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ABSTRACT

PATIENT SAFETY
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Human factors and ergonomics (HF/E) is concerned with
the design of work and work systems. There is an increasing
appreciation of the value that HF/E can bring to enhancing
the quality and safety of care, but the professionalisation
of HF/E in healthcare is still in its infancy. In this paper, we
set out a vision for HF/E in healthcare based on the work of
the Chartered Institute of Ergonomics and Human Factors
(CIEHF), which is the professional body for HF/E in the UK.
We consider the contribution of HF/E in design, in digital
transformation, in organisational learning and during
COVID-19.
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Introduction

Future healthcare faces significant challenges, including
complex care needs of an increasingly elderly population,
staff shortages and burnout, and global crises (such as the
COVID-19 pandemic). Responding to these challenges and
providing safe care requires not only improvements in medicine,
but also changes to how we work (ie how health and social
care are designed and delivered). Healthcare providers need
to communicate, coordinate and collaborate better across
professional, departmental and organisational boundaries.
Digital technologies (such as novel artificial intelligence (Al)
applications) need to work well with people in order to harness
their full potential. Health systems and organisations need

to be agile and able to adapt to changing circumstances and
demands. The design of work and work systems is the focus of
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human factors and ergonomics (HF/E).

HF/E is a scientific discipline that takes a systems perspective,
and aims to design interactions between people and other
elements of the system to optimise human wellbeing and
overall system performance.” Aspects of HF/E have been used
to improve patient safety and the quality of care for over 20
years, but frequently with a narrow focus on teamwork and
non-technical skills.? While such interventions can be valuable,
they are best thought of as one element of the HF/E toolbox,
which should be accompanied by consideration of how the wider
work system can be designed. This includes, for example, the
design of tools and equipment, task design, the development
of work procedures, the design of physical spaces and the work
environment, and processes to support organisational learning
from experience.®

Across health systems, there is an increasing appreciation of
the value of HF/E and, slowly, qualified HF/E professionals are
employed to work as embedded practitioners alongside clinical
teams, even if their number is far behind what is common
practice in safety-critical industries (such as aviation, defence
and nuclear).” The professionalisation of HF/E in healthcare
is still in its infancy, and greater awareness and access to
accredited education are required. Here, we present a vision for
healthcare HF/E based on the work of the Chartered Institute
of Ergonomics and Human Factors (CIEHF), which is the
professional body for HF/E in the UK.

HF/E in design

The fundamental principles of HF/E are related to how the design
of equipment, work and workplaces will influence the performance
or outcomes of an organisation relative to safety, efficiency and
wellbeing. A prospective risk analysis is an approach adopted within
other safety critical industries to understand the nature of the threats
specific to a particular context or place of work. There is a regulatory
mandate for many safety critical industries (eg oil and gas, nuclear
and rail) to adopt this approach. HF/E principles are embedded
into this process, which enables an organisation to understand and
evaluate how the current system design may influence the risk held
by the organisation. This form of regulatory mandate does not exist
in healthcare, where there are still few resources directed towards the
employment of safety or HF/E expertise.

A prospective risk analysis involves a systems perspective; this
starts with an understanding of the key healthcare processes:
what and who is involved, where is it completed and which
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equipment is used in which environment. This approach can
quickly provide an insight into the interactions that are most
likely to influence the safety and reliability of the care delivered.
Acknowledging the predictable and less predictable scenarios
can explore how the system is likely to respond based on the way
that work is currently completed, the influence of existing system
design and any constraints in resources.

There is a basic need for healthcare to understand the terms
of hazard and risk, before prospective risk analysis can become
part of safety improvements.> A hazard is anything that has the
potential to cause harm. HF/E provides several approaches to
identify hazards in technical and sociotechnical systems, including
traditional approaches (such as human reliability analysis and
the bow-tie method) as well as more recent methods (such as
the functional resonance analysis method, which is based on
resilience engineering principles).® The chance and consequence
of a hazard occurring is the risk within a system. These two
words provide a vocabulary to develop a shared understanding
at any level of a healthcare organisation. They can assist in
communicating, prioritising and managing the risks presented
within a particular healthcare environment, process or context.
This helps reduce the need for patient-facing staff having to be
reactive in constantly managing and reporting similar risks, and
supports the development of a proactive management strategy
that is owned at the appropriate level of an organisation.

In healthcare, clinical autonomy and professional accountability
are often relied upon to manage all natures of systemic risks. The
sustainability of a workforce and their ability to perform reliably and
consistently is intrinsically linked to the context where work occurs.
HF/E principles fully integrated within an organisation can help
identify and manage the operational risk associated to the design
of working conditions to optimise the performance of clinicians.
Healthcare is yet to apply systematically and rigorously the evidence
and science that HF/E applies in other industries (Box 1). The principles
behind an HF/E approach recognise that the safety, performance and
wellbeing of clinical staff are intrinsically linked to patient safety and
the performance and efficiency of a healthcare organisation.

HF/E and digital transformation

The introduction of digital technologies is often regarded as
essential for meeting future challenges.'® This applies especially

Box 1. Fatigue key performance indicators in the rail

industry

The rail industry recognises that staff fatigue can contribute

to risk. Rail operators adopt fatigue risk management systems
to inform how their organisation can design and monitor shift
patterns and working conditions to minimise fatigue, stress and
burnout.

The Office of Rail and Road suggests examples of key
performance indicators for organisations to consider to indicate
the presence of fatigue-inducing factors related to shift design,
such as:

> percentage of shifts greater than 8 hours
> cumulative hours worked

> duration of rest days

> cumulative time awake.’
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to the use of Al applications, which can exploit the exponentially
growing amount of routinely collected data that cannot be
analysed anymore by existing teams of human analysts. There is
no shortage of examples of the potential benefit that Al can bring
to health services, including deep learning applications to support
the interpretation of radiological images and Al-powered patient-
facing symptom checkers and chatbots.!’

Evaluation studies of a number of Al algorithms have produced
encouraging results, with many studies suggesting that the
performance of the Al was at least as good as that of human experts;
for example, in the detection of skin cancer or the detection of diabetic
retinopathy.''> However, looking across these studies, the focus of
the evaluation is usually on the performance of the Al on a narrowly
defined task. The evaluation is typically undertaken by the technology
developers, and independent evaluation remains the exception. The
number of human participants tends to be small, and prospective trials
are still infrequent. As a result, the evidence base to date about the
actual performance of Al in real-world clinical settings remains weak.™

Itis likely that the real challenges for the adoption of Al will arise
when algorithms are integrated into clinical systems to deliver a
service in collaboration with clinicians as well as other technology. It
is at this clinical system level, where teams consisting of healthcare
professionals and Al systems cooperate and collaborate to provide a
service, that HF/E challenges will come to the fore.”®

Taking a systems perspective can help designers and users of
digital technologies to anticipate and understand the impact
of using digital technologies in real-world settings (Box 2).

Box 2. Impact of using artificial intelligence for

detecting diabetic retinopathy in a real-world
setting

A Google research team developed a deep learning artificial
intelligence (AI) system to detect referrable diabetic retinopathy
from fundus images. A retrospective evaluation based on data
from over 25,000 images of diabetic patients in Thailand
suggested that the Al system had significantly higher sensitivity
and slightly lower specificity compared with a panel of 13 human
graders."® A subsequent qualitative study by Google researchers
evaluated the real-world impact of the algorithm as deployed in
11 clinics across Thailand.!” The findings of this study highlight
many of the human factors and ergonomics aspects that emerge
only once the Al is embedded in the real world, including:

> a high degree of variation in the process of eye screening
across different clinics

> variability regarding the physical environment including light
conditions affecting the quality of fundus photos

> ahigh rejection rate of images by the Al system due to
inadequate image quality even though human readers were
able to screen the images

> additional workload of staff as they were trying to retake
photos several times to ensure suitable image quality (for the
Al), also resulting in increased patient waiting times

> increased numbers of non-essential referrals due to the
inability of the Al to process lower-quality images causing
frustration among patients who were required to travel large
distances as a result

> significant backlogs during periods where the internet speed
dropped, causing delays, patient frustration and increased
stress levels among staff.
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Examples include the impact on situation awareness, clinician
workload, the potential for overreliance on technology, the need
for trust and the role of explanation (ie explainable Al), and
training requirements of clinicians and patients for using these
technologies.

HF/E to support organisational learning

The NHS and health systems worldwide are aiming to
become systems dedicated to learning, but the focus
is still quite narrowly on learning from harm, and too
often recommendations focus on education, training
and disciplining.18 HF/E promotes a systems approach to
organisational learning that can inform and transform how
we learn from experience. The CIEHF guidance Achieving
sustainable change outlines an integrated framework for
organisational learning (Fig 1) that appreciates the complexity
and pressures of modern healthcare organisations, which is
particularly relevant during the current COVID-19 pandemic
where organisations and health systems need to learn about
how to navigate a complex and dynamic situation full of
uncertainty.19

The guidance frames organisational learning in terms of
both the organisational mindset and the actions or the process
to implement it. The mindset is about how an organisation
approaches organisational learning. The guidance contains
prompts to encourage organisations to think about their learning
goals: who is involved in organisational learning, how deep their
learning is, the types of situations they try to learn from and
the processes they have in place to foster learning. The actions
describe how organisational learning actually takes place in

3. Learning
speed and
2. Learning is depth
for everyone 4. Learning from
everyday work
Sltcaming 5. Learning is
goals formal and
Mindset informal
Action
5. Monitoring
and feedback 1. Capture
work-as-done
4. Put
commitment

2. Understand
and resource

3. Ensure trade-offs

learning is and adaptation
practical and

meaningful

Fig 1. The Chartered Institute of Ergonomics and Human Factors
organisational learning framework for achieving sustainable change.
Adapted with permission from CIEHF.
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an organisation, or how it is carried out. The guidance puts
emphasis on learning from everyday work (rather than just from
incidents) in order to understand how people adapt to situations
and changes; it emphasises that staff should have an active role
to play in organisational learning in order to ensure that learning
is meaningfully related to practice; and, where possible, staff
should be encouraged to take ownership for taking changes
forward, and should be given authority and resource to do so.
Finally, any changes that are implemented will likely require
further adjustments over time and, therefore, the learning
process should be continuous and feedback from staff should be
sought and given.

Based on the HF/E perspective, the intention is to move away
from negative notions of incidents, errors and blame; to encourage
organisations to reflect on what goes well even when situations
are challenging; and explore how safe spaces (in terms of
psychological safety) can be created where people can contribute
to organisational learning and where they can take ownership of
change and improvermnent.?

HF/E during COVID-19

The COVID-19 pandemic provided HF/E specialists and
professional bodies (such as CIEHF) with significant
opportunities to collaborate with senior healthcare leaders and
clinicians to contribute much-needed systems and user-centred
design thinking and methods to support pressing national and
international challenges. HF/E specialist input was of great
benefit in areas where major challenges were and are being
faced.

The safety and usability of deploying rapidly
manufactured ventilators within temporary care
settings

In the early period of the pandemic, it became quickly evident
that there was likely to be massively increased demand
internationally for mechanical ventilators to treat COVID-19
patients in intensive care units (ICUs) in converted hospital
wards and newly designed field hospitals. Given the anticipated
numbers of patients who would require admission to ICUs

in the NHS (and in global health systems) at the time, it was
apparent that traditional manufacturers of this vital life-saving
medical technology would be unable to cope unaided with

the unprecedented demand, and that additional equipment
suppliers would be required. The UK government, in direct
response, publicly called for new manufacturers to volunteer to
increase the scale of ventilator production through a process of
rapidly manufactured ventilator systems (RMVS). In recognising
some of the design, usability and safety challenges that are
evident with many medical devices and would highly likely

be apparent, especially for novel manufacturers, the CIEHF
rapidly assembled a project team of chartered HF/E specialists
and senior clinicians to provide fundamental RMVS design
guidance.?’ The goal was to support RMVS manufacturers with
a structured and accessible process for the design of the user
interface, instructions for use and training, based on four key
stages: identification of users, description of the environment,
task analysis and risk assessment (Fig 2). Fortunately, the
anticipated demand for additional ventilator capacity did

not materialise, and this rapidly developed guidance was not
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vaccination site facilities in Scotland and undertook workshops
— g,“éi‘gr};;;ﬁ,?‘;::e —al\ ., with vaccinators, site leaders and support staff. While many

positive design features and risk control measures were found
to be in place, additional actions for improvement where made.
It was agreed that the sharing of this important learning would
Human Factors and Usability Testing & benefit national and international vaccination programmes given
during the Rapid Manufacture of that related immunisation progress was variable globally. For
Ventilator Systems ‘\A . example, recommendations included:

The essential considerations:

> approaches for understanding the target population to reflect
the needs and capabilities of all stakeholders, including people

There are four Human Factors issues to consider in remote and rural areas
throughout the design process: > suggestions for well-designed and usable tools and
technologies to support performance, including scheduling
- tools to ensure people can book and change appropriate
Understand the Think about where Identify the tasks Predict the hazards . .
capabilities and the ventilators will for these minimally 1o users and patients. appointments e05||y
limitations of be used. clinically acceptable . i X X .
the i d il
e e > consideration of the physical environment such as sufficient
7 Wowiteute (GWenelgwg (3 Wtaoyrimes (3 Hoven s space for social distancing including use of stairs and lifts
o ghen o Y ol itorpret, o and > agile education and training that can keep pace with the
duration)? (audionvisual)?  Inital set up and checks. aimtihs solings el . L . .
i=Ce s G + tation of mechancl in ek S fast rate of adaptation and change within vaccination
+ Reacting to sudden design prevent hazards
changes in status. from happening? progrqmmes_
L oty T fevouts i 1 Gk ratvaswi U e
ol Ll e e Key HF/E lessons for stakeholders involved in setting up national
(Health Technical R ) ) ) )
Meordai o vaccination programmes were summarised in the CIEHF guidance

hospitals.

Vaccinating a nation.?? The guidance sets out 10 HF/E principles
to support the safe roll-out of national vaccination efforts.
These principles (Fig 3) are based on a systems approach and
guide stakeholders through the stages of identifying salient
characteristics of the work systems, improving designs, work
instructions and training, and continuously monitoring and

I adapting to learn from experience.

SO

Embedding HF/E in healthcare practice

Th ill influence:
s Moving forward, there is need for more rigorous and science-based

B Ventilator user interface R HF/E contribution to healthcare design and delivery. There are two
Alert users to the e e Buld competance ard aspects that will be crucial enablers.
correct and safe use user interface by understanding confidence in the ventilator.
of the ventilator. user requirements.
e T e Taiing based on a horough task
edt h i . analysis will be consistent.
stop-by-step. + Design the ventilator for using whilst + Atraining protocol will help ensure.
* Text il PPE. all users are adequately trained.
understood, in plain N 2 identif - is critical if
D D 8 conmieteny criticalinformation to display on the training is used to mitigate isks.
ventilator to alert the user. IDENTIFY
=" Instructions for use should T Use CIEHF usability protocol to test T The training, instruction
L be tested during the L inline with MHRA RMVS001. L for use and user interface . . .
Yok e el st s St 1. Understand people's 2. Consider tools 3. Assess the physical
2506 S e e ot needs and capabilities and equipment environment
w
O Q O 4. Describe the tasks people do 5. Evaluate potential vulnerabilities
Fig 2. The Chartered Institute of Ergonomics and Human Factors YIAROVE
design guidance for rapidly manufactured ventilator systems. 6. Re-design physical 7. Develop usable 8. Design and deliver
Reproduced with permission from CIEHF. spaces, tools and tasks work instructions suitable training
to enhance performance
and reduce risk
required at that time, but it still stands as a testimony to the role l
. . . ADAPT
of HF/E and the response of CIEHF in a national crisis.
9. Monitor work-as-done and 10. Record and learn
adapt to achieve sustainable change from incidents

Setting up national vaccination programmes

Inrelated improvement work about national COVID-19 Fig 3. Ten human factors and ergonomics principles to support the
vaccination programmes, HF/E specialists reviewed and analysed setup of national vaccination programmes. Adapted with permission
the design and operation of a small number of healthcare from CIEHF.
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Enhancing and professionalising HF/E knowledge
among healthcare professionals with active roles in
quality improvement and patient safety

Until very recently, there was no formal career structure for HF/E

healthcare professionals. Now, CIEHF has launched a ‘healthcare

human factors learning pathway’ to support both academic
(postgraduate certificate) and learning-at-work routes to achieve
the status of technical specialist or TechCIEHF (Healthcare). This
professional approach can support healthcare professionals and
patient safety specialists to effectively apply HF/E theories and
approaches in clinical practice.

Having embedded suitably qualified (CErgHF) HF/E
practitioners

In the last few years, hospitals across the USA have begun to
employ clinically embedded HF/E professionals, where fully
qualified HF/E practitioners work alongside clinicians every

day to apply HF/E methods and perspectives.* Healthcare
organisations need to know how they can both employ HF/E
specialists and also train key staff members through accredited
routes. Embedding suitably qualified HF/E professionals within
a healthcare organisation enables the HF/E practitioner to
understand an establishment’s structure, culture and ways of

working. Through their work, the HF/E practitioner is able to build

relations with colleagues to become an established member
of the team enabling the opportunity for timely HF/E input.

By working alongside all levels and groups of staff, familiarity
and trust is gained allowing a multidisciplinary approach to

be taken, which will likely lead to the implementation of more
effective and sustainable solutions. HF/E professionals who are
embedded within an organisation have the ability to instigate
and sustain conversations regarding the discipline through a
variety of means such as working alongside other staff groups,
the production of reports, attendance at meetings, formal
presentations and the more informal ‘corridor conversations’.
Through this, the knowledge and understanding of HF/E, along

with its importance and relevance within healthcare, will develop.

Pairing the knowledge and skills of a qualified HF/E professional
embedded in an organisation with accredited HF/E education
available to other key staff members will further advance the
application of HF/E, benefiting human wellbeing and system
performance.

Clinicians leading improvement and service design should
work with specialists and receive development in HF/E beyond

team-working and non-technical skills. HF/E should be consistently

applied to proactive design of care systems to maximise safety
and wellbeing. m
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