
My	name	is	Nicola	Cooper	and	I’m	a	consultant	in	general	internal	medicine	and	an	
honorary	clinical	associate	professor	in	medical	education.	In	the	former	role	I	am	a	
supervisor,	training	programme	director	and	set	the	national	acute	internal	medicine	
specialty	certificate	exam,	among	other	things.	In	the	latter,	I	am	co-convenor	of	a	
module	on	Nottingham’s	masters	in	Med	Ed	with	a	focus	on	clinical	reasoning,	and	
also	part	of	a	research	team	with	an	interest	in	this	area.	I	also	helped	to	organise	this	
conference	for	my	sins!
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Why	does	clinical reasoning matter?
Well,	there	is	growing interest	in	diagnostic	error	as	a	cause	of	patient	harm.	This	
publication	(IoM	improving	diagnosis	in	healthcare)	was	published	in	2015	and	
highlights	diagnostic	error	as	a	leading	cause	of	preventable	harm.
[read	slide]
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What	I’d	like	to	do	in	the	next	30	mins	is	explain	where	I	think	we	are	in	our	thinking	
about	clinical	reasoning,	and	the	implications	of this	for	teaching	and	learning.
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But	before	that,	I’d	like	to	start	with	an	unfamiliar	scenario – this	is	termed	a	‘Eureka	
problem’	in	psychology.	Once	you	know	it,	it’s	obvious.	What	do	you	think?
[Answer:	send	a	smaller	no	of	troops	via	each	drawbridge	– spread	em out].
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In	the	1970s,	expertise	in	medicine	was	considered	to	be	similar	to	general	thinking	
skills.	However,	this	famous	comprehensive	study	by	Elstein,	Shulman	and	Sprafka
changed	all	that.
Using	simulated	patients	and	cases	they	observed	two	things:
1)	There	was	no	difference	in	the	process	or	strategy	used	by	expert	clinicians	and	
students	– both	quickly	came	up	with	one	or	more	diagnostic	hypotheses	and	this	
guided	the	search	for	further	information.	However,	when	the	experts	produced	a	
diagnosis,	their	rationales	were	more	accurate	because	they	knew	more	as	a	result	of	
clinical	experience,	and	probably	organised their	knowledge	differently	as	a	
consequence.
2)	Success	in	one	problem	was	a	poor	predictor	of	success	in	another.	The	
performance	of	even	experienced	physicians	varied	markedly	from	case	to	case	
within	their	own	specialty.
Elstein	and	colleagues	concluded	that	[read	slide].
Their	findings	were	evidence	against	the	notion	that	clinical	reasoning	was	a	general	
problem	solving	skill,	and	this	led	to	a	change	in	direction,	examining	the	role	of	
knowledge	in	expertise.	
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In	the	years	that	followed,	researchers	studied	medical	expertise	as	the	amount	of	
knowledge	(i.e.	memory)	but	they	got	some	surprising	results.
Given	unlimited	time,	novices	could	remember	as	much	as	experts	– but	
intermediates	(final	year	students)	remembered	more	than	either	novices	or	experts.	
(Schmidt and	Boshuizen called	this	the ‘intermediate	effect’).
But	experts	appeared	to	acquire	information	more	efficiently	and	paid	attention	to	
more	critical	information.	And	they	had	superior	recall	if	they	only	had	short	
exposure	(30s)	to	information.
Experts	appeared	to	have	‘encapsulated	knowledge’	– so	they	performed	worse	on	
laboratory	memory	tests	because	they	focused	their	attention	specifically	on	the	
critical	features	of	a	case	at	the	expense	of	extraneous	details.

Studies of	how	experts	organised their	knowledge	proved difficult.	Many	relied	on	
‘think	aloud’	methods	and	assumed	that	difference	between	novice	and	experts	
accounted	for	the	superior	performance	of	experts	– which	clearly	is	not	the	case.	
But	cutting	a	very	long	story	short,	it	appeared	that	knowledge	is	organised
differently	in	the	brains	of	experts	… relying	more	on	‘problem	representation’	and	
experiential	knowledge,	and	less	on	formal	rules.	What	we	might	call	‘pattern	
recognition’.
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Following	this, dual	process	theory	in	diagnostic	reasoning	became	popular	– the	
notion	that	the	human	brain	has	two	systems	that	drive	problem	solving	and	decision	
making	in	life	and	in	clinical	practice.	In	the	cognitive	psychology	literature,	there	is	
good	evidence	that	human	thinking	and	decision	making	mostly	relies	on	rapid	
intuitive	processing	or	heuristics	(shortcuts/pattern	recognition)	– or	‘Type	1	
thinking’.	And	we	also	have	a	slower,	more	analytical	way	of	thinking	and	decision	
making	– Type	2.	The	two	operate	independently,	simultaneously	and	always.	
While	working	memory	has	limited	capacity,	long	term	‘associative’	memory	has	
limitless	capacity,	and	memories	are	retrieved	based	on	the	strength	of	their	
association	with	new	information	effortlessly.	The	likelihood	of	retrieving	a	similar	
example	is	related	to	the	strength	of	the	association	– which	can	be	influenced	by	a	
number	of	factors,	such	as	the	number	of	times	it	has	been	encountered	before,	but	
also	extraneous	characteristics	such	as	recency	or	vividness	– which	can	lead	to	
errors.

7



This idea	of	Type	1	thinking	being	largely	responsible	for	errors	was	popularised	in	the	
Nobel	prize	winning	author	Daniel	Kahneman’s book	‘Thinking,	Fast	and	Slow’	which	
many	of	you	may	have	read.
Here	is	one	of	the	examples	he	uses	[bat	and	ball	problem].
These	’mistakes’	are	termed	cognitive	biases	… we	all	know	how	to	do	the	maths	(we	
have	the	knowledge),	we	jumped	to	a	conclusion.
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Around	the	same	time,	researchers	decided	that	cognitive	biases	were	a	factor	in	the	
majority	of	diagnostic	errors.
Graber	et	al	identified 100	cases	of	diagnostic	error	through	autopsy	reports,	quality	
assurance	activities	and	voluntary	reports.	90	cases	involved	injury,	including	33	
deaths.	An	average	of	6	system	or	cognitive	factors	were	found	in	each	case.	[read	
slide].
They	stated	that	premature	closure, faulty	context	generation,	misjudging	of	the	
salience	of	findings,	faulty	perception,	and	errors	arising	from	the	use	of	heuristics	
(i.e.	cognitive	biases)	were	the	common	causes	of	faulty	synthesis	and	diagnostic	
error	… AND	they	stated	that	‘faulty	or	inadequate	knowledge	was	uncommon.’
So	people	started	looking	at	ways	of	teaching	about	thinking	processes	and	‘cognitive	
de-biasing’.
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But	this	idea	has	most	definitely	been	challenged.
First,	the	cognitive	psychology	literature	on	dual	process	theory	is	more	
sophisticated.	In	psychology,	heuristics	(Type	1	processes/pattern	recognition)	are	not	
bad.	They	just	are.	In	fact,	they	are	often	successful.	
And	the	evidence	simply	does	not	support	either	that	errors	are	more	common	when	
engaged	in	Type	1	thinking,	nor	that	cognitive	de-biasing	strategies	work.	
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[read	slide]
Second,	later	research	did	not	reproduce	Graber’s	findings.
Researchers	have	studied	diagnostic	error	and	found	that	the	major	source	of	error	is	
‘mistakes’,	defined	as	an	intended	act,	but	the	physician	does	not	know	it	is	incorrect.
Other	research	demonstrates	that	diagnostic	accuracy	correlates	with	both	previous	
experience	with	similar	true	clinical	cases	AND	formal	knowledge	measured	by	
written	exams.
Other	studies	have	shown	that	incorrect	diagnoses	take	the	longest	time,	suggesting	
that	increasing	use	of	the	analytic	Type	2	reasoning	cannot	accommodate	for	gaps	in	
knowledge	or	experience.
And	finally	- this	is	important	- educational	strategies	directed	at	recognising	and	
reducing	biases	are	ineffective	in	reducing	errors.	But	strategies	that	build	
understanding,	that	encourage	clinicians	to	mobilise	and	re-organise	their	knowledge	
(including	basic	science	knowledge)	or	to	reflect	on	the	content of	the	case	have	
shown	benefit,	which	is	presumably	a	consequence	of	directing	participants	to	
identify	additional	knowledge	that	is	relevant	to	the	problem.
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I	really	encourage	you	to	read	this	paper.	Schmidt &	Mamede from	the	Netherlands	
reviewed	the	literature	on	approaches	to	teaching	clinical	reasoning	and	these	are	
their	conclusions	[read	slide].
The	also	discuss	the	fact	that	students	and	doctors	in	different	stages	of	their	training	
may	need	different	kinds	of	support	to	follow	the	path	to	expertise,	and	this	I	think	is	
important.
They say:	‘Given	its	importance,	research	on	teaching	clinical	reasoning	is	lacking.
Learning	clinical	reasoning	skills	cannot rely on	clerkships/osmosis	because	the	
variety	of	cases	is	limited	and	provision	of	feedback	and	coaching	too	haphazard…
‘Medical	educators	need	to	do	more	and	in	a	more	systematic	fashion’.	
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So	this is	where	I	think	we	are	in	2017.
[read	slide]
As	Norman	et	al	said	in	2011,	‘the	interplay	between	formal	knowledge	of	medicine	
and	experiential	knowledge	has	emerged	as	a	central	issue	in	understanding	medial	
expertise.’	(Cambridge	Handbook	of	Expertise	and	Expert	Performance).
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This	makes	sense.	Many qualified health	professionals	lack	knowledge	and	
understanding	in	areas	that	are	fundamental	to	the	diagnostic	process	– like	how	to	
interpret	diagnostic	tests.
In	this	systematic review,	thirteen	studies	provided	data	on	the	proportion	of	
participants	who	correctly	estimated	the	post-test	probability	of	disease	when	
provided	with	data	on	sensitivity
and	specificity	(or	false-positive	rate)	and	the	pre-test	probability	of	disease.	The	
results	were	pretty	poor.
So	what	are	the	implications	for	teaching	and	learning	clinical	reasoning?

[This	varied	from	0%	to	61%,	but	the	proportion	of	study	participants	who	did	not	
respond	was	between	<1%	and	40%].
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But	before	we	get	on	to	that	I’d	like	to	give	you	a	medical	problem	to	solve.

Did	anyone	recognise	this	is	the	same	problem	as	the King	Arthur	problem?	This	
illustrates	the	problem	of	transfer.	The	initial	solution	was	learned	in	the	context	of	
military	operations.	We	behave	as	though	all	knowledge	we	have	gained	will	be	
available	to	us	when	faced	with	new	problems	– unfortunately	the	evidence	is	it	
won’t.

15



What	do	we	mean	by	knowledge?
Knowledge	is	not	just	‘facts’.	When	we	say	knowledge,	we	mean	factual	knowledge,	
but	also	conceptual	knowledge,	procedural	knowledge,	and	metacognitive	
knowledge.
‘The	interplay	between	formal	knowledge	of	medicine	and	experiential	knowledge	…’
We	know	there	are	different	types	of	knowledge	and	different	types	of	memory.	I	
mainly	teach	Registrars.	An	incomplete	knowledge	base	or	inadequate	experience	
AND	lack	of	reflection	on	experience	and	study	is	the	main	difficulty	I	observe.	
So	for	me,	as	an	educator	interested	in	clinical	reasoning	– the	literature	I	have	just	
summarised	here	leaves	me	with	some	questions	about	how	we	teach	and	how	
people	learn	to	reason	effectively	in	clinical	practice.
And	I	will	pose	them	here.
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[Pantomime	– ‘oh	no	we	don’t!’	/ ‘oh	yes	we	do!’].
[Read	slide] i.e.	get	in	to	long	term	memory	and	more	likely	to	be	recalled.
Have	people	heard	of	spaced	practice	vs	massed	practice?	Or	interleaving?	(Mixed	
practice	vs	blocked	practice).
Retrieval	practice?	Elaboration?	Dual	coding	etc.?
Studies	in	education,	including	medical	education,	show	superior	knowledge	
retention	(and	long	term	recall)	when	these	strategies	are	used	in	teaching	and	
learning.	And	to	learn	more,	I	really	encourage	you	to	read	this	book.	The	evidence	is	
that	‘desirable	difficulties’,	conditions	that	are	perceived	as	slowing	down	learning	
and	that	elicit	more	errors,	are	often	beneficial.
There	is	good	evidence	that	our students	and	teachers	often	use	the	least	effective	
strategies.
And	medical	textbooks	certainly	don’t	help.
For example:	interleaving (mixing	up	topics	e.g.	compare	and	contrast	PE	vs	
pneumonia)	aids	discrimination	between	similar	things	and	results	in	superior	
reasoning	skills.
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If	knowledge	is	important,	do	we	have a	formal	clinical	reasoning	syllabus?	
Here’s	an	example	from	our	book,	the	ABC	of	Clinical	Reasoning	– listing	some	
knowledge	and	skills	that	are	key	in	the	diagnostic	process.
Well,	Rencic et	al	posed	this	question	this	year	to	91	medical	schools	who	said	that	
internal	medicine	clerkship	directors	thought	clinical	reasoning	should	be	taught	
throughout	the	4	years	of	medical	school,	with	the	greatest	emphasis	in	the	clinical	
years,	but	only	a	minority	reported	having	teaching	sessions	devoted	to	clinical	
reasoning,	citing	a	lack	of	curricular	time	and	faculty	expertise	as	the	largest	barriers.
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At the	appropriate	stage	of	training	…
[read	slide]
I	encourage	you	to	read	this	book,	which	is	a	wonderful	layman’s	summary	of	the	
literature	on	expertise	and	covers	things	from	deliberate	practice	to	mindset.
Learners	with	a	performance	orientation	(fixed	mindset)	– a	desire	to	get	the	right	
answer	– will	struggle	with	uncertainty	and	may	get	the	right	answer	for	the	wrong	
reason	(lack	understanding).	People	with	mastery	orientation	(growth	mindset)	have	
greater	motivation	and	perseverance	and	are	more	likely	to	get	better.	As	teachers	
we	can	create	the	conditions	and	foster	the	right	kind	of	mindset.	It’s	important	that	
learners	understand	the	goal	is	mastery not	performance.	This	links	with	self-
regulated	learning	which	some	of	you	may	have	heard	about.
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*Depending on	the	level	of	the	learner	and	difficulty	of	the	case,	reflection	is	
consistently	beneficial	in	studies	of	diagnostic	decision	making.
[Read	slide]
AND,	do teachers	have	the	knowledge	themselves	to	be	able	to	identify	and	
address	knowledge	gaps	that	learners	may	have?
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I	put	this	case	up	at	a	recent	workshop on	teaching	clinical	reasoning	for	clinical	
teachers.	To	me,	there	can	only	be	one	diagnosis.	
But	out	of	15	consultants	in	different	specialties	in	the	room,	only	one	person	said	it	–
and	that	was	the	respiratory	physician.	There	is	so	much	knowledge	here	about	risk	
factors,	how	PE	presents	in	real	life and	likelihood	ratios.	(The	only	vital	sign	with	a	
useful	negative	likelihood	ratio	in	the	diagnosis	of	suspected	PE	is	a	heart	rate	less	
than	90	– so	normal	sats,	very	common.	Also	SOBOE	– novices	misunderstand	
thinking	SOBOE means	a	cardiac		cause,	not	respiratory	..	?!?)	We	often	assume	
people	have	knowledge	and	understanding	when	they	don’t.	As	educators	we	need	
to	probe	more	deeply.
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Finally,	particularly	relevant to	postgraduate	education,	to what	extent	to	we	ensure	
that	the	environment	in	which	learning	takes	place	is	as	good	as	it	can	be	to	support	
learners	develop	sound	clinical	reasoning	skills?
I	personally	think	that	if	we	think	about	all	the	questions	I	have	just	posed,	there	is	a	
lot	more	we	need	to	do.
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This	is	my	Dad	… in	ICU.	At that	time,	he	was	a	65-year-old	man	with	a	change	in	
bowel	habit	for	more	than	4	weeks,	with	some	intermittent	blood	in	his	stools.	He	
was	diagnosed	with	… “a	bug”	by	an	experienced	GP	and	asked	to	give	a	stool	
sample,	which	was	normal,	but	never	followed	up.	Luckily	he	has	a	doctor	for	a	
daughter.	Clinical	reasoning	matters.	Knowledge	matters.	Medical	education	matters.
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Thank	you.

24



25



There	is	good	evidence	that	some	strategies	work	better	than	others.
There	is	good	evidence	that	our students	and	teachers	often	use	the	least	effective	
strategies.
And	medical	textbooks	certainly	don’t	help.
So, meaningful	information	is	better	retained	and	recalled	– because	it	is	to	do	with
understanding/context.
Learning	that	builds	on	pre-existing	knowledge	is	also	better retained	(e.g.	Leicester	
taught	students	neurol exam	before	neuroanatomy!)
Interleaving (mixing	up	topics	e.g.	compare	and	contrast	PE	vs	pneumonia)	aids	
discrimination	between	similar	things	and	is	superior	to	learning	topics	in	a	block	
before	moving	on	to	the	next	one.
Likewise	shorter	sessions	over	a	period	of	time	as	opposed	to	a	whole	day	of	teaching	
is	more	effective	– allowing	a	little	forgetting	to	set	in	before	revisiting	a	topic	leads	
to	better	long	term	recall.

Practice	is	critical	for	learning.	Starting	with	prototypal	cases	and	becoming	more	
ambiguous/teaching	how	diseases	present	in	real	life	(e.g.	only	half	of	people	with	
meningitis	have	neck	stiffness	on	examination).	Corrective	feedback	is	really	
important	as	well.
Fascinating	because	I’m	not	sure	we	teach	or	learn	this	way	(textbooks,	lectures,	
modules	..)
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