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Judgement or Improvement? Understanding variation

Data provides the insights to understand how systems are performing, develop improvement 
strategies, build energy to keep improvement efforts going, and evaluate the impact of the 
improvement work. 

But often data are not presented in a way to promote the greatest understanding. This session 
will explore effective data analysis and graphical methods to present the story that you want to 
tell.
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Session Objectives

• Describe Shewhart’s theory of variation 

• Identify data reports that should incorporate the use of Shewhart charts 

• Commit to using Shewhart’s method to promote learning and effective decision-making

from data and reports

I hope to extend the application of Shewhart’s methods presented in to data sets across a 

range of publically available sources used to assess conditions and make decisions based 

on them. The scale of these data sets makes the failure to understand and apply 

Shewhart’s theory even more important than data from individual organisations.



Adapted from Health Care Data Guide, p. 68

Why do we need to learn from graphs of the data? 



Stages of Facing Reality:

Reaction to Data 

• “The data are wrong”

• “The data are right, but it’s not a problem”

• “The data are right; it is a problem; but it 

     is not my problem.”

• “I accept the burden of improvement”

from Escape Fire, Don Berwick, (2002 Forum Speech), page 287-288



Referenced in HCDG, page 29



Table 2.1, HC Data Guide, p. 29



Are We Working with Data for Accountability?

Tip-Offs that we are working with accountability data:

• Data not viewed over time
• Data expressed as a percentile 
• A measure that yields nearly all 0s or all 100%
• Case-mix adjusted or indexed data

Difference between measurement for judgment and 
improvement is important to consider when developing 
measures for your improvement project
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Figure 2.2:  Measurement for Accountability Vs. Improvement
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Figure 2.3:  Moving from Judgement to Improvement Measures



Manager: 
“congratulations  on 
the nice decrease in 
LOS.

Team’s actual LOS data 
(they had not started 
improvement work yet)

the index is useful for
comparison or judgment, 
but, in improvement work, it 
should not replace the
actual measurement of LOS.

HC Data Guide, p. 34



Setting Goals and Targets for Measures

• Be very careful in setting a target until the capability of the system is 
understood.

• Need to have stable systems (eliminate unnatural variation) before 
determining capability.

• Goodhart’s Rule:  "When a measure becomes a target, it ceases to be 
a good measure." Charles Goodhart (1975).

• From W. E. Deming’s 14 points:

#10. Eliminate slogans, exhortations, and targets for the work force asking for zero 
defects and new levels of productivity. Such exhortations only create adversarial 
relationships, as the bulk of the causes of low quality and low productivity belong to 
the system and thus lie beyond the power of the work force.

12



NHS 4-hour A&E Target

Nationally, hospital A&E 

departments are measured 

on 95% compliance with the 

“4 hour target”.

Longman MA CEng FIMechE, Visiting Research Fellow, University of York. Executive, Patient Access, Formerly LCR PCT, Dec 2011

13

▪ What does the target mean for patients? Frequency distribution of recorded 
arrival to discharge or admission shows powerful effect at 230 minutes. 

▪ Evidence shows many decisions are made close to 4 hours. 

▪ Only one hospital in England shows no evidence of distortion or fear in A&E figures 
near 4 hour target. Performance is lowest decile on % inside 4 hour target at 86%, 
vs pass rate of 95%. 



Source: A&E Attendances and 
Emergency Admissions 2017-
18.

How has the 
system performed 
since setting the 4-
hour standard?

https://www.england.nhs.uk/statistics/statistical-work-areas/ae-waiting-times-and-activity/ae-attendances-and-emergency-admissions-2017-18/
https://www.england.nhs.uk/statistics/statistical-work-areas/ae-waiting-times-and-activity/ae-attendances-and-emergency-admissions-2017-18/
https://www.england.nhs.uk/statistics/statistical-work-areas/ae-waiting-times-and-activity/ae-attendances-and-emergency-admissions-2017-18/


Recent Reports (less focus on 4-hour target



• Using outcome measures to assess progress 
towards the project’s aim
•Using process and balancing measures to assess 
whether the system as a whole is being improved
•Using data from the system to focus 
improvement and refine changes  

• Using specific measures for learning during 
PDSA cycles

Using Data for Improvement

HC Data Guide, p 25
16



Walter Shewhart, 1931, Economic Control of Quality of Manufactured Product

Theory of Common and Special Causes of Variation

Application of Control Charts to Manufacturing

“We are sold on the idea of applying scientific principles. However, a change is coming about in 

the principles themselves and this change gives us a new concept of control.”



W. E. Deming, Out of the Crisis, 1986 (and other publications)

“Another half-century may pass before the full spectrum of Dr. 

Shewhart’s contributions has been revealed in liberal education, 

science, and industry”.



T. Nolan and L. Provost, 1990, Understanding Variation, ASQ Quality Progress

Examined how Walter Shewhart’s theory of variation could be used in decision making by 

individuals and organisations in non-manufacturing situations. The paper included 

examples of the economic and psychological losses associated with inappropriate 

reaction to variation in data.



November, 2016 Issue of ASQ Quality Progress

We want to extend the application of Shewhart’s 
methods presented in our 1990 article to data sets 
across a range of publicly available sources—sources 
that are used by and the basis for the U.S. government 
and other organisations to assess conditions and 
make decisions.



Shewhart’s Theory of Variation

A fundamental concept of the science 

of improvement is that variation in a 

measure has two potential origins: 

common causes and special causes.

Common Causes are 

inherent in the system 

over time, affecting 

everyone working in the 

system and all system 

outcomes.

Special Causes are not part of 
the regular system but arise 
because of particular 
circumstances or some “special” 
source of variation that can be 
assigned to some identifiable 
cause

HC Data Guide, p. 124



Shewhart Charts
The Shewhart chart is a statistical 

tool used to distinguish between 

variation in a measure due to 

common causes and variation 

due to special causes 

(Most common name is a control chart, more descriptive is learning charts 
or system performance charts) HC Data Guide, p. 130-131



HC Data Guide, Figure 4.1, p. 128

Use of Shewhart’s Theory to Guide Improvement



Updating Limits after Improvements



Which chart 

should I use 

for my 

measure?

What kind 

of data do 

I have?

HC Data Guide p. 163

7 Basic Shewhart 
Charts



Background

In Health Care Systems around the world, we see:

• Massive increases in publicly available data and data 
repositories

• Desire to use data to make good decisions and identify 
trends and patterns

•  Public would like to know if interventions and policies are 
having their intended impact.





Case: Assistant Secretary for Planning & Evaluation:
Health System Measurement Project

• Publically available (Open Source)

• Tracks gov’t data on critical U.S. health system indicators 

• Presents national trend data in different formats

• 10 main categories

HHS’s Office of the Assistant Secretary for Planning and Evaluation has developed the Health 
System Measurement Project to ensure a robust monitoring system through which people inside 
and outside government can assess how the system is doing and identify areas that need 
improvement. 

http://aspe.hhs.gov/


Quality Category

Measure: Percentage of NH residents experiencing one or more falls with major injury 

in the past 30 days – CMS Minimum Data Set
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Question: Are 
we getting 
better or worse?

“When taking this scale of scored values into account…it is easy to see that they are 

not changing very much from quarter to quarter.”  Final Analytic Report as 

summarised for CMS



Shewhart I chart - with shift detected
data points below and above limits, ≥ 8 points below and above center line

Process is not stable and has fundamentally changed in a negative 
direction.  We can now separate pre and post shift phase.



I Chart with Phase Separation

Phase 1
Old stability

Phase 2
New stability
Predicts future range

What might explain this shift, what can we learn?

What we learn with 
Shewhart Chart:
• Shift beginning 2007 Q4
• New predictable range 

(14.9 to 15.4%)
• National increase 0.5% 

(3.4% relative increase)
• 9 additional annual 

deaths in Phase 2



Case: Centers for Disease Control and Prevention:
Infant Mortality

• Publically available (Open 

Source)

• Tracks infant mortality in U.S. 

over time 

• Presents national trend data in 

different formats

• Includes annual breakdown by 

state



Shewhart Charts 
for Infant 
Mortality



Shewhart Charts for 
Infant Mortality in US

Do any states 
demonstrate special 
Cause variation?
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Shewhart Funnel Plot of 2012 US Infant Mortality Rates by State

States ordered by Number of Live births (low to 
high)



Use of bar chart increases risk 
of tampering – acting on data 
based on the belief that the 
variation is a special cause.

The Effects include:

1. Compromised learning
2. Increased variation
3. Demoralising those 

improperly signaled out.



Case Study: COVID Response to Variation:
Every  day is a new story; Reason to panic or be hopeful

NY Virus Deaths 
hit New High

Daily death toll sees one 
day drop, Gov. says 
crisis could be 
plateauing

Virus toll shows 
sign of leveling off

NY Virus Deaths hit 
Another New High

Gov. warns death 
toll could keep 
rising

NY reports first decline in 
COVID deaths

Deaths 
rise               

by 7.3%

The public, policy makers and politicians react to what they think is happening in real time (no system view)

Headline: NYC Death Toll 
Spikes 110% in 36 Hours; 
Cuomo Blasts ‘Terrible’ Fed 
Plan

NY State 
Surpasses Grim 

Milestone

New York State, 2020



Pressed on whether the state was at an apex of coronavirus fatalities, 
Cuomo emphasized that he can't be sure.

"The statisticians will not give you a straight answer on anything," he 
responded. "At first, it was straight up and straight down, or a total V. Or 
maybe it's up with a plateau and we're somewhere on the plateau. They 
don't know."

New York Governor, Andrew Cuomo
12/11/2024



A Hybrid 
Shewhart Chart 
for Covid-19 
Deaths

2020 Paper on Initial Method Applied to Covid deaths



Key Observations:
1. State were in 

different phases of 
growth

2. Many (but not all) 
were progressing

April, 2020

12/11/2024
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The Shewhart chart for 
epidemic data was based 
on the theoretical 
epidemic trajectory.

The “four-epoch” 
framework in this figure to 
characterise the specific 
type of Shewhart chart 
and the special cause 
signals that suggest the 
beginning or ending of an 
epoch

FIGURE 14.1  Example of Typical Epidemiological Curve with Four Epochs

HCDG, Page 478



Epoch 1: Pre-exponential 
growth
Epoch 2: Exponential growth

Epoch 1

Epoch 3

Epoch 3

World – Covid-19 Deaths by Epochs Over Time

Epoch 3: Decline or plateau 
Epoch 4: Stability after 
descent 

Red dots = statistical signal of changing 
conditions



2021 Paper on Final Method applied to Covid cases, hospitalizations, ICU admissions, and deaths



US and Inter-
national 
Websites 
present daily 
updates of the 
charts for cases 
and deaths for 
countries

and States in 
some countries
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FIGURE 14.2   Example of Hybrid-Shewhart Chart for Epidemic Data

HCDG, Page 478



1. Minimising the risk and psychological 
toil of reacting to every data point as if it is 
a meaningful signal of changing conditions

2. Identifying precisely the day when the 
number of epidemic events in a 
geographic region (county, state, country) 
have begun to grow exponentially

3. Identifying precisely the day at which the 
number of daily deaths in an area has 
peaked and is entering the flat part of the 
epidemiologic curve.   

Use of Shewhart chart method with pandemic data



12/11/2024

https://www.hse.ie/eng/about/who/qid/covid-19-
qi-learning/resources-developed-to-support-the-
national-covid19-response/understanding-
variation-in-key-covid-19-indicators-in-ireland-
using-statistical-process-control-shewhart-
charts.pdf 

Daily reported 
Covid Cases in 
Ireland

https://www.hse.ie/eng/about/who/qid/covid-19-qi-learning/resources-developed-to-support-the-national-covid19-response/understanding-variation-in-key-covid-19-indicators-in-ireland-using-statistical-process-control-shewhart-charts.pdf
https://www.hse.ie/eng/about/who/qid/covid-19-qi-learning/resources-developed-to-support-the-national-covid19-response/understanding-variation-in-key-covid-19-indicators-in-ireland-using-statistical-process-control-shewhart-charts.pdf
https://www.hse.ie/eng/about/who/qid/covid-19-qi-learning/resources-developed-to-support-the-national-covid19-response/understanding-variation-in-key-covid-19-indicators-in-ireland-using-statistical-process-control-shewhart-charts.pdf
https://www.hse.ie/eng/about/who/qid/covid-19-qi-learning/resources-developed-to-support-the-national-covid19-response/understanding-variation-in-key-covid-19-indicators-in-ireland-using-statistical-process-control-shewhart-charts.pdf
https://www.hse.ie/eng/about/who/qid/covid-19-qi-learning/resources-developed-to-support-the-national-covid19-response/understanding-variation-in-key-covid-19-indicators-in-ireland-using-statistical-process-control-shewhart-charts.pdf
https://www.hse.ie/eng/about/who/qid/covid-19-qi-learning/resources-developed-to-support-the-national-covid19-response/understanding-variation-in-key-covid-19-indicators-in-ireland-using-statistical-process-control-shewhart-charts.pdf


Summary

How can we improve our learning from variation in health care?
Any time that data is presented, we recommend asking two questions: Is 
the process currently stable (are there special causes we can learn 
from)? And based on this knowledge, what type of action makes sense?

When presenting public data:

• Make data available over time.  

• Provide data in formats that allow for construction of Shewhart charts. 

• Determine whether a process is stable before drawing conclusions or 

making decisions. 

• Think carefully and creatively about how to stratify data. 



Key strategies for leaders to encourage learning from 
data

• Use data to create light, not heat

• Use targets and goals carefully. Use them to set priorities but don’t make them the 
focus for learning.

• Aways insist on seeing data as a time series (Shewhart charts, run charts).

• Study multiple measures (at the same time) to appreciate performance in complex 
health systems.

• Minimise complexity of plotted data values (e. g. stay away from moving averages).

• Be cautious when using data adjustments and transformations. Do not lose 
knowledge about the base data. (Example, graphing “expected vs actual”)

• Make your intent to move to complete transparency in sharing data for learning.

• Minimise judgement and optimise learning when studying variation from different 
care sites.

HC Data Guide, 2nd edition, Chapter 13



Key Dates:
• Orientation Call – 19th February 2025
• Call 1 – 25th March 2025
• Call 2 – 1st April 2025
• Call 3 – 23rd April 2025
• Call 4 – 30th April 2025

Better Measurement: Data for Improvement: Asia-Pacific Region | 
Institute for Healthcare Improvement

https://www.ihi.org/education/training/better-measurement-data-improvement-asia-pacific-region
https://www.ihi.org/education/training/better-measurement-data-improvement-asia-pacific-region
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