
Understanding variation



“The central problem in management and leadership 
…is failure to understand the information in variation”

William E Deming 

Out of the Crisis (1986) MIT pg 309
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Colorectal cancer

• McArdle & Hole (1991)

• Variation in outcomes by surgeon

• 1974-1979 study period
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Case Mix

• Surgeon Survived Died % Hazard Ratio

• A 82 16 16 1.10

• B 58 8 12 1.03

• C 49 9 16 0.87

• D 45 7 13 1.09

• E 37 15 29 1.09

• F 41 5 11 0.86

• G 35 3 8 0.86

• H 26 11 30 1.61

• I 31 5 14 0.91

• J 27 7 21 1.05

• K 28 4 13 0.59

• L 19 2 10 0.97

• M 18 3 14 0.79

McArdle & Hole BMJ 1991;302:1501-5
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The conclusions are clear. Some surgeons perform less 

than optimal surgery; some are less competent technically 

than their colleagues…If by more meticulous attention to 

detail the results of surgery could be improved..
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McArdle & Hole BMJ 1991;302:1501-5



Shewhart’s Theory of Variation

• Letter a

COMMON CAUSE

(SYSTEM)

ACTION: PROCESS

SPECIAL CAUSE

ACTION: 

FIND (& ELIMINATE)PROCESS OF WRITING
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Every system is perfectly designed to produce the results it does
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• Common Causes of variation
• Those causes that are inherent in the system (or process), affecting everyone 

working in the system and affects all outcomes between people and over time.

• Special causes of variation
• Those causes that are extrinsic to the system (or process), not affecting 

everyone, but arise from assignable “root” causes.



Mistakes

• Two types of mistakes
• 1: Treat an outcome resulting from common cause as if it were special cause

• 2: Treat an outcome resulting from special cause as if it were common cause

• 3 sigma
“minimise losses due to either mistake”



Resistor Data



Deming

• Management & leadership
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Colorectal Cancer
• Surgeon Survived Died % Hazard Ratio

• A 82 16 16 1.10

• B 58 8 12 1.03

• C 49 9 16 0.87

• D 45 7 13 1.09

• E 37 15 29 1.09

• F 41 5 11 0.86

• G 35 3 8 0.86

• H 26 11 30 1.61

• I 31 5 14 0.91

• J 27 7 21 1.05

• K 28 4 13 0.59

• L 19 2 10 0.97

• M 18 3 14 0.79

McArdle & Hole BMJ 1991;302:1501-5

The conclusions are clear. Some surgeons perform less 

than optimal surgery; some are less competent 

technically than their colleagues…If by more meticulous 

attention to detail the results of surgery could be 

improved..

13



Colorectal Cancer

McArdle & Hole BMJ 1991;302:1501-5
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Colorectal Cancer
Case-mix Adjustment

McArdle & Hole BMJ 1991;302:1501-5
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Question

• How should we go about “investigating” special cause variation in 
healthcare?



The scientific method

• Hypothesis-generation-testing cycle



Process 

of Care

Structure/
Resources

Case mix

Data



Targets

• Why?

– Targets motivate people

– Targets make people accountable

– The alternative to targets is fluff & 
anarchy

– Impossible to run a system without 
targets

– Targets enable comparison

– Targets have unintended consequences

• “Targets …make performance worse” John 
Sheddon 2008

– They become the defacto purpose



Target £££

Actions?

1. Change the underlying system

2. ? Distort the data

3. ? Distort the system

4. ? Distort the target
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Time
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“If you have a stable system, then 

there is no use to specify a goal. 

You will get whatever the system 

will deliver. A goal beyond the 

capability of the system will not be 

reached. If you have not a stable 

system, then there is no point in 

setting a goal. There is no way to 

know what the system will 

produce: it has no capability.”

Shewhart
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Targets and the 
defacto purpose

• Police:

– “Police officers described a bullying culture where 
they were targeted on the number of arrests they 
made…”

– “…the UK Statistics Authority withdrew the gold 
standard status from police figures for reasons of 
‘accumulating evidence of unreliability’”

• The Cobra Effect

– In British India a reward was offered for dead 
cobras in an attempt to reduce the danger to 
humans. It worked well for a period but then 
people started to breed cobras to kill then to collect 
the reward

– http://cognitive-edge.com/blog/of-effects-things/



Crime Figures

• 1997 UK Govt set targets for crime reduction –

– one police force showed a  27% reduction in 
“theft from a motor vehicle” (for which 
there was a target and a 407% increase in 
“vehicle interference” for which there was 
no target. 

• By 2014 – the reputation of crime statistics was 
in tatters – following 12 govt commissioned 
reports and a parliamentary inquiry which 
eventually led the UK Statistics Agency 
removing them from the national statistics 

• (pg 61 Bad Data)
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• Dr A

• Dr B

• Dr C

LOS

Avg 4 days

Stdev 1.3 days
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Order of data has 
vital information
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BMJ 2020;371:m3840 
http://dx.doi.org/10.1136/bmj.m3840
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Key points : variation is the voice of the 
system 
• Systems cause variation

• Common cause – due to the system 
• Special cause – extrinsic to the system

• Systems capability vs targets

• Visualise variation
• Run charts
• Statistical Process Control Charts, Funnel plots
• …

• Reflections…
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Share your 
insights…

Any key insights...

So what…

(any scope for application)

One wish…


	Slide 1: Understanding variation
	Slide 2
	Slide 3: Colorectal cancer
	Slide 4
	Slide 5
	Slide 6: Shewhart’s Theory of Variation
	Slide 7
	Slide 8
	Slide 9: Mistakes
	Slide 10: Resistor Data
	Slide 11: Deming
	Slide 12
	Slide 13: Colorectal Cancer
	Slide 14: Colorectal Cancer
	Slide 15: Colorectal Cancer Case-mix Adjustment
	Slide 16: Question
	Slide 17: The scientific method
	Slide 18
	Slide 19: Targets
	Slide 20
	Slide 21
	Slide 22
	Slide 23: Targets and the defacto purpose
	Slide 24: Crime Figures
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30: Key points : variation is the voice of the system 
	Slide 31: Share your insights…

