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Learning Objectives

At the end of this session, participants will be able to: ‘ 'V%
1. Describe the milestones that guide the capability journey. ‘
2. Understand the factors that lead to or hinder capability.

3. Explain common and special causes of variation

4. Describe the various ways to calculate capability

5. Distinguish between targets, goals and specification limits
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How do you
know If your

Processes are
Capable?

What determines
Process
Capability?
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The Journey to Capability!

Demonstrating that
we care capable of
achieving and
sustaining our Goals!




The Process Capability Sequence

Reduce Variation or
Redesign the Process

Calculate Process Capability

Decide upon targets, goals and/or
specification limits

Create a Shewhart chart




The Options:
Reduce Variation or Redesign the Process
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But how do we decide which approach to take?

Source: Carey, R. and R. Lloyd, Measuring Quality Improvement in Healthcare: A Guide to Statistical Process Control Applications.
ASQ Quality Press, 24 Edition, 2001/.
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Reduce Variation or Redesign the Process?

Your decision to reduce variation or
redesign the process begins by
understanding:

* The data you have collected.
e variation that lives within your data.




SiX requirements needed to

determine capability...

#1

AIM (Why are you measuring?)
Concept
Measure
Operational Definitions
Data Collection Plan
CData Collection

Analysis -

+ Cause

Establishing Goals and Targets

» Goals refer to the “primary ambitions” that people cherish time and
again as primary drivers to achieve a vision.

v

On the other hand, targets are short-term aims designed to achieve

the goal(s).
+ » Goals and targets are not created by the process but by people!

» Goals reflect our ultimate desires for performance and outcomes.

#2

#3

Common
7 Special

Variations Cause

Variations

The two key tools for analyzing variation
and understanding capability!

A Run Chart:
. - Is a time series plot of data
=il < The centerline is the Median
+ 4 Run Chart rules are used to determine if
there are random or non-random patterns
in the data

A Shewhart (Control) Chart:

- Is a time series plot of data

+ The centerline is the Mean

- Added features include Upper and lower
contrel Limits (UCL & LCL)

+ 5 Control Chart rules are used to determine if
the data reflect common or special causes of
variation

= “

Specification Limits

* Specification limits (SLs) are the values between which products or services
should operate. These limits (USL and LSL) are usually set by customer
requirements or established performance reguirements.

Industry frequently has SLs for manufactured products (e.g., a drill hole in
a piece of metal may have a USL of 10 mm and a LSL of 6 mm).

Healthcare has some SLs but not nearly as many as are found in
manufacturing. For example, an INR specification range of 2.0 (LSL) to 3.0
(UsL) is generally considered an effective therapeutic range for people
taking warfarin for atrial fibrillation or a blood clot in the leg or lung.

Healthcare typically has a single target or goal as a “specification.”

Sometimes, however, there is a short-term target or goal and then a long-
term target or goal. These should not be confused with specification limits.

SLs, targets and goals are externally derived and should not be confused
with the upper and lower control limits on a Shewhart chart which are
derived from the inherent variation that lives in the data.

#5

+
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The Milestones in the QMJ serve as your

roadmap for understanding capability!

AIM (Why are you measuring?)
C Concept
Measure
C Operational Definitions
C Data Collection Plan
C (Data Collection

Analysis II‘

Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. 2" Edition, Jones and Bartlett Learning, 2019.

10



And specifically, you need to

understand variation conceptually and statistically!

S
-

Source: R. Lloyd, Quality Health Care: A Guide to Developing and Using Indicators. Jones & Bartlett Learning, 2" edition, 2019: Chap. 6-9.

11
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Understanding variation is the starting
point for building process capability!

“If | had to reduce
my message for
management to just
a few words, I'd say
It all had to do with
reducing variation.”

W. Edwards Deming



The Problem!

Aggregated data presented in tabular
formats or with summary statistics, will
not help you measure the impact of
process improvement efforts.

Aggregated and summary statistics data
can only lead to judgment, not to
iImprovement.

Summary Statistics using the Mean, Median, Mode
Minimum, Maximum, Range, Standard Deviation to
compare monthly or quarterly averages!

13
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The average of a set of numbers can be
created by many different distributions
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What do you conclude when you look at data?
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ometimes
ou discover
that the data
you collect
do not match
your view of
reality!

What do you
see here?

© 2017 Institute for Healthcare Improvement/R. Lloyd



How about these data for a reality check?

Are the horizontal lines parallel or do they slope?

16
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Finally, you need to make sense
out of the datal

How many legs does this elephant have?



Common

Cause vs Special
Variations / Cause

Variations



“A phenomenon |—
will be said to be
controlled when,
through the use of
past experience, we
can predict, at least
1 within limits, how
Dr. Walter A Shewhart the phenomenon
iy areniamea s | May be expected to
vary in the future”
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“What is the variation in one system

- JJ
over time?” watera. Shewhart - early 1920’s, Bell Laboratories

20

Every process displays variation:
Controlled variation

» stable, consistent pattern of variation
 “chance”, constant causes

Special cause variation

« “assignable”
* pattern changes over time

© 2017 Institute for Healthcare Improvement/R. Lloyd



COMMON CAUSES Vs SPECIAL CAUSES

Process is not under Statistical
Control

Process is under Statistical Control [

Process outputis predictable Process output is unpredictable

| Common causes always presentin ||l Specnal causes not always actmg on
process | | the process

No Erratic fluctuations and shift Erratic quctua_tions and shift
occurredin process occurred in process

Local action required to control | Management action required to
process variation control process variation

© 2017 Institute for Healthcare Improvement/R. Lloyd



Random (Common Cause) Variation

100

 Points equally likely above or below center line
« There will be a high data point and a low, but this is expected
 No trends or shifts or other patterns

Courtesy of Richard Scoville, PhD, IHI Improvement Advisor
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Number of Patient Complaints by Month
(XmR chart)

Special Cause Variation
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Special Cause Variation creates an unstable and

unpredictable process!



Non-Random or
Special Cause Variation

Two Sources of Special Causes

Unintentional

When the system is out of
control and unstable due to
unexpected forces

<AV B RO
Sl B 2 ol S il

Holding the Gain: Isolated Femur Fractures

Intentional

When we’re trying
to change the £ 7]
SyStem 0-:I. 4 7 1013 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64

Sequential Patients

Minutes ED to OR per
Patient

Courtesy of Richard Scoville, PhD, IHI Improvement Advisor
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Point ...Variation exists!

Random Variation (common cause) does not mean

“Good Variation.” It only means that the process is stable
and predictable. For example, if a patient’s systolic blood
pressure averaged around 165 and was usually between 160
and 170 mmHg, this might be stable and predictable but
unacceptable.

Similarly Non-Random (special cause) variation should not
be viewed as “Bad Variation.” You could have a non-
random variation that represents a very good result (e.g., a
low turnaround time), which you would want to emulate.
Non-Random merely means that the process is unstable and
unpredictable.

© 2017 Institute for Healthcare Improvement/R. Lloyd



“Why can’t you always do this well?

26

Does this low value represent a stellar
performance that merits an award?

2.50%

1.00%

0.00%

Med Errors

0.50% -

2 /\ o/‘\ /\ /\ D/\ A Average

UCL

This is just random variation.
will continue to produce an average of ~1.25% Med Errors every week.
Could go up to 2.3% or down to .20% and this is the life of the process

(i.e., this is what the process is capable of producing).

If nothlng IS done to change the process it

© 2010 Institute for Healthcare Improvement/R. Lloyd & R Scoville



“What’s the problem here?”

Should someone be blamed for producing a
higher percent of Med Errors?

Med Errors

2.50%

2.00% A

LSO% 1 5 N /\ . /\ A /\ /\ /\% Average
weERAVAR A

0.50% -

UCL
0.00% +———F—"—"—"—"—T—T—T—T—T—T—T—T—T—T T T |

Any set of measures has a high and low value! Does this high
value mean that something needs “fixing?”

© 2010 Institute for Healthcare Improvement/R. Lloyd & R Scoville
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If you don’t understand variation, you will be
tempted to ...

* Deny the data (It doesn’t fit my view of reality!).

See trends where there are no trends.

Try to explain natural variation as special
events.

 Blame and give credit to people for things over
which they have no control.

Distort the process that produced the data.

Blame the messenger!

© 2008 R. C. Lloyd & Associates and the IHI



And the consequences of not
understanding variation are...

‘ Blame the

Messenger

| JC=IR

Micro- Filtered
management | S Information

Increased
Fear

Deming’s
Cycle of

Source: William Scherkenbach. The Deming Route to Quality and Productivity. Ceep Press, Washington, DC, 1990, page 71.
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“Managing a company by means of the monthly (or quarterly

or yearly) summary report is like trying to drive a car by
watching the yellow line in the rear-view mirror.” Myron Tribus

As quoted in Wheeler, Donald. Understanding Variation: The Key to Managing Chaos. SPC Press, Inc., 1993: 4.

If you are serious about your quality improvement efforts, you should be
collecting and analyzed data as close to the production of work as possible.

« What would it take to collect data on individual patients waiting to see the doctor?
« To track the number of patients being assessed for pressure ulcers each day?

* The percent of “did not attend” appoints for each week?

Most measures can be collected more frequently than monthly!



Source: R. Lloyd. Quality Health

| |
Care: A Guide to Developing and
l | e S I O I I S Using Indicators. 2" edition, Jones
and Bartlett Publishers, 2019.

1. Does the process reflect random (i.e., common
cause) variation? |If so, it is stable and therefore
predictable.

2. Now, if it Is stable is the process capable under
current operating conditions of meeting the
established target or goal?

The chart will tell you if the process is stable and predictable.
You must decide if the process is capable (i.e., under current
operating conditions is the process capable of hitting the

target or goal? ).
If not, you have two choices:
()reduce the variation or ,
(2)redesign the entire process.




Understanding Variation Statistically

STATIC VIEW

Descriptive Statistics
Mean, Median & Mode
Minimum/Maximum/Range
Standard Deviation
Bar graphs/Pie charts

32

DYNAMIC VIEW

Run Chart
Control Chart
(plot data over time)
Statistical Process Control (SPC)

© 2017 Institute for Healthcare Improvement/R. Lloyd



1. Make process performance visible

1200 -

1000 ~

800 §

400 A

Minutes ED to OR per
Patient
(=2}
8

200 o

0

Current Process Performance: Isolated Femur Fractures

1 4 7 1013 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64

Sequential Patients

Minutes ED to OR per
Patient

Process Improvement: Isolated Femur Fractures

1 4 7 101316 19 22 2528 31 34 37 40 43 46 49 52 55 58 61 64
Sequential Patients

2. Determine if a change is an
Improvement

Process Control

Three Uses of —
Statistical

Tools

. Determine if we are holding the gains

Minutes ED to OR per

Holding the Gain: Isolated Femur Fractures

1 4 7 101316 1922 25 28 31 34 37 40 43 46 49 52 55 58 61 64
Sequential Patients
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The two key tools for analyzing variation
and understanding capability! #3

34
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A Run Chart:

 Is a time series plot of data

 The centerline is the Median

4 Run Chart rules are used to determine if
there are random or non-random patterns
In the data

A Shewhart (Control) Chart:

* Is atime series plot of data

* The centerline is the Mean

» Added features include Upper and lower
control Limits (UCL & LCL)

* 5 Control Chart rules are used to determine if
the data reflect common or special causes of

variation




c-chart

There Is basically one way to make

a Run Chart.

There are many options for making

u-chart

Shewhart charts!

XmR chart

p-chart

You have to decide which Shewhart

chart is most appropriate for your data!

© 2017 Institute for Healthcare Improvement/R. Lloyd



It starts with determining the type of
data you have collected

Variables Data

Attributes Data

Defects

(occurrences only)

Defectives

(occurrences plus
non-occurrences)

Nonconforming Units

Nonconformities

© 2017 Institute for Healthcare Improvement/R. Lloyd



Then you must decide which Shewhart chart
IS most appropriate for each measure

Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. 2" edition, Jones and Bartlett, 20179

] id h .
Variables Data Attributes Data

Occurrences &

Non-
No Yes
More than occurrences?
one
Yes observation NoO
per
ubgroup?,
Is there an equal
area of
Yes opportunity No
4
\4 4 \ 4 v
Aol 8 8 XmR c-chart u-chart p-chart
Average and -
Standard Individual The_number of The Defect ~ The percent of
Deviation Measurement Defects Rate Defective Units
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Rules to detect Special Causes
on Shewhart Charts

There are many rules to detect special cause. The following five
rules are recommended for general use and will meet most
applications of control charts in healthcare.

Rule #1: 1 point outside the +/- 3 sigma limits (3 sigma violation)

Rule #2: 8 successive consecutive points above (or below) the centerline
indicating a shift in the process

Rule #3: 6 or more consecutive points steadily increasing or decreasing
indicating a statistical trend

Rule #4: 2 out of 3 successive points in the outer zones (areas) of the
chart or beyond

Rule #5: 15 consecutive points in Zone C on either side of the centerline
(hugging the centerline)




Six consecutive points increasing (trend up) or
decreasing (trend down)

Control Chart | ] o
Rules for Detecting NN
Special Causes | | &7 2T E°

Two our of three consecutive points near a control
A single point outside the control limits limit (outer one-third)

Eight or more consecutive points above or below Fifteen consecutive points close to the centerline
the centerline (inner one-third)




Shewhart Charts Study Questions

. When is it appropriate to use Shewhart charts? Should | use them in place of
descriptive statistics?

How many data points do | need to make a Shewhart chart? \What do |1 do if | do
not have enough data?

. Should | view common cause variation as “good” il cause
variation as “bad” variation?

. What is a subgroup? Do | have to L

Do my subgroups have ke Shewhart charts?

Much of the da ate on it. So, does it really matter
if the datg

| still ween a standard deviation and a sigma limit.
Why 2 Does it really matter? My spreadsheet software will

. Why do | have to use three sigma control limits? Why can’t | use two or maybe
1.5 sigma limits?

How do | use the zones on a Shewhart chart? What are the IHI special cause
rules for Shewhart charts?




So, | wonder where
Goals, Targets and
Specifications come
from?




Establishing Goals and Targets

» Goals refer to the “primary ambitions” that people cherish time and
again as primary drivers to achieve a vision.

» Goals reflect our ultimate desires for performance and outcomes.

» On the other hand, targets are short-term aims designed to achieve
the goal(s).

» (Goals and targets are not created by the process but by people!

el .

Confirm your Verify your » B
measureable goals are goals are sf;:i’da t'l:':e =
assets. attainable. relevant. pan. |

~ —

<! NN




The Relationship Between Goals & Targets

All targets should be causally linked to the stated goals.

The converse is not true, however. It can be said, therefore, that targets are a
subset of the word goal.

Another way to think of this is that goals are achieved by reaching the targets
successfully.

An individual’s or an organization’s goal may be only one over the course of
time, but targets can be many and may change over time.

For example, an organization may have a goal of “zero harm” as a long-term
objective. But then specific targets (e.g., reducing falls, completing more leader
walkrounds, or increasing hand hygiene compliance) might be established for
shorter time periods (e.g., weeks, months or even a year).

Likewise, targets can assist individuals to slowly and deliberately focus on the
specific factors that will ultimately achieve the stated goal. It is through the
achievement of targets that goal(s) can be achieved.

It Is difficult to achieve a goal, without targets!

Adapted from https://www.differencebetween.com/difference-between-goals-and-vs-targets/



#5 Specification Limits

* Specification limits (SLs) are the values between which products or services
should operate. These limits (USL and LSL) are usually set by customer
requirements or established performance requirements.

* Industry frequently has SLs for manufactured products (e.g., a drill hole in
a piece of metal may have a USL of 10 mm and a LSL of 6 mm).

* Healthcare has some SLs but not nearly as many as are found in
manufacturing. For example, an INR specification range of 2.0 (LSL) to 3.0
(USL) is generally considered an effective therapeutic range for people
taking warfarin for atrial fibrillation or a blood clot in the leg or lung.

* Healthcare typically has a single target or goal as a “specification.”

* Sometimes, however, there is a short-term target or goal and then a long-
term target or goal. These should not be confused with specification limits.

* SLs, targets and goals are externally derived and should not be confused
with the upper and lower control limits on a Shewhart chart which are
derived from the inherent variation that lives in the data.




Specification Limits & Control Limits

Specification Limits are different than targets

and control limits!
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How do you establish Goals, Targets &

Specification Limits at YOUR Organization?

> Is there a common understanding of the difference between goals and targets
within your organization? Are they interchangeable terms?

» How are goals and targets established for your organization?
> Are they externally imposed, internally derived or both?

> If they are internally derived what is the statistical foundation for
establishing the target or goal value?

> All too often, targets and goals are arbitrary and established as whole numbers
divisible by 5! Why? This makes no sense.

» Targets and goals should be established by analyzing the Shewhart chart
and determining what is achievable given the process variation and
capability of the process.

» Do you also have specification limits (i.e., no more than X and no less than Y)?

» With all these numbers you can then decide if reducing variation or total
redesign will guide your capability strategy.

46 © 2008 R. C. Lloyd & Associates and the IHI



Now, let’s
Focus on




.
.
- — . — —

Thinking, exploring theories and reflection!




Dictionary Definitions of Capability

Capability (or being capable)

« The power or ability to generate results.
* The abllity to execute a specified course of action.

 Having the attributes required to achieve a desired
level of performance.

« The sum of capacity that leads to experience or
results.

 Knowledge, skill, ability, or characteristics
associated with desirable performance.

« Capability frequently includes values, motivation and

beliefs. H




Demonstrating Capability: Example #1

Variation exists in all that we do, even in the simplest of activities. For example,
consider writing your name. This is a simple activity that you probably do each day.

What if your annual performance review, however, was based on being able to
write the first letter of your first name three times with no variation in the
form, structure or overall appearance of the letter. If you are able to perform
this simple task, you will receive a 50 percent increase in your salary. Remember
that there can be no variation in the letters. Give it a try.




Demonstrating Capability: Example #2

The figure below shows how two individuals, Mary and Bill, placed
ten shots on a target. \Which individual is the better shot?

Mary Bill

51
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Demonstrating Capability: Example #2

Most people say that Mary is the better shot because she has her shots clustered. Bill may
have hit the bull's eye once, but his pattern is so erratic that it will be difficult for us to predict
where his next shot will land, or how we can make improvements in his accuracy (i.e., he is
not capable of performance to target). Mary, on the other hand, merely has to adjust her
sights down and a little to the left. Then, her shots should all cluster near the center of the
target. She would be capable of consistent performance against the target. (i.e., hitting the
bull's eye). All too often, people take the most current data point and assume that this
represents the process's performance. If you are really sincere about understanding where
your processes have been, where they are now, and where they can be in the future, you
must become knowledgeable about the capability of the process.

©

Mar Bill

52 © 2008 R. C. Lloyd & Associates and the IHI



Demonstrating Capability: Example #3

Using whatever method you have for telling time (watch, phone, PC,
position of the sun, etc.), record the exact time right when | say
“Now” and decide what time it is! Write the time down.

© 2008 R. C. Lloyd & Associates and the IHI



The Dilemmal

In order to manage a process, we are required to make
predictions about its future. Should we reduce the
variation in the process or totally redeﬁin the process?

Understand
CAPABILITY

\&
* :
'



So, how do YOU define .
Process Capability?

Key Questions...

Is the process stable? If so, it
IS therefore, predictable, but it
may not be capable!

|s there a target and/or goal for
the process?

Is the process capable of consistently performing at
or better than the target or goal?

If it iIs not capable of achieving consistent performance at
or better than the target or goal, what needs to be done?




An Example of Capability with CAUTI Reduction

IHI Improvement Coach Programme
Better Quality Through Better Measurement: Case Study

Note: Although the case study is based on several actual improvement initiatives and draws
upon the infection control literature and government sources, it is fictitious and does not

reflect care at any specific institution or facility.

THE CAUTI CASE STUDY

1. Background: Reducing Catheter Associated
Urinary Tract Infections (CAUTIs)

A medium sized acute care hospital has noticed
that there has been an increasing occurrence of
catheter associated urinary tract infections
(CAUTIs) over the past year. Not only has the

occurrence of CAUTIs been gradually going up but also the severity of the infections has

been increasing.

For Your Own Project

What are you trying to
accomplish (your aim?)

What is the outcome measure
that best captures the aim of your
project?

What is the baseline level of
performance on the outcome?
How much does the outcome
need to improve?

56
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What is the CAUTI Aim?

AIM: Reduce CAUTI infections in all units below 1.6

(10t percentile) within 12 months and to zero within
24 months.

How good? By when?
Does the aim seem reasonable?
Is it too ambitious? Not ambitious enough?

« System: CAUTI infections in all units
» Goals: Be bhelow 1.6 and then to zero

e Timeframe: 12 month for 1.6 and 24 month for zero




CAUTI Baseline Data

Key Outcome Measure

CAUTI per 1000 Foley Days
Rate

12 1

Given this baseline data what do you conclude about the CAUTI aims?

Under current operating conditions this process is not capable of achieving
either the 15t or 2" goal! Does this process need variation reduced or
fundamental redesign?




Determining

Process

Capability

Statistically

* Can only be calculated when the process stable. |.— =

* |s a prediction of future performance of the process.

* A capable process is one that is able produce outcomes that meet agreed
on targets, specifications or goals.

* Constructing Shewhart chart prerequisite to determining process capability.

Source: Health Care Data Guide, Chapter 5
Slides adapted from Lloyd Provost




This is the only situation
where the process is capable!

Situation

Process is capable and centered
for this measure. (X is equal

[or is close] to target value)

Action

« Reduce auditing and other inspection

* Monitor process to detect special causes

Further improvement requires changes to the process to reduce
common causes of variation

Process Capability
Situations and Actions
for Continuous Data

Lower value for : Uppgr value for
requirement, l requirement,
guideline, or H guideline, or
desirable level ! desirable level
X-3c Torcat X+ 30
Situation

Process would be capable if
centered (making process
changes to move X to target
value for this measure)

Action

e Work on centering the process at target

* Reduction of variation requires changes to the process to reduce|
common causes of variation

Legend

|
: —

|
Process Process Upper  Process Target
Center (mean) and Lower Value
Specification
Limits

—
Lower value for ! Upper value for
requirement, I requirement,
guideline, or ' guideline, or
desirable level I desirable level
i 1
X-30 I '|’.=¢tl X+ 30
Situation Action

Process is not capable but is
centered for this measure.

* The necessary reduction of variation requires changes to the
process to reduce common causes of variation

Source: Provost, L. and S.
Murray. The Health Care Data
Guide. 2" Edition, Jossey-Bass,
2011: 206-211.

Lower value for
requirement,
guideline, or
desirable level

Upper value for
requirement,
guideline, or
desirable level

X-30
Situati Action
Process is not capable or * Work on centering the process at target
centered for this measure. ¢ The necessary reduction of variation requires changes to the

process to reduce common causes of variation
—

Upper value
for
requirement,
guideline, or
desirable level




Statistical Definitions of Capability

Capabllity i1s defined statistically in several ways:

« The performance of a process demonstrated to be in a state of
statistical control.

* Process capability — the calculated inherent variability of a
characteristic of a product or service. It represents the best
performance of a process over a period of stable operations. Process
capability is expresses as 6 sigma where sigma is the sample standard
deviation of the process under a state of statistical control

* Process performance — a single-number assessment of the ability
of a process to meet a target, goal or specification limit(s) of
assigned to the quality characteristic(s) of interest. Process
capability indices include C;, C,, and C_*.

*Notes:

C, = process capability index

Cox = minimum process capability index
Com = process capability index of the mean)




Specification Limits and Process Capability

If the upper and lower specification limits of the process are USL and LSL, the target

process mean is T, the estimated mean of the process is £z and the estimated variability of
the process (expressed as a standard deviation) is . then commonly accepted process
capability indices include:

Index
- USL - LSL
=6
- i — LSL
Cp,lo\\w = F 35
- USL - i
paupper = 35
A — min USL—-4i fi—LSL
E 35 306
. é,
. = Z
1+ (5)
. ¢
Ot = L

Description

Estimates what the process is capable of producing if the process mean were to be centered between the specification limits. Assumes process output is approximately normally distributed.
Estimates process capability for specifications that consist of a lower limit only (for example, strength). Assumes process output is approximately normally distributed.

Estimates process capability for specifications that consist of an upper limit only (for example, concentration). Assumes process output is approximately normally distributed.

Estimates what the process is capable of producing, considering that the process mean may not be centered between the specification limits. (If the process mean is not centered, (:TP
overestimates process capability.) C‘p;,- < () if the process mean falls outside of the specification limits. Assumes process output is approximately normally distributed.

Estimates process capability around a target, T Clm, is always greater than zero. Assumes process output is approximately normally distributed. Clm, is also known as the Taguchi
capability index [l

Estimates process capability around a target, T, and accounts for an off-center process mean. ASsumes process output is approximately normally distributed.

& is estimated using the sample standard deviation.

In process improvement efforts, the process capability index or process capability ratio is a statistical
measure of process capability, (i.e., the ability of a process to produce output within specification limits).

The concept of process capability only holds meaning for processes that are in a state of statistical control.

Process capability indices measure how much "natural variation" a process experiences relative to its

specification limits or target(s) and allows different processes to be compared with respect to how well an
organization controls them.

Source: https://en.wikipedia.org/wiki/Process_capability_index



Summary
The approach to determining capability
depends on the type of chart being used

HCDG Page 100 1aD1€ 3.17 Summary: Methods for Describing Capability

Chart Estimate of Sigma Method for Describing Capabllity
| ¢ = MR, /1.128 X-3otoX-3e

Xand § ERN X-3ctoX+30

P op =Py, " (100—p,, )0 | Poar O 100 = Py OR

Py +/— 3o for the specific value of n of interest

C e, € OF 100 — ¢ OR
Cpor— S tO Cpy + 30

U VU, /n Ugr OR

Upar +/— 3o for the specific value of n of interest

See the Appendix for the details on how to calculate process

capability for each type of Shewhart chart.



Test 1. Percent of Primary C-sections

Percent of Primary C-sections

Is this process capable of consistently

achieving the target?

————— i

e e e ]

—> Target < 20%

| \/ ~ N \/ ) \/ .
. I B e et PN CUES LCL
May20 Jan21l Jan22 July22
Case Study #8 from Measuring Quality Improvement in Healthcare: A Guide to Statistical Process Control Applications
by R. Carey and R. Lloyd, ASQ Press, 2001.

© 2015 Institute for Healthcare Improvement/R. Lloyd



Test 2: Percent Medication Errors

The target is to have <1.0% Med Errors

Med Errors

3.50%
3.00% -
2.50%

2.00% - ucL
150% 1 o /N A\ AN . 0N Average
A A A

Lo L~ e PN

Target
0.50% - \/ l |

UCL

0.00%

8/2/2007
8/16/2007 -
8/30/2007 -
9/13/2007 -
9/27/2007 -

10/11/2007 A
10/25/2007 A
11/8/2007 A
11/22/2007 A
12/6/2007 -
12/20/2007 A

1/3/2008 -
1/17/2008 A
1/31/2008 -
2/14/2008 -
2/28/2008
3/13/2008 -

Is this process capable of consistently

achieving the target?

65 © 2010 Institute for Healthcare Improvement/R. Lloyd & R Scoville



Test 3: Wait Time to See the Doctor

XmR Chart

April

Make new control limits for
the process to show the
improvement

Minutes

""""""""""""""""""""""""""""""""" A minutes or less
LCL=6.1

" Period

Is this pr‘océsszcaéable 6f cbns:isténtly a‘chi.evi;lg ;he target?
Target: No patient will have to wait more
than 10 minutes to see the doctor!



S00000, do you need to
Reduce Variation or Redesign the Process?

/ / Action taken \ \
4 / on all \\
,’ / occurrences N

Better Quality Worse
Wait time to see the doctor

Source: Carey, R. and R. Lloyd, Measuring Quality Improvement in Healthcare: A Guide to Statistical Process Control Applications.
ASQ Quality Press, 24 Edition, 2001/.

© 2016 Institute for Healthcare Improvement/R. Lloyd



Process Capability Final Tips

a k~ WD F

Create the appropriate Shewhart chart.

Determine if the process is stable (i.e., common cause variation).
If it is stable, proceed to determine process capability.

Establish goals, targets and specification limits (SLs).

Determine if the current process is capable of consistently achieving the
goals, targets or SLs.

To achieve the goals, targets or SLs, decide if you need to reduce
variation or redesign the process.

Decide to Reduce
Variation or Redesign

Calculate Process Capability

Decide upon Specification Limits
or a target

Create a Shewhart chart

for Healthcare Improvement/R. Lloyd




Appendix
Process Capabillity

Calculations for the

XMR, X bar & S,
P, c and u
Shewhart Charts
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] e Improvement Brought to you by: Hamad Healthcare Quality Institute

Healthcare Resilience in Extraordinary Times




Constancy of Purpose!

“If you don’t stick to
your values when
they're being tested,

they’re not values.

They're hobbies!”

Jon Stewart, TV Commentator

T hank you Forjoining me today. T ake care and be well!



Appendix
Process Capabillity

Calculations for the

XMR, X bar & S,
P, c and u
Shewhart Charts




Process Capability from the | Chart

(XMR)

« Limits are directly compared to specifications or targets.

* This is because the | chart plots individual data points.

* For | charts, capability is defined by the upper and lower control limits.

FIGURE 5.21 Capability from an | Chart

HEAl ¢

| Chart for Patient HbATc
11.od UCL=10.79
.
10.0 + . . ®
. ™ a®
aol ® & . s ¢ b CL=8.77
» .' L » L
[ ]
* ™ 8 ) . L
B0re o , . * @ .
L ] & .
L LCL=6.75
&0 +44--+--—+-+-+--+-—-—++-+-+-+-+-+--—+—+—-+—H
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Page 186

Defining

Process Capability
e UCL=10.79

* Average =8.77

e LCL=6.75

If we do nothing to
change this process,
we can expect this
process to produce
results that fall
between 10.70 and
6.75 with an average
HbAlc of 6.77.




Process Capability from X bar S Chart

* Plots averages for subgroups which smoothens out some of variation.

« The UCL and LCL limits cannot be directly compared to
specifications or targets.

» This is because the limits for the X bar and S chart are limits for
averages (e.g., average wait time) where the target or specifications
are for individual performance (each patient’s wait time).

e Both the X bar and the S charts must be stable to calculate
capability.

« Formula are used to translate the limits for averages to what they
would be for the individual data.

Page 186



Process Capability from an X and S Chart

If the process Is In statlstical control, the standard devlation Is: I

s
Il
(]

har"rc4

f -

(=
Il

- The process capability is:

Practical Minimum = X — 35 I

IPracI_i-:aI Maximum = & + 35 I

+ =

Practical Minimum =

Practical Maximum =

Table A.4 Factors for X and § Charts (5,... from Average of 5s)

bar
n Sil,;bgroup A, B, B, c,
2 2.66 - 3.27 0.798
3 1.95 - 2.57 0.886
4 1.63 - 2.27 0.921
5 1.43 - 2.09 0.940
& 1.29 0.03 1.97 0.952
7 1.18 012 1.88 0.959
8 1.10 0.8 1.82 0.965
9 1.03 0.24 1.76 0.969
10 0.98 0.28 1.72 0.973
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X bar and S Example: Turn Around Time

Average Turn Around Time (Revised)
(Median Subgroup Size = 3)
100 Xbar chart
o= T - UCL = 83.04
/.—‘\ /‘\ -
i ~ — — CL=56.7
4
200 e F e | e LCL =30.3
w
% 70 Sigma chart
= 60 ©
ig:gg!___;—za—éé """""""""""" e ST X UCL = 40.36
5 ey SN — . CL=20.4
o e een e _ LCL = 0.61
5 * > > > o > > > » 5 ® 2 ®
S
Daily Samples

1. Calculate the standard deviation o (using the ¢ value for medianlsubgmup S1EE, T = ';i]

0 = Shaf"{':l = 20.49/0.886 =

23.126

2. Calculate the practical minimum:

Minimum =X — 30 = 56.7-3(23.126) =

-12.67

3. Calculate the practical MAXITIUIT:

(practical mimnimum 0}

Process
Capability

Maximum =X + 30 = 56.7 + 3 (23.1 26) §126.08

Page 187-188




Process Capability from P Charts

* Process must be stable.

e Capability can be described as the center line (p bar).

* If there is a need to describe a range of performance the
upper and lower limits are used to describe this for the
given sample size only.

* If useful to determine capability for a different sample size,
the P chart formula is used to determine what capability is
at the sample size of interest.

Page 188



Capability from P Chart with Sample Size of 20

* Capability is described as p-bar.

* The upper and lower limits may be used to describe capability
but only for the sample size used to construct the p chart.

FIGURE 5.23 Capability from a P Chart with aISubgmup Size of 20 Definin
Process Capability
Percentage of Patients Harmed ® UCL = 74.44
P chart
907 * Average =414
80y = 74.
R * LCL=8.63
60 _ If we do nothing to
g% el \ P .4 change this process,
a 40 Wgan = 41 “\\'____.f-" - .
30 \/ we can expect this
‘ZD__ Patient Safety prOCGSS tO prOd uce
loqLl=863 _________ TeamFormed ______________________
0 f +Med'|cati-:}n Safety Work Started reSUItS that fa”
e M A M A s e e between 74.44 and

8.63 with an average
percent of patients
harmed of 41.4.
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Capability from a C or U Chart

Process must be stable.
Capability described as center line (c bar or u bar).

If parameters of capability are needed, the upper and
lower limit are used but are pertinent for that area of
opportunity only.

If there is a need to describe capability for a different
area of opportunity the pertinent Shewhart chart
formula (C or U) is used substituting the area of
opportunity of interest.

FIGURE 5.24 Capability from a U Chart for ICU Infections

! Chart—Infections per 100 ICU Admissions

30 S
#2254 e T JUCL
= 20+
g 15 ) Good l
Z 10 e '\ / H.A CL=7.2
5 f ~LIn—-l'-.._,_ -
ﬂ, ] 'II.' ] ] ] ] ] ] _T\t/? ] ] ]
1 1 1 IL‘ I-.. T o Ic‘ 1 1 I_\_ T I{\ LD I.h'-,u i I. T I\\ 1
W g W P 9 WP S & B W

Defining

Process Capability

* UCL = varies based on
area of opportunity

* Average =7.2

e LCL=0.0

If we do nothing to

change this process, we

can expect this process

to produce results that

will have an average

number of infections =

7.2/100 admissions.

Is this acceptable?
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