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Introduction

‘Human factors’ is the umbrella term used to describe the way 
people interact with each other, the systems in which they work, 
and technology. The understanding of human factors and how it 
applies to healthcare has largely derived from the aviation 
industry as well as other safety critical industries such as nuclear 
power and the military. Research shows that human factors play a 
significant role in the majority of accidents. For example, accident 
analyses, simulator research and cockpit voice recordings show 
that unsafe flight conditions are frequently related to failures in 
cognitive and communication skills rather than a lack of technical 
knowledge. Similar contributory causes are found when accidents 
in the operating theatre are analysed.

In 2013, the Department of Health, along with several other orga-
nisations including Health Education England and NHS Employers, 
signed a human factors in healthcare concordat – stating that:

The principles and practices of human factors focus on 
 optimising human performance through better under-
standing the behaviour of individuals, their interactions with 
each other and with their environment. By acknowledging 
human limitations, human factors offers ways to minimise 

and mitigate human frailties, so reducing medical error and 
its consequences. The system‐wide adoption of these 
 concepts offers a unique opportunity to support cultural 
change and empower the National Health Service to put 
patient safety and clinical excellence at its heart.

Human factors is completely integrated into all aspects of 
aviation education, and pilots are schooled thoroughly in methods 
of communication. This training is continuous, not a one‐off, and 
it includes everyone. While all pilots have to pass human factors 
assessments, many healthcare professionals, arguably working 
in a more unpredictable environment, may never even have heard 
of the term. In a nutshell, basic human factors training covers:
•	 An understanding of error
•	 The limitations of human performance
•	 Communication within teams

Human factors is also sometimes called ‘ergonomics’, an 
established scientific discipline used in many safety critical indus-
tries. For the purposes of this chapter, ergonomics  –  a critical 
aspect of human factors – is about the design of equipment, work-
spaces, systems and processes that makes it easy for people to do 
the right thing. This includes staffing ratios, duty times and rest 
periods. This chapter will focus more on what might be called 
‘cognitive ergonomics’ – how the limitations of the human brain 
and poor communication within teams make diagnostic error 
and other accidents more likely to happen.

What has human factors got to do with clinical reasoning? 
Chapter  5 explored the common cognitive biases that occur in 
everyday life as well as in clinical practice. Human factors includes 
cognitive biases as well as ‘affective biases’ (how cognition is 
affected by our emotions and the environment) with an emphasis 
on clinical teams and the workplace.

Error in healthcare

Until 1991, there was little information on the scale of adverse 
events within healthcare. See Box  6.1 for some definitions. 
We now know from a multitude of studies that healthcare can be 
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•	 ‘Human	factors’	is	the	umbrella	term	used	to	describe	the	way	
people	interact	with	each	other,	the	systems	in	which	they	work,	
and	technology

•	 Human	factors	covers	the	design	of	equipment,	systems	and	
processes	in	order	to	make	it	easy	for	people	to	do	the	right	thing

•	 Basic	human	factors	training	covers	an	understanding	of	error,	
the	limitations	of	human	performance	and	communication	
within teams

•	 Human	factors	training	can	improve	team	performance

•	 Individuals	who	understand	human	factors	can	act	more	safely	
and	reduce	the	chances	of	error
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unsafe – one UK study showed that adverse events occurred in 
around 10% of hospital admissions, directly leading to death 
in 1% of cases. Around half of the adverse events were judged to 
be preventable. In 2014 there were 15 million hospital admissions 
in the UK.

Research shows that errors are predictable and tend to repeat 
themselves in patterns. Healthcare staff do not come to work to 
deliberately harm patients, rather ‘to err is human’. We, the 
 systems in which we work, and the processes that are in place, can 
either adapt for this and make error and adverse events less likely, 
or can in fact create ‘accidents waiting to happen’. This is what 
human factors is all about.

Figure  6.1 shows an everyday example of human factors 
 engineering. Healthcare equipment is often not designed with 
human cognitive limitations in mind. Poor design is a frequent 
cause of patient safety incidents. When healthcare organisations 
use a large number of different medical devices there is an 

increased risk that staff will make errors. The National Patient 
Safety Agency found that, on average, UK hospitals had 31 differ-
ent types of infusion devices in use and there was no clinical reason 
for this diversity. It has issued a safety notice recommending 
that  healthcare organisations minimise the number of different 
medical devices in use.

Serious adverse events tend to occur after a series of smaller 
things go wrong – this is referred to as an ‘error chain’, illustrated 
by the Swiss cheese model of accident causation described by 
James Reason (see Figure 6.2).

Figure 6.1 Everyday	example	of	human	factors	engineering – a	cash	
machine,	or	ATM.	Cash	machines	around	the	world	have	the	same	
design – from	the	arrangement	of	the	numbers	on	the	keypad	to	the	fact	
that	the	machine	beeps	and	flashes	to	remind	you	to	take	your	card	before	it	
dispenses	your	cash.	This	is	an	example	of	human	factors	engineering,	design	
that	takes	into	account	that	‘to	err	is	human’.	How	many	of	us	would	walk	
off	leaving	our	cards	behind	if	cashpoint	machines	did	not	operate	this	way?

Hazards

Other holes due to latent
conditions (e.g. faulty equipment,
lack of staff training or experience)

Successive layers of defences, barriers and safeguards

Some holes due to active
failure (e.g. mistakes,
procedural violations)

Losses

Figure 6.2 Swiss	cheese	model	of	accident	causation.	For	example,	blood	transfusion	has	a	series	of	defences,	barriers	and	safeguards,	from	donation	to	
screening	to	storage	to	administration.	But	in	any	human	system,	these	defences	can	have	holes	in	them – like	Swiss	cheese.	If	the	conditions	are	wrong	and	
these	holes	happen	to	align,	a	major	adverse	event	can	occur.	The	important	thing	to	understand	is	that	in	order	to	prevent	an	adverse	event	from	happening	
again,	the	latent	conditions – or	‘root	causes’ – must	be	addressed.	Errors	rarely	happen	because	of	the	actions	of	one	person.	Reproduced	with	permission	
from	Reason,	J.	Human Error.	Cambridge	University	Press,	1990.

Box 6.1	 Definitions

•	 An	‘adverse	event’	is	an	unintended	injury	caused	by	the	
healthcare	system	rather	than	the	disease	process	itself.

•	 An	adverse	event	may	or	may	not	be	preventable – for	example,	
a patient	with	anaphylaxis	to	penicillin	may	have	had	no	known	
allergies,	therefore	the	adverse	event	could	not	have	been	
prevented.	It	is	estimated	that	around	half	of	adverse	events	are	
preventable.

•	 The	number	of	clinical	errors	is	far	higher	than	the	number	of	
adverse	events – this	is	because	errors	may	not	cause	harm	or	
they	may	be	intercepted	in	time	(e.g.	an	incorrect	prescription).

•	 For	every	major	adverse	event,	there	are	around	29	minor	injuries	
and	300	‘no	harm	accidents’	(known	as	the	Heinrich	
ratio) – adverse	events	are	the	tip	of	the	iceberg.	This	is	important	
because	we	can	learn	far	more	about	why	things	go	wrong	by	
analysing	the	greater	number	of	minor	incidents	that	occur,	which	
is	why	incident	reporting	is	mandatory	and	confidential	in	the	
aviation	industry.
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Simplified processes, standardised ways of doing things, 
 equipment design, thorough induction and training, electronic 
prescribing – these are a few examples of ways in which health-
care can mitigate the ‘human factor’. However, individuals also 
need to understand how the human brain is wired and how they 
can act in a way that makes errors and adverse events less likely.

the limitations of human performance

Humans are not perfect. The human brain is wired to miss things 
that are obvious, see patterns that do not exist, and jump to con-
clusions. Take a look at Box  6.2, but only for a few moments, 
enough to read the sentence twice. How many ‘F’s are there?

When this experiment is given to a room full of people, there is 
a range of opinion. Some people see two ‘F’s, some see three, some 
see four, five or six. This is a group of highly intelligent people 
(usually doctors) who can all read English, who are all looking at 
the same thing – yet as a group they are seeing differently from 
one another. Figure  6.3 shows another simple example. 
Experiments like these are used to teach something called 
‘situation awareness’. Individuals can have situation awareness 
and see what is going on, but a team’s situation awareness can be 
low if no one communicates, especially when something appears 
to be obvious (see Box 6.3).

Drew and colleagues from Harvard asked 23 consultant radi-
ologists to look at CT scans of the thorax specifically to look for 
lung nodules. Unknown to the radiologists, the researchers 
inserted a matchbox‐sized image of a gorilla in some of the 
scans. They found that 83% of the radiologists missed the 
gorilla, which was 45 times larger than the average lung nodule, 

even though they spent an average of 5.7 seconds looking at the 
gorilla‐ containing images and their eyes fixed briefly on the 
exact  location of the gorilla.

This experiment highlights that we are only aware of a small 
part of our visual world at any one time. We focus our attention to 
filter out distractions, but in focusing on what we are trying to see, 
we tend not to notice the unexpected. This explains why in the 
past, many patients were killed by accidental injections of 
potassium chloride solution, which was stored alongside sodium 
chloride (used as a flush) in identical packaging on wards. 
A human expecting to see sodium chloride could easily read the 
label yet miss that it said potassium chloride. The answer to this 
problem was straightforward – potassium chloride is no longer 
stocked on wards.

Humans also see patterns that do not exist and have a tendency 
to ‘fill in the gaps’, make assumptions and jump to conclusions. 
Daniel Kahneman’s book, Thinking, Fast and Slow (Allen Lane, 
London, 2011) sets out the broad theme that human beings are 
intuitive thinkers and that human intuition is imperfect. Box 6.4 
shows one of his examples.

As James Reason said, ‘Good doctors are not those who don’t 
make mistakes; good doctors are those who expect to make 
 mistakes and act on that expectation.’

Our perceptions and performance can be fallible at the best of 
times, but are also adversely affected by:
•	 Night work
•	 Fatigue
•	 Stress
•	 Excessive workload/cognitive overload
•	 Illness

Box 6.2	 How many ‘F’s are there?

Take	only	a	few	moments	to	read	the	following	sentence	twice:

FINISHED FILES ARE THE RESULTS OF
YEARS OF SCIENTIFIC STUDY

COMBINED WITH THE EXPERIENCE
OF YEARS

Figure 6.3 Optical	illusions.	Do	you	see	the	vase	or	the	faces?

Box 6.4	 The lazy system 1

Here	is	a	simple	puzzle.	Do	not	try	to	solve	it	but	listen	to	your	
intuition:

A	bat	and	ball	cost	$1.10
The	bat	costs	one	dollar	more	than	the	ball.
How	much	does	the	ball	cost?

A	number	came	to	your	mind – 10c.	Most	people	come	up	with	
this answer.	As	Kahneman	says,	it	is	intuitive,	appealing,	and	wrong	
(the	correct	answer	is	5c).

Box 6.3	 Situation awareness

‘A	light	aircraft	is	heading	towards	an	airport	surrounded	by	
mountains.	The	captain	has	inadvertently	descended	below	the	
minimum	safe	altitude	and	the	aircraft	is	on	a	collision	course	with	
the	mountain.	It	is	the	co‐pilot’s	first	day	and	he	can	see	that	the	
aircraft	is	headed	towards	the	mountain.	The	captain	is	experienced	
and	has	flown	this	route	many	times	before.	He	is	bored	and	
preoccupied	with	problems	at	home.	The	co‐pilot	reasons	that	such	
an	experienced	captain	surely	knows	what	he	is	doing.	Is	there	any	
need	to	say	anything?’

From	McAllister	B.	Crew Resource Management. Awareness, 
Cockpit Efficiency and Safety.	Shrewsbury:	Airlife	Publishing	
Ltd, 1997.
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In one survey, 75% of pilots said that fatigue affected their 
performance, but only 30% of surgeons said the same. In fact, 
research shows that lack of sleep impacts on performance signifi-
cantly. Registrars in obstetrics and gynaecology participated in 
one experiment (D. Dawson and K. Reid. Fatigue, alcohol and 
performance impairment. Nature 1997: 388;235) in which one 
group worked a 24‐hour shift and the other group (not at work) 
was given alcohol. Cognitive psychometric testing was performed 
at regular intervals. After 17 hours of sustained wakefulness 
(3 am) performance decreased to a level equivalent to a blood 
alcohol concentration of 0.05%  –  the driving limit in most 
Western countries. At the end of the shift (8 am) performance was 
equivalent to a blood alcohol concentration of 0.1% – the reason 
24‐hour shifts no longer exist in the UK.

Chapter 4 described dual process theory –  type 1 and type 2 
thinking. The pathways in the brain involved in type 2 processing 
(the deliberate, analytical type of thinking) are most affected by 
things like sleep deprivation, fatigue and cognitive overload. 
Figure  6.4 shows how lots of factors combine to increase the 
likelihood of cognitive biases, resulting in diagnostic and other 
errors.

How can an individual mitigate against the limitations of 
human performance? The following tips are taken from the 
‘how  to guide’ for implementing human factors in healthcare 
(see ‘Further reading/resources’):
•	 Be self‐aware. If you are stressed and having trouble concen-

trating, consider yourself at greater risk of making a mistake and 
act accordingly.

•	 In emergency situations quickly allocate a leader. Rehearse 
emergency drills as a team.

•	 Perform complex drug calculations away from distractions and 
get them checked by someone else.

•	 Don’t rely on your memory. The human brain can only have seven 
or eight things at its forefront at any one time. Use checklists and 
standard operating procedures to improve compliance with best 
practice.

•	 Be aware that humans often see what they expect to see – this is 
known as ‘involuntary automaticity’.

•	 If a task requires focus and concentration, ensure you cannot be 
distracted.

•	 Simplify your environment and clinical processes as far as 
possible.

Communication within teams

Communication within teams is extremely important when 
flawed human beings are working in flawed systems and busy 
clinical environments full of interruptions. Specific training 
courses exist in the UK for human factors or ‘non‐technical skills’, 
and form part of postgraduate training programmes for theatre 
teams (see Box 6.5 for details).

For effective communication to occur, the message needs to be 
clear in the first place. Then the message has to get through com-
peting demands to the recipient. Then it has to be heard, inter-
preted and translated into action. The majority of adverse events 
include failure in communication as a root cause.

Clear communication involves:
•	 Stating the obvious
•	 Announcing what you are doing
•	 Not using pronouns (e.g. he, she, it, they)

Cognitive 
biases/errors

Internal factors
Knowledge

External factors
Workload

Diagnostic and other errors

•
•
•
•
••

•
•
•
•
•
•

Training
Con�dence
Emotions
Fatigue
Stress
Illness

Interruptions
Patient factors
Team factors
Insuf�cient data

Figure 6.4 Factors	increasing	the	likelihood	of	diagnostic	error.

Box 6.5	 Training courses in human factors (non‐technical skills)

In	the	UK,	the	postgraduate	courses	such	as	Anaesthetists’	
Non‐Technical	Skills	(ANTS)	have	been	developed.	They	focus	on	
cognitive	(awareness,	decision‐making)	and	interpersonal	skills.	
This training	improves	the	performance	of	clinical	teams.
The	domains	of	ANTS	training:

Teamwork Task management
Co‐ordinating	activities	with	the	team
Exchanging	information
Using	authority	and	assertiveness

Assessing	capabilities
Supporting	others

Planning	and	preparing
Prioritising
Providing	and	maintaining	
standards
Identifying	and	utilising	
resources

Situation awareness Decision‐making
Gathering	information
Recognising	and	understanding

Anticipating

Identifying	options
Balancing	risks	and	selecting	
options
Re‐evaluating

•	 ANTS:	Anaesthetists’	Non‐Technical	Skills	System	Handbook.	
University	of	Aberdeen	and	Scottish	Clinical	Simulation	Centre,	
2001.	Available	from:	http://www.abdn.ac.uk/iprc/documents/
ants/ants_handbook_v1.0_electronic_access_version.pdf	
(accessed	February	2016).

•	 NOTSS:	Non‐Technical	Skills	for	Surgeons	System	Handbook	v	1.2.	
2006.	University	of	Aberdeen.	Available	from:	www.abdn.ac.uk/
iprc/notss	(accessed	18	February	2016).

•	 SPLINTS:	Scrub	Practitioners’	List	of	Intraoperative	Non‐Technical	
Skills	Handbook.	University	of	Aberdeen,	2009.	Available	from:	
www.abdn.ac.uk/iprc/splints	(accessed	18	February	2015).
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•	  Using ‘readback’  –  repeating back information to ensure it is 
correct 

•	  Clearly stating what you want from someone 
•	  Clearly articulating safety concerns 
•	  Listening to others   

 For example, as a junior doctor, the author was on a 
respiratory ward round. The consultant, registrar, author and 
ward sister were all looking at a chest X‐ray. After several 
 minutes, the doctors declared it was normal – until the ward 
sister pointed out the huge pneumothorax on the left side. She 
almost did not speak up, thinking the abnormality was so 
 obvious . But in several cases of wrong site surgery in the UK, 
there was someone in theatre who knew it was the wrong 
side,  but did not feel able to speak up. The World Health 
Organization’s safe surgery checklist, includes a ‘time out’ 
before each operation, during which team members must 
 confirm the identity of the patient and the correct site 
(including side) of the procedure. 

 Announcing what you are doing is vital in emergency 
 situations where an entire team is working simultaneously –  it 
would be very easy to accidentally administer the same drug 
again, or not give it at all thinking that someone else has already 
done it. ‘Problematic pronouns’ are rife in clinical practice. In 
hospitals, staff members frequently refer to he/she/it/they instead 
of the patient’s name and location – without realising how easily 
this can lead to errors. The use of ‘readback’ for verbal orders 
(e.g. for medication) and  messages (e.g. telephoned blood results) 
also significantly reduces error. 

 The SBAR (situation, background, assessment, recommenda-
tion) system of communication originated in the military and is 
illustrated in Box   6.6  . In healthcare, it has been shown to increase 
the amount of relevant information being communicated and in a 
shorter time. Probably the most useful component of SBAR is the 
final part  –  recommendation  –  in which the messenger clearly 
states what they would like to happen next. Think about how 
many times someone has simply told you a story without actually 
stating what they would like you to do. 

      Finally, clearly articulating safety concerns and listening to 
others is vital, as in the scenario in Box    6.3  . Other people may 
simply not see what you can see, no matter how experienced they 
are –  to err is human . ‘Red flags’ are warnings – often occurring in 
the minutes leading up to an adverse event. Examples of red flags 
are shown in Box   6.7  . A red flag is a cue for action. It means you 
have to stop to communicate with the rest of the team so the 
situation can be reassessed. 

        Embedding human factors in healthcare 

 How does healthcare adopt human factors  –  from an overall 
understanding of error to design of equipment, workspaces, rotas, 
systems and processes that make it easy for people to do the right 
thing; the limitations of human performance and communication 
within teams? 

 One way is to introduce human factors training – for everyone. 
Fire safety training, for example, is mandatory for staff in  healthcare 

		Box 6.6			 	  The SBAR system of communicating  

 S   Situation  
	I	am	[name/designation]	calling	from	[location]	
	The	reason	I	am	calling	is	because	I	have	a	patient	with	a	
National Early	Warning	Score	of	9	and	he	needs	to	be	reviewed	by	
a	doctor	a.s.a.p.					

	B	 		Background		
	Patient	[name]	was	admitted	on	[date]	with	pneumonia	
	He	is	normally	fit	and	well	
	His	oxygen	requirements	have	been	increasing	throughout	the	
course	of	the	day	

	A	 		Assessment		
	His	vital	signs	are	[read	out	vital	signs]	
	I	think	the	problem	is…	
	OR	I	am	not	sure	what	the	problem	is	but	[name]	is	deteriorating	
	I	have	[actions	performed	so	far]	

	R	 		Recommendation		
	I	need	you	to	come	and	see	[name]	within	the	next	30	minutes	

	The	listener	can	readback	a	summary	of	the	SBAR.	The	caller	can	
readback	any	instructions	to	ensure	that	they	have	been	heard	
correctly.		

  Resources 
			Patient	Safety	First:		http://www.institute.nhs.uk/safer_care/general/
patient_safety_first.html		(accessed	February	2016).	
	National	Early	Warning	Score	(NEWS).	Standardising	the	
assessment of	acute	illness	severity	in	the	NHS.	Royal	College	of	
Physicians	of	London,	2012.	Available	at:		https://www.rcplondon.
ac.uk/resources/national‐early‐warning‐score‐news		
(accessed February	2016)				

		Box 6.7			 	  Red flags  

		A	red	flag,	or	warning,	often	occurs	in	the	minutes	leading	up	to	an	
adverse	event.	Examples	of	red	flags	include:

•	 		Confusion	
•	 	Conflicting	or	missing	information	
•	 	Departure	from	standard	procedure	
•	 	Unease	
•	 	Denial	or	irritability	
•	 	Inaction	
•	 	Alarms	
•	 	Alarming	thoughts		
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organisations in the UK, yet adverse events in  healthcare, in which 
human factors play a large part, harm far more people than fire. 
Figure 6.5 illustrates a human factors training ‘hierarchy’ that could 
be implemented in a typical healthcare organisation.

Summary

Expertise, competence and hard work do not on their own safe-
guard against errors that result in harm. Healthcare staff who are 
trained to understand ‘to err is human’ can ensure their workplace 
and processes are designed with human factors in mind, and 
ensure they act in ways that are safe – including understanding the 
effect of fatigue and stress on performance and communicating 
with other team members in a way that enhances patient safety.

Further reading/resources

Clinical Human Factors Group. Website: www.chfg.org (accessed 18 February 
2016).

Gawande A. The Checklist Manifesto: How to Get Things Right. Profile Books, 
2011.

Gordon S, Mendenhall P, O’Connor BB. Beyond the Checklist: What Else 
Healthcare can Learn from Aviation Teamwork and Safety. ILR Press, 2012.

Human factors in healthcare. A concordat from the National Quality Board. 
London, 2013. Available at: https://www.england.nhs.uk/wp‐content/
uploads/2013/11/nqb‐hum‐fact‐concord.pdf (accessed 18 February 2016).

The ‘How to Guide’ for Implementing Human Factors in Healthcare. Patient 
Safety First Campaign. Available at: http://www.chfg.org/resources/10_qrt01/
Human_Factors_How_to_Guide_2009.pdf (accessed 18 February 2016).

Vincent C, Neale G, Woloshynowych M. Adverse events in British Hospitals: 
preliminary retrospective record review. BMJ 2001; 322:517–19.

Human factors training for all clinical staff 
(including healthcare assistants and porters)

Speci	c team training

Training for clinical 
leaders and managers 

Master’s 
degree/PhD

Figure 6.5 A	human	factors	training	‘hierarchy’.	A	human	factors	training	
programme	in	healthcare	must	include	basic	training	for	all	staff,	adapted	to	
suit	their	roles.	Specific	team	training	(e.g.	theatres,	delivery	suite,	
emergency	department)	is	also	important.	Clinical	leaders	and	managers	
need	a	greater	awareness	of	system,	process	and	equipment	design.	Some	
people	can	gain	a	master’s	degree	or	even	PhD	in	Ergonomics	and	Human	
Factors	and	become	a	project	leader	and	mentor	in	an	organisation.
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