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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

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

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov
Measure (%) 83 80 81 84 83 85 68 87 89 92 91
Run Chart of Measure (%)
Goal = 90%
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R o
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Adapted from Health Care Data Guide, p. 68



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.”

* “| accept the burden of improvement”

from Escape Fire, Don Berwick, (2002 Forum Speech), page 287-288
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PERFORMANCE MEASURES AND MEASUREMENT

The Three Faces of Performance k
Measurement: ' ||+ T
Improvement, Accountability,
and Research
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“We are increasingly realizing not only how critical
measurement is to the quality improvement we seek but also
how counterproductive it can be to mix measurement for
accountability or research with measurement for improvement.”

Referenced in HCDG, page 29 "



Data for Improvement, Accountability and Research

Aspect

Improvement

Judgment or
Accountability

Clinical Research

Aim

Improvement of care delivery
process, system, and outcomes

Judgment, choice, reassurance,
spur for change

New generalizable knowledge

Test observabhility

Test observable

No test, evaluate current
performance

Test blinded

Bias

Accept consistent bias

Measure and adjust to reduce bias

Design to eliminate bias

Sample size

“Just enough” data, small
sequential samples

Obtain 100% of available and
relevant data

“Just in case” data

Flexibility of
hypothesis

Hypothesis flexible; changes
as learning takes place

No hypothesis

Fixed hypothesis

Testing strategy

Sequential tests

Mo tests

One large test

Determining
if change is
improvement

Run charts or Shewhart
charts

Mo focus on change. May monitor
with time series charts.

Hypothesis tests (T-tests, F-tests,
Chi-square), p-value

Confidentiality of
data

Data used only by those
involved in the improvement

Data available for public
consumption

Research subjects’ identities
protected

Frequency of Data
Feedback to User

Daily, weekly, monthly

Quarterly, semi-annually,
annually

Table 2.1 HC Data Guide. pn. 29

At end of research project




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 Os 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




Figure 2.2: Measurement for Accountability Vs. Improvement
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Figure 2.3: Moving from Judgement to Improvement Measures
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FIGURE 2.5 Measure Based on an Index Instead of Actual Units
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HC Data Guide, p. 34

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.



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
d 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.

i



NHS 4-hour A&E Target

Nationally, hospital A&E
departments are measured
on 95% compliance with the
“4 hour target”.

Patients

Number of patients by duration in A&E

3500

—— Sent home

3000

f —@— Admitted

2500

2000

120 1e0 200 240 280 320 360 400 440 480

Minutes in A&E

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.

13

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%.

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



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

Source: A&E Attendances and
Emergency Admissions 2017-

18.

Figure 2: Performance against the four-hour standard, all types of
A&E, by month, England
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https://www.england.nhs.uk/statistics/statistical-work-areas/ae-waiting-times-and-activity/ae-attendances-and-emergency-admissions-2017-18/
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Recent Reports (less focus on 4-hour target

NHS emergency department attendances and waits in England

January 2019 to August 2022

Total attendances

2,400,000
Y ’»

\’3'{\ ‘?9'

2,200,000

2,000,000

1,800,000

1,600,000

1,400,000

1,200,000

1,000,000

800,000

600,000

400,000

200,000

=

?} d; @P @? ?g d} @- ﬁ? @ﬁ @J ﬁf ?}

Source: NHS England A&E Attendances and Emergency Admissions statistics

30,000
28,000
26,000
24,000
22,000
20,000
18,000
16,000
14,000
12,000
10,000

8000

6000

4000

2000

0 ..-IIIIIIIIIIII----IIIII...III||||‘

N N
&

12+ hour wait (from decision to admission)

12+ hour wait (from decision to admission)
Feb-22: 15,404

N N W
I \I f P nl I \\J
> é ¢ 1@ @

YQ d’ @P é? Y} o~ ﬁ? g& @ﬁ (o)
ocva B8



Using Data for Improvement

Model for Improvement _
What are we trying to / * Using outcome measures to assess progress

accomplish?

T towards the project’s aim

- change is an improvement? ey, . .
" What change can we make *Using process and balancmg measures to assess

that will result in improvement?

( )\whether the system as a whole is being improved

*Using data from the system to focus
improvement and refine changes

Do === + Using specific measures for learning during
PDSA cycles

HC Data Guide, p 25



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.
W. EDWARDS

Shewhart's contributions has been revealed in liberal education,
DEMING

science, and industry”.

CHAPTER 11: Common Causes and Special Causes of Improvement. Stable

The central problem inmanagementandinleadership, in OUT OF
the words of my colleague Lloyd S. Nelson, is failure to

understand the information in variation. (p. 309)
THE CRISIS
Only information from a stable system tells us about the process.

94% of variation belongs to the system (management's
responsibility). 6% is special or unique to individuals.

No amount of care or skill in workmanship can overcome
fundamental faults in the system. (p. 315)

Adjustments based on variations within a stable system augment the problems.




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.

Figure 7. Gontrol charls for sales figures.
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Figure 8. Typical path of frustration.
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November, 2016 Issue of ASQ Quality Progress

Varlatlon

Control of Quality of Manufactured Product. He asserted that his theory'
and methods were an innovation to the science of management and wrote:
“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
CONCeDL Of CONIIo! "

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.

In 50 Words
Or Less

e Decisions made without
knowledge of common
and special causes
often lead to increased
variation, poor perfor-
mance and misattrib-
uted credit or blame.

e Extending the ap-
plication of Walter
Shewhart's approach
to variation to datasets
across a range of pub-
licly available sources
IS an opportunity to
Improve decision mak-
Ing and learning from
reported data.




Shewhart’s Theory of Variation >METHOD

from the Viewpoint
of Quality Control

A fundamental concept of the science
of improvement is that variation in a
measure has two potential origins:
common causes and special causes.

Walter A. Shewhart, Ph.D.
1891-1967

Another half-century may pass
before the full spectrum of Dr. Shewhart's contributions
has been revealed in liberal education, science, and industry.

W. Edwards Deming

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

Common Causes are
Inherent in the system
over time, affecting
everyone working in the
system and all system
outcomes.

HC Data Guide, p. 124



S h eWh a r‘t C h a rts Form of a Shewhart Chart with Equal Subgroup Sizes
90 — Individuals Chart
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(Most common name is a control chart, more descriptive is learning charts "
or system performance charts) HC Data Guide, p. 130-131



Use of Shewhart’s Theory to Guide Improvement

Percent ED Returns within 48 hours: P Chart

% 48 hour Readmissions - P Chart :j: . A
R Select a Key Measure Related to the Aim of the Improvement Effort . *— —
::: A . ) . * — . -~ * 2.0% 26% . “:__‘o
5% ¢ «® b 2i2%
o BT ———— b ¥ 20% [ ‘; mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
_ - Develop an Appropriate Shewhart Chart for the Measure

Identify Common Cause(s) ! Identify Special Cause(s)
Tools/Methods: Tools/Methods:
-PDSA Tests of Change -Shewhart Charts

-Cause and Effect Diagram

=Rational Subgrouping

-Planned Experimentation

Responsibility:*

1. Subject or technical experts

2. People working inside the healthcare process(es)
3. Patients and family

h

Change the System to Remove or Reduce
Common Cause(s) of Variation

Responsibility:*

Is the System
Stable Related to
this Measure?

-Cause and Effect Diagram
-Rational Subgrouping
-PDSA Tests
Responsibility:*
1. People working inside the healthcare process(es)
2. Local healthcare management
3. Subject or technical experts

1. Healthcare management at the appropriate
level

*Lists are ordered by importance

HC Data Guide, Figure 4.1, p. 128

Learrn from and Act on Special Cause(s)
Responsibility:*
1. Local process supervisors (e.g charge nurse)
2. Subject or technical experts (e.g. infection control)
3. Healthcare managment at the appropriate level




Updating Limits after Improvements

100% ¢ Shewhart Control Chart (P Chart)
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Shewhart
Chart

Selection
Guide

Which chart
should | use
for my
measure’?

What kind
of data do
| have?

/ Type of Data \

Attributes Data (Count or Classification)
Data counted and recorded as whole numbers
dealing with the number of errors, nonconformities,
complete or incomplete procedure, items that
passed or failed

l 1

Continuous (Variables Data)

Data in the form of a measurement (using some
type of scale) including time, money, workload,
counts of volume, biological measures and
percentages when of continuous data

l |

Count Classification
(Nonconformities, (Nonconforming Units)
Errors) 1,2,3,4, and so on Either/Cr, Pass/Fail, YesMo

L

Equal Area of| | Unequal ar Unequal or
Opportunity Equal Area of Equal
Opportunity Subgroup Size
C Chart U Chart P Chart
Number of Nonconformities Percent

Nonconformities per Unit *. Nonconforming

1 \-'\ i
] LS i

N __ ] 1
¥ Rara events if LW

T Chart |---| >25% of data +---| G Chart

values are 0

Time Between Opportunities

Nenconformities Between
Nonconformities or
Nonconforming
Events

Each subgroup is Each subgroup is
composed of a single data composed of more than
valua one data value

| l

Subgroup Size of 1(n=1) Unequal or Equal
Subgroup Size (n=1)

! '

| Chart (also known as Xbar and S Chart
X Chart)
Individual Average and
Measurements Standard Deviation

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.
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Health

ViNcedl Case: Assistant Secretary for Planning & Evaluation:

Project Health System Measurement Project
 Go_

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
~——inthe past 30 days - CMS Minimum Data Set

Percent Nursing Facility Residents w One or More Falls w Major Injury

20.00%

Question: Are
we getting
better or worse?

15.00%

10.00% -

0.00% -

2005 2005 2005 2005 2006 2006 2006 2006 2007 2007 2007 2007 2008 2008 2008 2008 2009 2009 2009 2009 2010 2010 2010
Q1 Q2 Q@3 04 Q1 Q@2 Q3 04 Qa1 Q@2 Q3 4 Q1 Q2 Q@3 04 Q1 @2 a3 o4 Qa1 Q@ a3

“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 H
summarised for CMS



Shewhart | chart - with shift detected

data points below and above limits, = 8 points below and above center line

Percent Nursing Facility Residents with One I ajor Injury
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Process is not stable and has fundamentally changed in a negative
direction. We can now separate pre and post shift phase.




| Chart with Phase Separation
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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)

What might explain this shift, what can we learn?

e O additional annual
deaths in Phase 2 H
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Quarterly Infant Mortality 2009-2013 (U’ Chart)
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Shewhart Charts for

Infant Mortality in US

Do any states

demonstrate special

?

jation

Cause var

2012 Infant Mortality by State
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Shewhart Funnel Plot of 2012 US Infant Mortality Rates by State

2012 Infant Mortality (U Chart) - Funnel Plot by States
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2012 Infant Mortality by State

Use of bar chart increases risk

of tamper

ing — acting on data

based on the belief that the
variation is a special cause.

The Effects include;

Compromised learning

Increased variation
3. Demoralising those

1.

improperly signaled out.

2.
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2012 Infant Mortality (U Chart) - Funnel Plot by States
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Case Study: COVID Response to Variation:

Every day is a new story; Reason to panic or be hopeful

NY Virus Deaths hit
Another New High

Gov. death
200 NY Virus Deaths ov. warns ded
. . toll could keep
New York State, 2020 hit New High Deaths risin
800 \ . g
700
600 Virus toll shows
" /‘\ sign of leveling off
= 500 NY ts first decline i
5 NY State CO\;Iegc:jrs r:rs eclinein
g 400 Surpasses Grim eaths
Milestone Daily death toll sees one
300 \l, day drop, Gov. says
Headline: NYC Death Toll crisis could be
200 Spikes 110% in 36 Hours; plateauing
Cuomo Blasts ‘Terrible’ Fed
100
0
§032852328888388R82883893Le5¢28
B T e T i S - - - - A O .
L O T TR T o T o N T o TR o T T o T N o T o N T o N o O o O o 0 B o

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



NY Virus Deaths hit

Another New High
900 NY Virus Deaths Gov. warns dﬁath toll
. . . could keep rising
800 hit New High Deaths rise
N by 7.3%

-
-
-
-~
——
—
-
S
;r
-

700
600 Virus toll shows sign
" l‘\ of leveling off
= 500 NY rts first decline i
= e NY State Surpasses repz s ;:s eclinein
f: 400 Grim Milestone COVID deaths
Daily death toll sees one
300 l day drop, Gov. says crisis
Headline: NYC Death Toll Spikes could be plateauing
200 110% in 36 Hours; Cuomo Blasts
‘Terrible’ Fed Plan
100

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.’
s - / New York Governor, Andrew Cuomo
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NEWS » News Best Countries Best States Healthiest Communities Cities The Report Photos Events

April, 2020

HOME / NEWS / HEALTHIEST COMMUNITIES

U.S. News Analysis: Coronavirus Outbreak Hitting
States in Waves

New York has borne the brunt of the country’s COVID-19 crisis so far, but other states are on the brink of mounting death tolls.
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FIGURE 14.1 Example of Typical Epidemiological Curve with Four Epochs

The Shewnhart 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

HCDG, Page 478
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World — Covid-19 Deaths by Epochs Over Time

Epoch 1: Pre-exponential Epoch 3: Decline or plateau

growth Epoch 4: Stability after

Epoch 2: Exponential growth descent
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US and Inter-
national
Websites
present daily
updates of the
charts for cases
and deaths for
countries

and States in
some countries

Mew Zealand : Adjusted Daily Covid-19 Reported Cases

60K

40K

Mew Zealand is in Epoch 3: Plateau or Descent in Daily Reported Cases

MDmetrix

Mew Zealand : Adjusted Daily Covid-19 Reported Deaths

60

40

New Zealand is in Epoch 1

Select date range:
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FIGURE 14.2 Example of Hybrid-Shewhart Chart for Epidemic Data

Worldwide Covid Daily Deaths (February 20 - March 2022)
Hybrid Shewhart Chart for Epidemic Data )
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Use of Shewhart chart method with pandemic data

1. Minimising the risk and psychological

toil of reacting to every data point as if it is
a meaninngI Signal Of Changing Conditions ITALY - New Daily Reported Deaths

1,400 -+

—&— New deaths

1,200 + —B— Deaths pre-growth

Center Line N
= = = Lower Limit !

2. ldentifying precisely the day when the
H . H 1,000 — — — Upper Limit
number of epidemic events in a vy | ——Camral ;

geographic region (county, state, country) o |
have begun to grow exponentially o |

3. Identifying precisely the day at which the : T
number Of dally deathS |n an area haS 2/23 2/28 3/4 3/9 3/14 3/19 3/24 3/29 4/3 4/8 4/13 4/18
peaked and is entering the flat part of the

epidemiologic curve.




Daily reported
Covid Cases in
Ireland
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charts.pdf
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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
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Summary

How can we improve our learning from variation in health care?

Any time that data Is presented, we recommend asking two o

uestions: Is

the process currently stable (are there special causes we can learn

from)? And based on this knowledge, what type of action ma

When presenting public data:

 Make data available over time.

Kes sense”?

e 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, 2" edition, Chapter 13




Better Measurement: Data
for Improvement: Asia-Pacific Region

IHI Online Course with Coaching

Begins 19 February 2025
$650 USD ($995 AUD)

Learning Goals:

Through this online course, you will;

Master the ability to understand variation
and data trends over time, revealing
crucial patterns in care delivery

Learn to identify the limitations of static
data, Red/Amber/Green reporting, and
aggregated data and averages

Gain hands-on experience with key tools
for analysing safety and quality data

This program includes four dynamic live sessions,
engaging asynchronous learning modules, and
practical activities.

Key Dates:

Orientation Call — 19t February 2025
Call 1 — 25 March 2025

Call 2 — 15t April 2025

Call 3 — 23 April 2025

Call 4 — 30t April 2025

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

Institute for Healthcare Improvement

[=] [=]

b - Visit us
online to

[m]5sd£ ™21 |earn more.

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

	Slide 1: Judgement or Improvement?  Understanding variation 
	Slide 2: Judgement or Improvement?  Understanding variation
	Slide 3: Session Objectives
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8: Are We Working with Data for Accountability?
	Slide 9
	Slide 10
	Slide 11
	Slide 12: Setting Goals and Targets for Measures
	Slide 13: NHS 4-hour A&E Target
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22: Shewhart Charts
	Slide 23
	Slide 24: Updating Limits after Improvements
	Slide 25
	Slide 26: Background
	Slide 27
	Slide 28: Case:  Assistant Secretary for Planning & Evaluation: Health System Measurement Project
	Slide 29: Quality Category
	Slide 30: Shewhart I chart - with shift detected data points below and above limits, ≥ 8 points below and above center line
	Slide 31: I Chart with Phase Separation
	Slide 32: Case: Centers for Disease Control and Prevention: Infant Mortality
	Slide 33
	Slide 34: Do any states demonstrate special Cause variation?
	Slide 35
	Slide 36
	Slide 37: Case Study: COVID Response to Variation: Every  day is a new story; Reason to panic or be hopeful
	Slide 38
	Slide 39: A Hybrid Shewhart Chart for Covid-19 Deaths
	Slide 40
	Slide 41: 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 end
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46: 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, coun
	Slide 47
	Slide 48: 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
	Slide 49: Key strategies for leaders to encourage learning from data
	Slide 50

