so-called blunt end (latent conditions).'" Reason
argued that an effective safety management strategy should improve the condi-
tions under which people work, rather than trying to ‘fix’ the human condition,
that is, get people to make fewer errors.”’

The hierarchy of controls approach provides a simple classification of safety
barriers and risk controls based on their perceived strength, with design-based
controls considered stronger than behaviour-based controls. Hazards should be
eliminated or substituted where possible, followed by engineering controls,
and then consideration of policies, work instructions, and personal protective
equipment. Direct transfer of a hierarchy of risk controls from safety-critical
industries to healthcare is, however, not necessarily appropriate in every
context.”®

Reason’s ideas inspired the development of structured methods for under-
standing contributory factors in healthcare, such as the London Protocol
(a method of investigating clinical incidents in healthcare).? It also encouraged
the widespread adoption of incident-reporting systems, such as the National
Reporting and Learning System (NRLS) and the Learning from Patient Safety
Events Service (LfPSE) in the National Health Service (NHS).*’

2.2.5 Safety Culture

Reason’s approach to safety management is underpinned by the concept of
safety culture, which includes the interrelated notions of reporting culture, just
culture, flexible culture, and learning culture.'’ Healthcare organisations and
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regulators have adopted these ideas to foster incident-reporting, learning from
failures and leadership commitment to safety. This is often supported by
quantitative or semi-quantitative safety culture assessment tools, such as the
Safety Attitudes Questionnaire (SAQ) or the Manchester Patient Safety
Assessment Framework (MaPSaF).*'*?

There are, however, important limitations to treating safety culture as a single
organisational attribute that can be measured or changed through top-down
programmes.”> Healthcare organisations typically contain multiple professional
and departmental subcultures, and culture is expressed in everyday work prac-
tices and relationships, as much as in formal statements of values. As a result,
culture-change initiatives often have slow and uneven effects, and the evidence
linking them directly to improvements in patient safety remains limited.*

Alongside these debates, the concept of restorative practice — for example, as

34,35
435 Harm

part of restorative just culture — has received increased attention.
from a patient safety incident can be aggravated by an organisation’s inappro-
priate or exclusionary response. Restorative practice focuses on the healing and

repair of relationships following patient safety incidents.

2.2.6 Complex Systems Frameworks

As the Swiss cheese model began to shape thinking about patient safety in
healthcare, this period also saw more explicit interdisciplinary efforts to design
safer healthcare systems, shaped by an emerging understanding of complexity,
interdependence, and the importance of HFE, as well as other disciplines such
as design.*®

The growing recognition of the intricate and dynamic nature of healthcare
systems has led to the adoption of systems approaches for improving the quality
and safety of care. One such systems approach is the Systems Engineering
Initiative for Patient Safety (SEIPS) model, which focuses on interactions
between people, tasks, tools, and technologies, and the physical, organisational,
and wider socioeconomic and regulatory environments.*”-**

Another example is resilient healthcare,”” which builds on principles of resili-
ence engineering.*” Resilience engineering highlights that risks can arise not only
from potential failures of individual system elements but also from the structure
and interconnectedness of the systems themselves. Resilience has been defined as
the ability to succeed under varying conditions, focussing on how people and
organisations adapt to complexity and uncertainty in real-world settings.*' The

s . ey s . 42.43
concept of resilience includes four core abilities, or resilience potentials:™

(1) monitoring
(2) responding
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(3) anticipating
(4) learning.

In healthcare, this has been interpreted as the ability to adapt to challenges and
changes across different levels of a system in order to maintain high-quality
care.*

This perspective shifts attention from traditional safety strategies focused on
preventing failure (e.g. barriers and defences) to a more proactive orientation
centred on enabling adaptive capacity. The Safety-II perspective was introduced
to clarify this distinction — contrasting with the conventional Safety-I approach,
which focuses on what goes wrong — with a view that also considers why things
go right under varying conditions.”> While resilient healthcare and Safety-II
approaches have been met with enthusiasm by many working in patient safety,

their practical application remains a work in progress.***’

2.2.7 NHS Policy Developments

In the NHS in England, patient safety policy has increasingly embraced
systems thinking and HFE principles to better focus on whole-system design,
collaborative learning, and compassionate support for patients, carers, and
staff.*® The NHS Patient Safety Strategy comprises several interlinked com-
ponents, including the national Patient Safety Syllabus and the Patient Safety
Incident Response Framework (PSIRF).***

Introduced in 2022 to replace the Serious Incident Framework, PSIRF was
developed in response to longstanding concerns about the limitations of trad-
itional root cause analysis in healthcare safety investigations.’>>' In contrast,
PSIRF encourages the use of systems-based approaches, such as SEIPS, to
guide patient safety incident response. It also places emphasis on compassionate
engagement with those affected by patient safety incidents and on reducing
compounded harm from the learning response itself.

2.2.8 Healthcare Al

As health systems respond to demographic changes and economic pressures,
one of the most significant recent developments is the rapid integration of
artificial intelligence (AI).”> This creates both challenges and opportunities
for HFE, particularly under the umbrella of human-centred (healthcare) AL >

The dominant design paradigm has often been Al-centric, aiming to develop
Al models that outperform humans in tasks traditionally performed by people.”
Examples range from image-analysis algorithms to systems detecting cardiac

arrest from emergency calls or performing well on medical examinations.’®>"
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These Al systems are typically evaluated based on retrospective algorithmic
accuracy, with currently far fewer studies examining how Al performs once
embedded in the realities of clinical practice.®

This is problematic because the performance, usability, and safety of Al
technologies can only reliably be assessed in real-world settings, where inter-
actions between people, tasks, technology, and environments shape outcomes. '
For example, autonomous devices such as Al-supported infusion pumps may
free clinicians for direct patient care, but they may also shift roles towards
remote monitoring and supervision, potentially distancing staff from patients.®*

In recognition of these challenges, CIEHF (Chartered Institute of Ergonomics
and Human Factors) published a white paper on ‘Human Factors and Ergonomics
in Healthcare AI’, which sets out a systems-based HFE vision for healthcare AL’
It addresses a range of critical issues, including situation awareness, impact on
workload, reliance on Al technology, explanation and trust, human—Al teaming,
stakeholder training, the impact on relationships between people, and the ethical
dimensions of Al integration.®* As Al becomes increasingly embedded in health-
care, sustained HFE involvement will be essential to ensure these technologies
are usable, ethical, and aligned with the realities of clinical work.

2.2.9 Summary

In summary, the breadth of models and methods means there is no single
HFE approach — rather the discipline represents a diverse and evolving set of
practices informed by insights from multiple fields. What distinguishes HFE,
as reflected in the IEA definition, is the explicit consideration of context, the
focus on understanding and designing interactions, and the aim of improving
system performance and human well-being. Emerging challenges, such as
the growing integration of Al into sociotechnical systems, will continue to
test and expand the boundaries of HFE, particularly in relation to ethics,
trust, and value alignment. These core principles, however, remain a vital
foundation.

3 Human Factors and Ergonomics in Action

HFE is a practical discipline in which professionals and practitioners apply
scientific evidence and system-based methods to improve the everyday prob-
lems experienced by people. In healthcare, a 2020 publication estimated that
there were fewer than five professionally qualified HFE specialists employed
across NHS Trusts — approximately one per 300,000 staff.”> Although some
additional posts have since been created, overall HFE capacity in the NHS
remains very small.
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As noted, much of the recorded HFE work in healthcare starts around the
1990s, with rapid growth since then in both research and practice. This section
describes selected examples of healthcare HFE from the 1990s to the
present day. Each example gives an insight into the problem, approach, and
output of the HFE work. The examples have been selected to illustrate how HFE
is used to analyse and design different types of interactions in healthcare, such
as between people and their physical environment, between users and medical
devices, or between clinical teams and organisational systems.

3.1 HFE Approaches to the Design
of Clinical Environments

Early applications of HFE in healthcare focused on physical ergonomics and
the design of clinical environments. Healthcare spaces are often inherited rather
than purpose-designed, and staff have limited ability to modify them in the
context of their work. Poorly designed environments can create avoidable risks
and hidden costs, while HFE can provide evidence to support redesign and
business cases for change.®

3.1.1 The Problem

National design guidance for healthcare space requirements was not always
aligned with the realities of clinical work. Evidence was needed to specify
functional space requirements for activities in areas such as critical care and
neonatal intensive care.®’

3.1.2 The Approach

Over more than two decades, Hignett and colleagues developed and applied
a five-step protocol using a multi-method HFE approach to inform national
guidance on functional space.®® ‘Functional space’ refers to the size of area
required for completion of functional activities relative to the people, tasks, and
equipment required.

The five-step protocol provides a useful illustration of typical HFE profes-
sional practice:

Step 1 — define an example for testing taken from either existing guidelines
or real-life examples with differing dimensions and layout. This will
provide a ‘real-life’ layout mock-up for testing.

Step 2 — use observations and create a hierarchical task analysis and link
analysis to record and develop a representative scenario to test, based
on the frequency or criticality of tasks.
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Step 3 — conduct functional space experiments using the outputs from steps 1
and 2 to evaluate the functional requirements. Functional require-
ments include the number of staff, equipment required and space
occupied.

Step 4 — consider additional requirements, for example, storage, family rooms,
and national recommendations.

Step 5 —use steps 14 to test the special dimensions to support changes to work
practices or the introduction of equipment or technology.

Two fundamental HFE methods are mentioned as part of this approach: hier-
archical task analysis and link analysis (see Sujan et al., 2025" for further details
on both).

(1) Hierarchical task analysis — one of the most common HFE methods used to
break down the activities required to achieve a high-level system or process
goal. It has been found to be useful to study clinical tasks.®”

(2) Link analysis — a technique for analysing movements between individuals
and system elements, based on observable or measurable data to represent
the nature and frequency of the links. This may include movement or
interactions of people with people, people in their environment with equip-

ment, or with the interface of a device.

The protocol was applied to the design of functional spaces in critical care and
neonatal intensive care units (CICU/NICU), where space constraints and
increasing technological demands can compromise care delivery. Existing
layouts from real units were recreated in full-scale mock-ups, enabling clin-
icians to engage with familiar tasks in controlled but realistic conditions. The
resulting data from the application of the five-step protocol supported the
refinement of space specifications, ensuring alignment between actual work-
flow demands and the dimensions recommended in national design guidance.

3.1.3 Output

The findings informed national guidance and contributed to the redesign of local
critical care and neonatal facilities. Over the past 15 years, this approach has
been adapted to address a variety of healthcare design challenges. The growing
body of evidence around physical HFE practice has deepened understanding of
how to align healthcare environments with the needs and interactions of those
delivering and receiving care.’"”’

For example, Kwok and Lam applied a similar systems-based methodology
to reduce patient falls.”? Likewise, a study focused on anaesthetist workspace

design used HFE methods in the review of critical tasks and movements of staff,
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equipment location, interactions with the patient and other team members, and
the physical space available.”

These examples highlight how the use of HFE has matured into a well-
established practice in healthcare environment design, demonstrating sustained
relevance and value across diverse clinical settings.

3.2 HFE Approaches to Designing and Procuring
Medical Devices and Technology

The development and implementation of digital solutions and medical devices
are now central to healthcare and patient safety.”* HFE methods have been used
to support both device development and procurement by focusing on usability,
cognitive demands, and the wider work system.

3.2.1 The Problem

In neonatal resuscitation, timely and accurate heart rate information is critical,
yet existing monitoring methods (such as auscultation with a stethoscope) can
be slow, inaccurate, and disruptive.75’76 There was a need for more reliable,
usable continuous heart rate monitoring during time-critical interventions.

3.2.2 The Approach

Pickup and colleagues used HFE methods to inform the interface design of a new
device for continuous heart rate monitoring during neonatal resuscitation.”’
A user-centred design process combined applied cognitive task analysis
(ACTA) with expert consultation and simulation.”® In contrast to hierarchical
task analysis, ACTA focuses on cognitive demands rather than on observable
actions.

ACTA has four key stages:

(1) Task diagramming — interviews with clinicians and a review of training
materials supported the development of a task diagram representing key
tasks and critical or difficult cognitive work associated with newborn
resuscitation.

(2) Knowledge elicitation — interviews with neonatal experts probed expert
knowledge of newborn resuscitation to consider decision-making cues,
potential sources of errors, and strategies that distinguish expert from
novice performance (see Box 1).

(3) Simulation workshop — stakeholders, including neonatal nurses and doc-
tors, participated in simulated scenarios to explore task cognitive require-
ments, information needs, and contextual factors affecting performance.
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(4) Cognitive demands and requirements summary — insights were consoli-
dated into a table of cognitive demands, summarising key user needs for
interface design. An example of the details contained within the cognitive
demand table is in Box 1.

Given that live observation of newborn resuscitation was not feasible, the
study drew on training materials, simulation footage, and expert validation
throughout.

3.2.3 Output

The study identified a range of user requirements shaped by the interactions
between the tasks, roles, equipment, and the care environment. These
included:

(1) Portability and vibration resistance of the system to support continued
monitoring as the baby is moved.

(2) Flexibility of the positioning of the device and interface to allow movement
and rotation to improve the line of sight for clinicians involved.

(3) Ilumination of the screen to be able to accommodate room lighting, which
may be dimmed or bright depending on the situation.

(4) Alarm type, frequency, and pitch are to be considered to avoid unintended
consequences for both families and clinicians.

(5) Compatibility with other equipment required during newborn resuscitation.

These insights also shifted the overall device design from an initially planned
multifunctional interface towards a simpler display, better suited to high-stress,
time-critical use. The work illustrates how HFE methods can challenge design
assumptions and support usability and situation awareness in medical device
development.

Carman and colleagues also illustrate how similar HFE approaches can
support procurement and usability testing for technologies such as hospital
beds and mattresses.”’ Although these devices are not highly complex, the
diversity of patient needs creates complexity in selection and implementation.

The need for stronger HFE involvement in digital health is also growing. In
the UK, digital clinical safety standards DCB0129 and DCBO0160 set out
requirements for risk management in health IT systems. While they do not
explicitly mention HFE, they imply many of its principles, such as usability,
safety, and error mitigation. However, without sufficient HFE, these standards
may be applied without fully addressing cognitive demands, or interface design
or system-level interactions.®
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3.3 HFE Approaches to Designing System Changes
for Safety Improvement

Improving patient safety often requires interventions that go beyond isolated
fixes to address the underlying complexity of healthcare systems.®' HFE can
complement and strengthen existing quality improvement and transformation
efforts by applying systems thinking and participatory design methods.®” These
approaches are particularly valuable because many safety-related risks are
shaped by workflows, technology, organisational practices, the physical envir-
onment, and external influences, including targets, workforce strategies, and
funding decisions.*

3.3.1 The Problem

Misidentification of patients is a longstanding problem for healthcare providers.**
In radiology, this can lead to the wrong patient receiving an examination, unintended
radiation exposure, and delays. In 2023-2024, there were 819 notifications of
accidental or unintended exposure to radiation reported to the Care Quality
Commission (CQC), with patient misidentification a recurring contributory factor.®

3.3.2 The Approach

Woodward and colleagues observed that annual CQC reports typically framed
frontline staff as the sole cause.® This view fails to reflect the systems thinking
principles that underpin HFE. In response, they conducted a systems-focused
study at a large teaching hospital in England to examine patient misidentifica-
tion aligned to HFE thinking.

Using the SEIPS framework as a guiding structure,”” the study applied a range
of HFE methods to examine everyday radiography work and the trade-offs staff
make to balance efficiency of the service with an acceptable level of safety.
Interactions were examined at three levels using a participatory approach:

(1) Micro level — structured field observations in the control room were used
to study interactions between the operator, communication tasks, and the
work environment.

(2) Unit level — task analysis and hazard analysis (Failure Mode and Effects
Analysis)*® were carried out on the patient identification procedure to
understand the discrete tasks and equipment interactions that support the
operator to correctly identify the patient.

(3) Organisational level — scenario-based system analysis workshops —
underpinned by SEIPS — explored trade-offs, interactions of the team,
tasks, and reporting practices.
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This layered, participatory approach enabled a richer understanding of how
interactions across the system influenced behaviour at the frontline and sup-
ported the design of context-sensitive safety improvement interventions.

3.3.3 Output
The study led to a set of complementary interventions:

(1) At the micro level, measures to reduce distractions and interruptions, for
example, updating the hospital phone directory to divert calls away from
the control room.

(2) Atthe unit level, a single standard operating procedure and visualisation for
patient identification based on user-centred design principles.

(3) At the organisational level, HFE education was delivered across the radi-
ology teams based on the SEIPS framework to support systems thinking,
encourage near-miss reporting and support discussions around the chal-
lenge of patient identification.

The study found a statistically significant increase in near-miss reporting and
a significant improvement in the reduction of interruptions within the control
room over a two-year period.

In other studies, SEIPS was used to improve the design of cardiac diagnostic
services in community settings,”’ and to inform analysis of readmission of
surgical patients at a paediatric hospital.”’

3.4 HFE Approaches to Learning
from Incidents

Health systems have been encouraged to become learning organisations.
Following the inquiry into the failings at Mid Staffordshire NHS Foundation
Trust, the Berwick report challenged the NHS to become an organisation
dedicated to learning and continuous improvement.”’ Across safety-critical
industries, learning from incidents is a key component of safety management
systems. Modern approaches incorporate HFE and systems thinking, going
beyond narrow consideration of ‘human error’ to consider the breadth of
interactions across the work system.”?

3.4.1 The Problem

The history of oversimplifying ‘root causes’ of healthcare incidents has
failed to reflect system theories that recognise the complexity of healthcare
systems and how safety is considered an emergent property of the
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interactions between all elements of the system.”” A systems approach to
learning from incidents can support a just culture and more meaningful
learning, replacing the traditional approach that focused on proximal fac-
tors, often resulting in interventions aimed at the individual and blaming

staff for errors.>®*?

3.4.2 The Approach

An influential system model for understanding dynamic risk management is
Rasmussen’s framework, which describes how decisions and pressures at
multiple system levels interact to shape safety or produce accidents (see
Figure 1).”* The model reminds us that safety is a multidisciplinary endeavour,
because understanding decisions at different levels of a system falls within the
remit of diverse disciplines, including engineering, HFE, organisation science,
law, economics and political science, and sociology. Rasmussen suggests that
rather than viewing safety management as a top-down approach flowing from
safety regulations and rules through to work at the sharp end, it should be
reframed as a dynamic control problem, where the interaction of different
pressures and constraints can gradually move a system towards and across the
threshold of safe performance.

AcciMap is the method for the analysis of incidents and accidents developed
from this model.”> Capturing the wider interactions across the system to
understand adverse outcomes, it is increasingly used for healthcare
investigations.”® AcciMap visualises contributory factors located at different
system levels and the links between them, helping to shift attention from the
‘sharp end’ to the broader system context.

This method was used to investigate cross-organisational factors contribut-
ing to violence and aggression in hospital settings,”” aiming to avoid ‘safety
clutter’: i.e. practices that do not actually contribute to improving safety,”® or
blaming individuals for incidents.

The investigation consisted of three stages:

Stage 1. ActorMap development — Identifying 98 stakeholders across different
levels of the system who influence the management of violence and
aggression.

Stage 2. AcciMap construction — Mapping contributory factors across the
system levels.

Stage 3. PreventiMap design — PreventiMap is based on the same visualisation
of an AcciMap.”” The intention is to visualise and co-design a set of
system-level interventions linked across levels.
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Figure 1 A healthcare-specific interpretation of Rasmussen’s multi-level
system for safety management. National policy decisions, regulatory
requirements, and organisational priorities shape the conditions of clinical
work, while signals from frontline practice and patient care processes feedback
to influence decision-making at higher levels. Safety emerges from the dynamic
interaction of these layers.

3.4.3 Output

The investigation showed that many stakeholders carry responsibility for man-
aging violence and aggression, but few hold decision-making power. It high-
lighted interdependencies between legislation, budgeting, workforce, local
management, frontline practice, and patient- and environment-related factors,
and concluded that improvement would require coordinated interventions
across multiple levels.

The study concluded that improvement in the management of violence
and aggression would require multiple interventions that are focused across
the levels of the system. The themes highlighted in the final workshop
identified several areas influential to safety, including risk management,
staffing, incident response, incident-reporting and learning systems,
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consultation and coordination across system levels, and the design of
hospital environments.

This work has contributed to the New South Wales government’s guidance on
the management of violence and aggression, providing a practical toolkit from
the findings to support safety improvement initiatives in this area.'"’

The AcciMap method is included in the NHS England Patient Safety
Syllabus, and it is part of the repertoire of methods used by the Health
Services Safety Investigations Body (HSSIB). It provides a way of learning
from patient safety incidents by revealing interactions across different levels of

complex health systems.

3.5 HFE Approaches for Proactive Safety Investigations

The English HSSIB was established in 2017 (as the Healthcare Safety
Investigation Branch), with corresponding legislation introduced in 2022.
HSSIB has contributed to the embedding of HFE approaches and methods in
the NHS through education.

3.5.1 The Problem

Healthcare predominantly focuses on learning from past incidents. In other
safety-critical industries, this practice is supported by proactive safety investi-
gations. These can provide a dynamic approach to organisational learning on
inherent hazards and risks that can be found through observing everyday work

101
and performance.

3.5.2 The Approach

During the COVID-19 pandemic, a rapid proactive safety investigation was
completed and shared with the English healthcare system between the first
and second waves of the pandemic in England. This was the first proactive
safety investigation by HSSIB, which was intended to support real-time
response to the emerging risks.

The investigation applied the SEIPS framework to support the collection of
information and frame the analysis to understand systemic factors interacting
and presenting as influential to the nosocomial (healthcare-associated) trans-
mission of the virus in hospitals. The investigation combined:

(1) interviews with staff and patients
(2) observations in clinical settings
(3) areview of national and organisational guidance and documentation.
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The analysis highlighted the limitations in existing practices of risk manage-
ment and the impact of complex arrangements and the lack of clarity of
processes to develop national guidance. The impact of the higher-level system
on local practices and capability was impeded by the lack of communication on
a “... single national message ...".'"> The application of this HFE-informed
proactive safety investigation provided timely learning on the system inter-
actions influential to safety across healthcare organisations.

3.5.3 Output

The investigation produced a set of prompts for organisations to review local
approaches to risk management, including governance structures, communica-
tion pathways, and support for staff. It exemplified how HFE-informed pro-
active investigations can provide an ‘up and out’ view of system interactions,
complementing traditional incident investigation.

HFE methods, such as SEIPS, are now increasingly embedded in English
healthcare safety work through HSSIB education and PSIRF guidance. This
supports a shift away from linear and blame-oriented investigations that devel-
oped in the use of a root cause analysis approach towards system-based
approaches.®’ However, it should be noted that in 2026 HSSIB terminated its
education function to focus on undertaking investigations rather than contribut-
ing to building capacity.

4 Critical Reflection on Human Factors and Ergonomics
as an Approach to Healthcare Improvement

While HFE offers a powerful set of concepts and methods to support safer, more
effective, and more human-centred healthcare, its uptake and application have
not been without challenges. As with any discipline that crosses boundaries and
engages with complex systems, HFE is vulnerable to misinterpretation, over-
simplification, and underutilisation. This section reflects on some of the key
conceptual, practical, and structural barriers that have limited the impact of HFE
in healthcare improvement efforts. It also considers deeper questions about the
nature of evidence, value, and meaning in applying HFE to real-world health-
care systems. The aim is not to diminish the contribution of HFE, but to offer
a constructive critique that helps clarify what is needed for its fuller, more
effective integration.

4.1 Conceptual and Disciplinary Ambiguities

In the introduction, we approached HFE via the IEA definition, which provides
a robust starting point. While there is widespread agreement on core tenets —
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such as systems thinking, design orientation, and the dual aim of enhancing
system performance and human well-being — there is less clarity when it comes
to how HFE is understood and operationalised in practice.” This lack of shared
understanding becomes particularly visible in interdisciplinary settings like
healthcare, where different stakeholders encounter HFE from different sources,
ranging from pilots delivering aviation-style teamwork training, research litera-
ture based on other industries, and the occasional HFE-practitioner-led design
project.

The field of HFE is inherently multidisciplinary. Its intellectual roots come
from psychology, anatomy, and physiology, though it also includes contribu-
tions from disciplines such as engineering, industrial design, and organisation
science. As a result, it has been described variously as a scientific discipline,
a design practice, a methodological toolkit, or a professional identity.'***'** This
plurality has allowed HFE to adapt across domains — for example, the military,
office business settings, safety-critical industries, consumer technology, and
healthcare — but it was also accompanied by confusion about the nature of the
discipline. In the absence of a clear boundary or universally recognised scope,
HFE is often shaped by the institutional context in which it is used.'’” In
healthcare, for example, HFE may be presented as a behavioural safety inter-
vention, as a way to support technology usability, or as an approach to under-
standing work-as-done. While each of these interpretations has merit, they
represent only partial expressions of what HFE as a whole encompasses.™’

A related issue is the blurring of boundaries between HFE and adjacent
domains such as quality improvement, safety science, systems engineering,
implementation science, and human-centred design. These overlaps can be
productive, fostering collaboration and innovation.* However, they also carry
the risk of conceptual dilution. HFE may be invoked rhetorically to signal user
focus or systemic insight, even when projects lack the methodological rigour,
participatory design processes, or contextual sensitivity that characterise HFE
practice. In some cases, human factors become a label that is retrofitted to justify
a predetermined solution, rather than a guiding influence on problem definition
and intervention design.'*®

This conceptual ambiguity has practical consequences. It can lead to unreal-
istic expectations, either overestimating what HFE can achieve or dismissing
it as too vague or ‘soft’. It complicates education and training in HFE of the
healthcare workforce, as there is no clearly defined pathway into HFE practice
in healthcare, and there are few structures to support interdisciplinary under-
standing, even though there are positive developments with, for example, the
national Patient Safety Syllabus and PSIRF in the NHS in England and the
CIEHF Healthcare Human Factors Learning Pathway. Conceptual ambiguity
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also undermines efforts to integrate HFE into organisational strategy, policy,
and procurement. In contrast to industries in which HFE is embedded in safety
regulation and design processes from the outset, healthcare systems often
struggle to make sustained use of HFE expertise.

Clarifying the distinctive principles of HFE — such as the focus on systems,
design of interactions, and the commitment to enhancing both system perform-
ance and human well-being — remains a key challenge for the field. Without this
clarity, the promise of HFE as a driver of improvement in healthcare will
continue to be constrained by conceptual ambiguity and fragmentation.

4.2 Misapplication and Practical Challenges

Human Factors and Ergonomics is often applied narrowly and superficially
because the infrastructure, literacy, and positioning for deeper application are
lacking. As described earlier, HFE is frequently reduced to ‘the human factors
approach’, with a focus on communication and teamwork training. Worse still,
HFE is also sometimes misrepresented as ‘the human factor’, that is, as the
cause of adverse events, where subsequent ‘improvement’ interventions are
targeted at the level of the individual through behavioural safety programmes.
The risk is that this reductionist framing neglects the inherent systems perspec-
tive and design focus of HFE, misleading people into assuming that training
and behavioural safety are sufficient to address performance and well-being in
complex systems.**?

Such reductionist applications of HFE are often symptoms of more structural
barriers and practical challenges. One of these is the lack of available HFE
expertise. In the UK and the US, for example, there are few chartered ergono-
mists (or similarly qualified individuals) working in the health sector, and most
healthcare organisations have no in-house HFE expertise at all.'’” While clin-
ical enthusiasts may have an awareness of HFE, they might lack sufficient
experience in the broader discipline and the requirements for its successful
application in practice. Frequently, HFE considerations are then brought in at
a late stage, for example, after technology procurement decisions have been
made and problems in use have been reported.

The lack of systematic mechanisms for HFE integration further compounds
this problem. In industries such as aviation, railways, and nuclear energy, HFE
is embedded in regulation, procurement, and design processes. The regulatory
support and formal guidance for HFE integration have supported the develop-
ment and deployment of HFE expertise across these industries. Such HFE
integration mechanisms are largely absent in healthcare.
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Without clarity in processes and a strategy to embed HFE within existing
healthcare processes, the potential for HFE application might not be realised,
limiting its contribution to improving patient safety, staff well-being, and
overall system performance. The role of HFE must be reimagined: it should
be seen not as a reactive and narrow fix, but as a proactive and foundational
perspective embedded early and consistently in the design, evaluation, and
improvement of healthcare systems. Such HFE integration would benefit from
compelling narratives about the contribution of HFE to the quality and safety of
healthcare and the well-being of staff. This raises questions about what counts
as credible evidence for HFE in healthcare, and how its value can be articulated
within the decision-making logics of healthcare organisations as businesses.

4.3 The Nature of Evidence

One of the major challenges facing HFE in healthcare is the relative lack of
rigorous evaluation studies. Despite wide recognition of its conceptual value and
a growing number of applications in healthcare, HFE still lacks a convincing and
coherent evidence base that demonstrates the effectiveness of its application in

"5 While this lack of evidence has not prevented the adoption of HFE in

practice.
safety-critical industries, it is a significant limiting factor in healthcare, where
there is a greater focus on underpinning interventions with evidence.

Consider, for example, the concept of safety cases, which is a regulatory
approach for assuring and demonstrating that a system (such as a nuclear power
plant) is acceptably safe to operate under specific conditions. Despite decades of
academic reflection on the structure, content, and format of safety cases, there is
a near-total absence of evaluation in healthcare — calling into question their
value.' %1% Similarly, the field of Safety-II and the associated Functional
Resonance Analysis Method (FRAM) have become increasingly popular across
industries, including healthcare.''® However, corresponding studies often do
not attempt, or struggle, to demonstrate that systems and well-being have been
improved as a result of interventions rooted in this thinking.*® The challenge for
HFE researchers and practitioners is to articulate explicitly the theories or logic
models for proposed interventions so that claims about how to improve system
performance and human well-being — and under what circumstances — can be
critically appraised.

In this respect, healthcare may offer a more fertile ground than many of the
other safety-critical industries, even if the evidence base for healthcare quality
improvement struggles with similar challenges.''' Over the past two decades,
considerable progress has been made in the development of frameworks for the
evaluation of complex interventions, most notably the updated guidance issued
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by the Medical Research Council and the National Institute for Health and Care
Excellence (NICE)."'? This framework recognises that interventions often have
multiple interacting components, that context shapes outcomes, and that causal
mechanisms need to be made explicit and testable.

Whether the Medical Research Council/NICE framework provides an exact
fit for the evaluation of HFE interventions remains to be investigated. HFE
practice is often not based on delivering a discrete intervention, but on facilitat-
ing the design of interactions in sociotechnical systems. This work is frequently
embedded in ongoing change processes, it involves negotiation and adaptation,
and there might not be clearly delineated start and end points. Moreover,
outcomes may be emergent, non-linear and hard to quantify, such as increased
resilience and improved ability to respond to changing contexts. While the
general principles for evaluating complex interventions remain valuable and
go beyond current practice in HFE (and safety science), complementary
approaches may offer additional insight into how complex changes unfold in
practice. These include realist evaluation, ethnographic or mixed-method pro-
cess evaluations, and theory-driven approaches such as normalisation process
theory, which seeks to explain how complex interventions become
embedded.'*™'"°

A further set of challenges concerns the quality and accumulation of evi-
dence. As Dixon-Woods notes, healthcare improvement is often carried out as
small, local projects with limited methodological rigour, weak theorisation, and
inadequate reporting.''® As a result, it is often difficult to determine whether an
intervention worked, why it worked, or whether it could work elsewhere. Too
often, improvement studies fail to articulate clear mechanisms of change, use
inconsistent or poorly constructed measures, or operate in ways that prevent
learning from being accumulated across settings. This fragmentation means that
promising approaches remain confined to local pockets of practice, while
similar problems are repeatedly rediscovered or addressed anew. Following
this argument, strengthening the evidence base for HFE therefore requires not
only evaluating whether interventions are effective, but also improving the
design, reporting, and cumulative learning of HFE work, thereby treating
HFE interventions as objects of study, making their underlying logic explicit,
and enabling findings to be shared, compared and refined across contexts.

The development of a more robust and credible evidence base for HFE in
healthcare requires greater use of suitable evaluation approaches that reflect
the realities of HFE practice. HFE researchers and practitioners should become
more explicit in describing not only the motivation behind HFE interventions
but also in articulating assumptions about how interventions would work, for
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whom, and under what conditions. Building this kind of evidence base requires
a change in mindset within HFE as a discipline.

4.4 Making the Business Case for HFE

HFE aims to improve system performance and human well-being, but these
benefits are rarely expressed in the language of cost, return on investment, or
strategic value creation that drives health system policy and decision-making. In
short, there is a lack of a compelling business case for HFE.

The nature of HFE work, as described in the previous sections, contributes
to this difficulty. Many of the outcomes of the application of HFE theories,
concepts, and methods are systemic, longer-term, and emergent. Examples
include improved cognitive workload profiles, better coordination, and
enhanced capacity to adapt to change. These are real and important contribu-
tions, but they do not always map easily onto established economic or man-
agerial metrics. Return on investment is difficult to calculate in non-linear
sociotechnical systems, and the impact of HFE interventions is rarely isolated
or direct.'”” It remains challenging to translate the value of HFE into the logic of
healthcare funding and health system management. This continues to create
a significant obstacle to the acceptance and adoption of HFE in healthcare
improvement practice.

The challenges with providing a compelling business case for HFE are not
unique to healthcare. In air traffic management, the European network manage-
ment agency Eurocontrol issued guidance for the business case for HFE."'” The
guidance argues that early integration of HFE in the design of air traffic
management services can reduce costs by providing input at the early stages
of product and service development, which can help reduce the need for later
retrofitting fixes and costly redesign. Policy documents such as this can help
shift the thinking from HFE as a cost towards HFE as an enabler of strategic and
operational performance.

The Eurocontrol guidance emphasises that building a compelling business
case for HFE requires mapping the different types of beneficiaries, as well as the
different types of benefits. Producing such a map could be a helpful first step
towards a healthcare business case for HFE. For example, early consideration of
HFE in the design and subsequent deployment of an Al ambient digital scribe
could improve clinician well-being (staff benefit), free up time for patient
interaction (care quality and patient experience benefits), and reduce burnout
and staff turnover (organisational benefit). However, in many such cases, HFE
is considered at a late stage to troubleshoot problems, and only a small selection
of, usually, quantifiable outcomes are reported. A clearer mapping of
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beneficiaries and benefits could support healthcare leaders and decision-makers
to recognise the value of HFE investment.

This is particularly relevant in the current context of large-scale Al deploy-
ment and an increasing focus on health system learning, adaptive capacity,
compassionate engagement, and staff well-being. These are areas where there
is significant scope for HFE to add value. However, HFE as a discipline and
a profession has not yet developed effective ways of converting conceptual
alignment into strategic buy-in. There is a need for better evidence, better
framing, and more willingness to engage with the economic and managerial
logics that govern healthcare improvement efforts.

5 Conclusions

HFE is a scientific discipline and a professional practice concerned with
designing interactions in sociotechnical systems to improve both system per-
formance and human well-being. It takes a systems approach, is fundamentally
design-oriented, and focuses on understanding and shaping the relationships
between people, their tasks, the tools and technologies they use, the physical
spaces, and the organisational and wider socioeconomic and regulatory envir-
onments. HFE originated from multidisciplinary efforts to solve practical prob-
lems in military operations during the Second World War. Today, HFE is
a diverse and multidisciplinary field, with applications across many safety-
critical industries, business and home technologies, and healthcare.

In the early 1990s, HFE in healthcare was largely confined to addressing
issues related to musculoskeletal disease from manual handling and repetitive
work, as well as usability issues in the use of medical devices. With the onset of
the mainstream patient safety movement in the early 2000s, HFE gained greater
recognition in healthcare, largely due to the adoption of aviation-style team-
work training programmes. While this represents a reductionist interpretation of
HFE, it has paved the way for the more holistic application of HFE we see today.
HFE is now firmly embedded in national patient safety initiatives such as the
NHS Patient Safety Strategy, the PSIRF, and the NHS Patient Safety Syllabus.
HFE input to the response to the COVID-19 pandemic — facilitated in the UK by
the CIEHF — has raised awareness of HFE among a broader range of stake-
holders across the health system.

While its role is increasingly recognised, it is still inconsistently understood
and applied in practice.”* The full potential of HFE in healthcare remains far
from being clearly articulated and realised. In many areas, such as digital health
and Al-enabled service delivery, there persists a technology focus, and HFE is
underused — or applied too late — to shape key design and implementation
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decisions. There is a need for a more strategic and systematic approach to HFE
integration in healthcare improvement.

Professionalisation of the HFE practitioner role in healthcare is an essential
part of this journey. Continuing professional development, consistent pathways
into practice, and greater awareness of HFE among senior decision-makers are
all critical to ensuring that HFE expertise is understood and effectively
deployed. Recent developments, such as the CIEHF Healthcare Human
Factors Learning Pathway and training offered by the charity Clinical Human
Factors Group (CHFG), provide encouraging examples of how this might be
achieved. At the same time, HFE should be reflected in guidance, procurement
frameworks, and safety standards, creating the structural conditions for mean-
ingful HFE integration.

The HFE profession needs to embrace the challenges of HFE integration and
be more responsive to the traditions and the discourse in healthcare by building
a stronger evidence base and developing a more compelling business case.
While the complexity of HFE work makes standard evaluation challenging, it
is essential that HFE researchers and practitioners become more explicit about
how interventions are expected to bring about change, for whom, and under
what conditions. Alongside this, more attention must be paid to identifying the
full range of HFE beneficiaries and the diverse forms of value HFE can offer:
from improving usability, and reducing injuries and harm, to enhancing patient
experience and staff well-being, as well as enabling organisational resilience.

Further Reading

1.'"® — An introductory text on HFE in health and social care. The

Sujan et a
material is structured around an HFE work system model (SEIPS). The
focus is applied.

Carayon et al.”” — An article describing the Systems Engineering Initiative for
Patient Safety (SEIPS) framework. There are more recent descriptions, but
it is useful to look at this early formulation.

Russ et al.* — An article discussing and explaining common HFE misinter-
pretations in healthcare.

Catchpole® — An editorial accompanying the article by Russ et al. The
editorial provides a critical reflection on the adoption of aviation-style
teamwork training in healthcare.

Verhagen et al.** — An article providing a critical reflection on the application
of Safety-II in healthcare.

Wilson'” — An article describing the principles of systems thinking in HFE.

It uses a railway example.
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19" A comprehensive book covering many aspects of

Wilson and Sharples
HFE in around 1,000 pages, it provides a good way to get started with
a certain HFE topic — simply find the corresponding chapter in the book.

Stanton et al.'** — A reference book that contains short descriptions of a large
number of HFE methods. It is not meant to be read from cover to cover.

You can pick a method and get a very quick high-level overview.
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