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The framework for
Learning and Change

Model for Improvement

When you What are we tfymgio
- | accomplish?
com blne How will we know that a -
the 3 " change is an improvement? Our Focus Today
. i What change can we make
ques tions that will result in improvement?

with the... (

...the Model
for
Improvement.

PDSA cycle,
you get...

Langley, G. et al, The Improvement Guide, API, 2009




Milestones In the
Quality Measurement Journey (QMJ)

CAll\/l* (How good? By when?)
Concept

( Measure
C Operational Definitions
( Data Collection Plan

c Data Collection
Analysis [ >

Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. Jones and Bartlett Publishers, 2004.
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Milestones In the
Quality Measurement Journey (QMJ)

-

( Analysis [0 >%

Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. Jones and Bartlett Publishers, 2004.
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Do you understanding variation conceptually?

“If I 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
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The Problem!

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

process improvement efforts.
Aggregated data can only lead to
Jjudgment, not to improvement.

© 2016 Institute for Healthcare Improvement/R. Lloyd



“A phenomenon will
be said to be
controlled when,
through the use of
past experience, we
can predict, at least
within limits, how the

= phenomenon may be
Dr. Walter A Shewhart expected to vary in
W. Shewhart. Economic Control of the future”

Quality of Manufactured Product, 1931

© 2016 Institute for Healthcare Improvement/R. Lloyd



“What I1s the variation in one system over time?”

Walter A. Shewhart - early 1920’s, Bell Laboratories

Dynamic View UCL

e
.
—
("§D’ |

v v

Every process displays variation: LCL

» Controlled variation (random variation)
stable, consistent pattern of variation
“chance”, constant causes

e Special cause variation (non-random variation)
R “assignable”
9 pattern changes over time

A
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Types of Variation

Random Variation

Is inherent in the design of the
process

Is due to regular, natural or ordinary
causes

Affects all the outcomes of a
process

Results in a “stable” process that is
predictable

Also known as random or
unassignable variation

Non-Random Variation

Is due to irregular or unnatural
causes that are not inherent in
the design of the process

Affect some, but not necessarily all
aspects of the process

Results in an “unstable” process
that is not predictable

Also known as non-random or
assignable variation

© 2016 Institute for Healthcare Improvement/R. Lloyd



Random Variation
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 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 © 2016 Institute for Healthcare Improvement/R. Lloyd



Two Types of Non-Random Causes

Unintentional

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

Holding the Gain: Isolated Femur Fractures

Intentional

When we’re trying
to change the
system O et paens

Courtesy of Richard Scoville, PhD, IHI Improvement Advisor © 2016 Institute for Healthcare Improvement/R. Lloyd

Minutes ED to OR per
Patient




Point ...Variation exists!

Random Variation 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 completely
unacceptable.

Similarly Non-Random 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.

© 2016 Institute for Healthcare Improvement/R. Lloyd



2 & Questions ...

1. /s the process stable?
If so, it Is predictable.

2. Is the process capable?

The chart will tell you if the process is stable and
predictable.

You have to decide if the output of the process Is
capable of meeting the target or goal you have set!

14
© 2016 Institute for Healthcare Improvement/R. Lloyd



Finally, find examples that work for your discipline!

Random Variation Non-Random Variation
:: Holding the Gain: Isolated Femur Fractures
AN s A e
g. ’ S VY S— S w0
:E: = é %600
E ‘ 8 . 400
o é 200
g useg e i b s T e 1 2 s 00353 o
Month Sequential Patients
Normal Sinus Rhythm Ventricular Fibrillation
(a.k.a. Random Variation) (a.k.a. Non-Random Variation)

Couriesy of Jasn E. Rocdiger, CCT, CRAT

Y eV A A AR VA MM DA AN AN
1 aVR vy iy
\"'\{\/\/\;\H\J\r\/\/\j\f\rﬁ“
MWWWWVW%VS
MMWWWWWMWM

I P

Appreciation is extended to Dr. Douglas Brosnan, JD, MD, Vice Chair, Department of Emergency Medicine, Sutter Roseville Inpatient EHR
Physician Champion for providing the example of normal sinus rhythm versus ventricular fibrillation.
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Do you understanding variation statistically?

DYNAMIC VIEW

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

16
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1. Make process performance visible

Minutes ED to OR per

Patient

1200 -~

1000 4

800

600 -

400 A

200 4

0 17

Current Process Performance: Isolated Femur Fractures

1

rTrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrTrTrT T rITTrTTTr T TT T TITr TT I TTT T

4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64
Sequential Patients

Three Uses of

SPC Charts

3. Determine if we are holding the gains

Minutes ED to OR per

Process Improvement: Isolated Femur Fractures
1200 -~

1000 4
800

600 +

Patient

400

200 4

0 rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrTrrTr TrrrTTrTr TITrT T rITrT rTrTIrTrTrTrrororad

1 4 7 1013 16 19 22 2528 31 34 37 40 43 46 49 52 55 58 61 64
Sequential Patients

Minutes ED to OR per

Holding the Gain: Isolated Femur Fractures

0 rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrTrrrTTTTrTTITTT TTITTrTTTT T T I T

1 4 7 101316 1922 25 28 31 34 37 40 43 46 49 52 55 58 61 64

2

. Determine if a change is an improvement

Sequential Patients




How do we analyze variation
for quality Improvement?

* We use Statistical process Control
(SPC) methods and tools

 Run and Shewhart (Contro/) Charts are

the two primary tools to determine:

— The variation that lives in the process

— If our Improvement strategies have had the desired
effect.

18




Measure

Pounds of Red Bag Waste

Elements of a Run Chart

6.00

5.75

5.50

5.25

5.00 -

4.75

4.50

4.25

4.00

3.75

3.50

3.25

The centerline (CL) on a

Run Chart is the Median

vwmv \/Aw\/ Ao

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

TI m e ﬁ Point Number

Four run rules are used to determine if
non-random variation is present

© 2016 Institute for Healthcare Improvement/R. Lloyd



How many data points do | need to
make a run chart?

/deally you should have between 10— 15 data points

20

before constructing a run chart

10 — 15 patients

10 — 15 days

10 — 15 weeks

10 — 15 months

10 - 15 quarters...?

If you are Just starting to measure,
plot the dots and make a line graph

Once you have 8-10 data points you
can start to make a run chart

© 2016 Institute for Healthcare Improvement/R. Lloyd



21

Rules to Identify non-random patterns in the
data displayed on a Run Chart

Rule #1: A shift in the process, or too many data points In
a run (6 or more consecutive points above or below the
median)

Rule #2: A trend (5 or more consecutive points all
Increasing or decreasing)

Rule #3: Too many or too few runs (use a table to
determine this one)

Rule #4: An “astronomical” data point

© 2015 Institute for Healthcare Improvement/R. Lloyd



Non-Random Rules for Run Charts

Measure or Characteristic

B b

o

i A Shift:
6 or more

PO 5%

4

Median 11
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b

o
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B
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Rule 2

A Trend
5 or more

(1

12 3 &4 5
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Rule3 | Too many or

too few runs

Data line crosses once
Too few runs: total 2 runs

v
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——h
o (5=
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Measurement or Characteristic
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]

Rule 4

. An ;
| astronomical ||
| data point |
1

:1cdian4.5A ,/./\ ™ |
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T b Lk A m e Em o m BnEs

Source: The Data Guide by L. Provost and S. Murray, Jossey-Bass Publishers, 2011.
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Moving to the Next Level!

Shewhart

Charts

© 2016 Institute for Healthcare Improvement/R. Lloyd



What are the reasons why Shewhart
Charts are preferred over Run Charts?

Because Control Charts...

1. Are more sensitive than run charts:

> A run chart cannot detect special causes that are due to point-to-point
variation (median versus the mean)

> Tests for detecting special causes can be used with control charts

2. Have the added feature of control limits, which allow us to
determine if the process is stable (common cause variation)
or not stable (special cause variation).

3. Can be used to define process capability.

Allow us to more accurately predict process behavior and
future performance.




Elements of a Shewhart Control Chart

Measure

Number of Complaints

50.0

45.0

40.0

35.0 1

30.0 1

25.0

20.0 1

15.0

10.0

5.0

1. AN INdicatioN Of @ sssssssssssessssisssssssssssssssans

special cause

Control Limit)
UCL=44.855

)

C

(Lowe

CL=29.250

X (Mean)

LCL=13.645
r Control Limit)

lllll

TI me—> Month

©Copyright 2016 IHI/R. Lloyd



Rules for 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
Rule #2: 8 successive consecutive points above (or below) the centerline
Rule #3: 6 or more consecutive points steadily increasing or decreasing

Rule #4: 2 out of 3 successive points in Zone A or beyond

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

26




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

Rules for | [
Detecting AN
Special Causes| |

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)

©Copyright 2016 IHI/R. Lloyd



How do | use the Zones on
a Shewhart chart?

28

Measure

Each zone

IS equal to




Notes on Special Cause Rules

Rule #1: 1 point outside the +/- 3 sigma limits
Note: A point exactly on a control limit is not considered outside the limit . When there is not a lower or
upper control limit Rule 1 does not apply to the side missing the limit.

Rule #2: 8 successive consecutive points above (or below) the centerline
Note: A point exactly on the centerline does not cancel or count towards a shift.

Rule #3: 6 or more consecutive points steadily increasing or decreasing

Note: Ties between two consecutive points do not cancel or add to a trend. When control charts have
varying limits due to varying numbers of measurements within subgroups, then rule #3 should not be
applied.

Rule #4: 2 out of 3 successive points in Zone A or beyond
Note: When there is not a lower or upper control limit Rule 4 does not apply to the side missing a limit.

Rule #5: 15 consecutive points in Zone C on either side of the centerline
This is known as “hugging the centerline” H




Specilal Cause

Exercises




Is there a Special Cause on this chart?

Rate per 100 ED Patients

Unplanned Returns to Ed w/in 72 Hours

Month M A M J J A S @) N D J = M A M J J A S
ED/100| 41.78| 43.89| 39.86| 40.03|38.01[43.43| 39.21| 41.90( 41.78| 43.00| 39.66|40.03| 48.21| 43.89| 39.86| 36.21|41.78|43.89| 31.45
Returns 17 26 13 16 24 27 19 14 33 20 17 22 29 17 36 19 22 24 22

u chart

1.2
1.0+

e T e | e — 1
0.8
0.6- /‘\\

Mean:éti \\/
0.4
0.2 fuglsoto==y [ S T R v ) Y S
0.0 T T T T T T T T T T T T T T T T T

> v > ™ “ © A el ) NN ~Y N% N N ,\{o o ,\"\ N D

©Copyright 2013 Institute for Healthcare Improvement/R. Lloyd



Special Cause: Point Outside the UCL

Rate per 100 ED Patients

Unplanned Returns to Ed w/in 72 Hours

Month M A M J J A S @) N D J = M A M J J A S
ED/100| 41.78| 43.89| 39.86| 40.03|38.01[43.43| 39.21| 41.90( 41.78| 43.00| 39.66|40.03| 48.21| 43.89| 39.86| 36.21|41.78|43.89| 31.45
Returns 17 26 13 16 24 27 19 14 33 20 17 22 29 17 36 19 22 24 22

u chart

1.2
1.0+

e T e | e — 1
0.8
0.6- /‘\\

Mean:éti \\/
0.4
0.2 fuglsoto==y [ S T R v ) Y S
0.0 T T T T T T T T T T T T T T T T T

> v > ™ “ © A el ) NN ~Y N% N N ,\{o o ,\"\ N D
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PERCENT PATIENTS C/O CHEST PAIN SEEN BY
CARDIOLOGIST WITHIN 10 MINUTES OF ARRIVAL TO ED
EXAMPLE CHART

120%
110%

2 100%

-

(=]

S 90%

= 80%

=

& 70%

wn

£ 60% _ -

.§ 0 //\\//_ \\\_§ /’/’___—— ~—\\\_’/§'/~_

= 50% T - _ o

= Target Goal / Desired Direction:

N V) -

§ 40% INCREASE in the PERCENT of patients c/o chest

5 30% pain seen by cardiologist within 10 minutes of

A 20% + arrival to Emergency Department.

. Interpretation: Current performance shows
10% 1 (desirable) upward trend.
0% - —t "
1 2 3 4 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 - T T TucL

XYZ Medical Center T fveraee
Performance Improvement Report 24 Weeks: October 2003 -- March 2004 —
March 25,2004 _ p-chart, possible range 0-100% H
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Number of Patient Complaints by Month
(XmR chart)

Are there any special causes present? If so, what are they?

50.0

A5 () —hrm s s s R R AR AR RN R R AR AR AR AR R R R AR R R AR R EEEEEEEEREEEEEEEREEEEEE UCL=44.855

A

40.0
B
35.0 1
c

CL=29.250

C

30.0

25.0 1

B
20.0

A

LCL=13.645

Number of Complaints

15.0

10.0

5.0 T T T T T T T T T T T T T T T T T T T T T T T T
Jan01 Mar01 MayOl July0l SeptO1 NovOl Jan02 Mar02 May02 July02 Sept02 Nov02

Month H
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Number of Patient Complaints by Month
(XmR chart)

Are there any special causes present? If so, what are they?

50.0

45.0

?L:44.855

B

40.0

35.0 1

C

CL=29.250

C

30.0

25.0 1

B
20.0

A

15.0
LCL=13.645

Number of Complaints

10.0

5.0 T T T T T T T T T T T T T T T T T T T T T T T T
Jan01 Mar01 MayOl July0l SeptO1 NovOl Jan02 Mar02 May02 July02 Sept02 Nov02

Month H

35
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Deciding which Shewhart chart

- 7 IS most appropriate

XmR chart

X bar S chart

p-chart

c-chart |
u-chart

© 2016 Institute for Healthcare Improvement/R. Lloyd



It starts with determining what type of
data you have collected

Variables Data

Attributes Data

Defects
(occurrences only)

Defectives

(occurrences plus
non-occurrences)

Nonconforming Units

Nonconformities H

©Copyright 2016 IHI/R. Lloyd



Classification data & Count data

(Attribute data)

Defectives (Classification) into only 1 of only 2 categories (a
binomial situation) where you know both the occurrences and

the non-occurrences of an event.
* harm/no harm
« conforming/not conforming
* go/no-go
 pass/fail
» good/bad
* OK/not OK
* On/Off

Defects (Count) data focuses on attributes
that are relatively rare but you only know the
occurrence of an event (i.e., you do not know
the non-occurrences) and you are counting
how many specific things make the item or

event not acceptable (i.e., defective). A
defective product can have more than one
defect.

 number of defects

 number of mistakes

 number of accidents




OK?
If Yes, then the car is fit to be
shipped out!

Not OK?
If No, then the car is classified as being
“defective” but we do not know why it is
defective (not fit to be shipped) until we
Inspect it and count the number of
specific “defects” that make the car “not
OK?” or defective.

©Copyright 2016 IHI/R. Lloyd



1 Defective car with 3 Defects

2nd defect =
=¥ rear support
8 strut is loose

3rd defect =
rear left door
1st defect = does not fit |
interior lights flush with the PSS

don’t work body



Defectives and Defects Measurement Options

What percentage of pages have 1 or more errors?

How many total errors are there?

Page 1 Page 2 Page 3 Page 4
X X XX
X XX
Defectives bad good bad bad
Defects 2 0 1 5

Summary
Percent of Defectives = 3 out of 6 pages are bad for 50% bad (defective) pages
Number of Defects = 8 typing errors
Defect Rate = 8 errors (i.e., errors) on 6 pages for 1.3 errors per page

Question: Do you know the differences

between Proportions, Percentages and Rates?




You Make the Call!

This is a 2 minute quiz! Find a buddy and decide if each measure is a
defective (classification) or a defect (count)

Defective Defect
Measure (classification) | (count)

1. Number of accidents per 1000 employee days

2. Number errors per 25 food trays

3. Percent of AMI patients who received aspirin within 24 hours
of arrival in ER

4. Percent of deaths each month

5. Number of surgical complications per 1000 surgeries
performed

6. Proportion of pneumonia patients who get antibiotics
appropriately at time of admission

7. Number of falls per 1000 patient days

8. Number of medication errors per 10,000 doses dispensed




You Make the Call!

This is a 2 minute quiz! Find a buddy and decide if each measure is a
defective (classification) or a defect (count)

Defective Defect
Measure (classification) | (count)
1. Number of accidents per 1000 employee days X
2. Number errors per 25 food trays X
3. Percent of AMI patients who received aspirin within 24 hours X
of arrival in ER
4. Percent of deaths each month X
5. Number of surgical complications per 1000 surgeries X
performed
6. Proportion of pneumonia patients who get antibiotics X
appropriately at time of admission
7. Number of falls per 1000 patient days X
8. Number of medication errors per 10,000 doses dispensed X




There Are 5 Basic Control Charts

Variables Charts Attributes Charts
* p-chart

« X& S chart (proportion or percent of
(average & SD chart) defectives)
» XmR chart * c-chart
(individuals & moving (number of defects)
range chart)
* U-chart

(defect rate)

Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. Jones and Bartlett, 2004, Chap.6




The Control Chart Decision Tree

Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. Jones and Bartlett, 2004.

Decide on the type
of data

Variables Data Attributes Data

Occurrences &

No Non- Yes
More than occurrences?
one
Yes observation NoO
per
subgroup?
Is there an
equal area of
Yes opportunity? No
{' L \ 4 \ 4 \ 4
Xbar& S XmR c-chart u-chart p-chart
Average and .
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The Control Chart Decision Tree

Source: R. Lloyd. Quality Health Care.: A Guide to Developing and Using Indicators. Jones and Bartlett, 2004.
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Key Terms for Control Chart Selection

Subqgroup

How you organize you data
(e.g., by day, week or month)

The label of your horizontal
axis

Can be patients in
chronological order

Can be of equal or unequal
sizes

Applies to all the charts

Observation

The actual value (data) you
collect

The label of your vertical axis

May be single or multiple data
points

Applies to all the charts

Area of Opportunity

Applies to all attributes or
counts charts

Defines the area or frame in
which a defective or defect can
occur

Can be of equal or unequal
sizes




Is It an XmR (l) or X bar & S chart?

XmR Xbar &S
MeaSU re (I chart) chart

. Time to clean an inpatient room (in minutes)

. Patient satisfaction scores for subgroups of 15 patients in
the outpatient surgery area

. Average turnaround time for all STAT labs done each day

. Cost for each hip replacement surgery

. A diabetic patient’s 3x a day blood sugar readings

. Average length of stay for a subgroup of 20 ICU patients

. The distance (in feet) that a sample of 10 knee
replacement patients can walk in 15 seconds




Is It an XmR (l) or X bar & S chart?

XmR Xbar & S
Measure (I chart) chart
. Time to clean an inpatient room (in minutes) X
. Patient satisfaction scores for subgroups of 15 patients in X
the outpatient surgery area
. Average turnaround time for all STAT labs done each day X
. Cost for each hip replacement surgery X
. A diabetic patient’s 3x a day blood sugar readings X
. Average length of stay for a subgroup of 20 ICU patients X
. The distance (in feet) that a sample of 10 knee X
replacement patients can walk in 15 seconds




The Control Chart Decision Tree

Source: R. Lloyd. Quality Health Care.: A Guide to Developing and Using Indicators. Jones and Bartlett, 2004.
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Key Terms for Control Chart Selection

Subgroup

How you organize you data
(e.g., by day, week or
month)

The label of your horizontal
axis

Can be patients in
chronological order

Can be of equal or unequal
sizes

Applies to all the charts

Observation

The actual value (data) you
collect

The label of your vertical
axis

May be single or multiple
data points combined into
one point on the chart

Applies to all the charts

Area of Opportunity

Applies to all attributes or
counts charts

Defines the area or frame in
which a defective or defect
can occur

Can be of equal or unequal
sizes




Is It a p, c or u-chart?

—

Measure

p-chart

c-chart

u-chart —

1. The number of central line insertions each week during which all
elements of the bundle were followed divided by the total number of
central line insertions that week

2. The weekly number of catheter-associated urinary tract infections
per 1000 urinary catheter days

3. The total number of patient falls each month (with or without injury
to the patient and whether or not assisted by a staff member) is
divided by the total patient days for the month

4. An analyst pulls a sample of 50 orthopedic surgery charts each
week and counts all discrepancies from standard documentation
practice

5. Each medication order is checked against five potential types of
errors. You also have the total number of orders placed each week

6. Each day the number of home healthcare visits that are more than
15 minutes late on arrival are recorded and compared with the total
number of visits scheduled for that day.

7. The number of outpatients not showing up for an appointment is
recorded each week.




Is It a p, c or u-chart?

—

Measure

p-chart

c-chart

u-chart —

1. The number of central line insertions each week during which all
elements of the bundle were followed divided by the total number of
central line insertions that week

X

2. The weekly number of catheter-associated urinary tract infections
per 1000 urinary catheter days

3. The total number of patient falls each month (with or without injury
to the patient and whether or not assisted by a staff member) is
divided by the total patient days for the month

4. An analyst pulls a sample of 50 orthopedic surgery charts each
week and counts all discrepancies from standard documentation
practice

5. Each medication order is checked against five potential types of
errors. You also have the total number of orders placed each week

6. Each day the number of home healthcare visits that are more than
15 minutes late on arrival are recorded and compared with the total
number of visits scheduled for that day.

7. The number of outpatients not showing up for an appointment is
recorded each week.




Control Chart Summary Table

Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. Jones and Bartlett Publishers, 2004.: 206-207.

Type of
Control Chart

Type of Data
and data collection issues

Examples of Indicators
used on this type of chart

X-bar & S chart

This is known as the Average (X-bar) and
Standard Deviation (S) chart. Most SPC
software programs will give you two charts
when you select this chart: one for the X-
bar portion and one for the S portion. This
Is considered to be the most statistically
powerful of all the charts.

Continuous data

The X-bar & S chart usually involves drawing a
small sample of observations that are organized
into rational subgroups. The statistical principles
behind this chart are based on the assumptions of
the normal (Gaussian) bell-shaped distribution.

Actual turnaround time for 5 lab tests
or 3 pharmacy orders each day
Blood pressure readings (e.g., 3 per
day)

Diabetes monitoring (mg/dl)
Anesthesia time for selected
procedures

Patient satisfaction scores

XmR chart

This chart is known as the Individual values
and moving range chart. Sometimes it will
be referred to as the Individuals or I-chart.
It does not have the statistical rigor or
power of the X-bar & S chart. This chart is
used to answer questions related to volume,
“How many surgeries did we do this
week?” The XmR chart does not address
the question as to whether these surgeries
were started on time (this would require a
p-chart). Instead, the XmR chart is
answering a neutral question, “How
many?”

Continuous data

The XmR chart is used when you have a single
observation for each subgroup. Sampling typically
is not done but might be if the process being
monitored has an extremely large volume. Since
this chart frequently uses aggregates as the plotted
number (e.g., days in accounts receivable this
month), it is important to make sure that the data
are consistently collected from one time period to
the next. This chart is used to evaluate questions
related process outcomes (volumes), with no
concern as to whether the outcomes of the process
are acceptable or not acceptable.

Patient wait time to see the physician
or to be seen in the ED

The number of days to mail a patient
bill after discharge

The number of calls coming into a
clinic each day

Average length of stay by week for a
particular DRG

The number of surgeries done each
week

Operating margin by month

Pounds of laundry each day

Average turnaround time by day

The number of food trays produced




Control Chart Summary Table

Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. Jones and Bartlett Publishers, 2004.: 206-207.

Type of
Control Chart

Type of Data
and data collection issues

Examples of Indicators
used on this type of chart

p-chart

The p-char t is used frequently in
healthcare to compute the percent (or
proportion) of defective products or
services. The p-chart requires being able to
count both the numerator and the
denominator.

Attributes data

These data are classified as defectives or
nonconforming units because they reflect the
percent (or proportion) of undesirable outcomes
(the numerators). The denominators usually (but
not always) are of varying sizes, which produce
stair-step control limits. Data of this type reflect
the binomial distribution. The denominators need
to be sufficiently large (e.g., greater than 15) to
enable a reasonable percentage to be calculated
yet not too large (e.g., over 300).

Percent of c-sections

Percent of late food tray

Percent of incomplete charts
Percent of late surgery starts

Percent of bills that are inaccurate
Percent mortality

Percent RN turnover

Percent of patients responding “\Very
Good” to a survey question

c-chart

The c-chart is used to count the number of
defects that occur within an equal area of
opportunity when the non-defects are
unknown. In this case, each observed unit
(e.g., a patient) can have multiple defects
(e.g., falls). Generally speaking, these are
considered to be “rare events.”

Attributes data

The key to using a c-chart is that there must be an
equal opportunity for a defect to occur. This
condition frequently makes it difficult to use this
chart in healthcare because the conditions under
which we provide care do not always remain
constant. These data are based on the Poisson
distribution.

The number of falls

The number of restraints

The number of needle sticks

The number of law suits filed

The number of ventilator associated
pneumonias

The number of nosocomial infections
The number of medication errors
The number of returns to surgery




Control Chart Summary Table

Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. Jones and Bartlett Publishers, 2004.: 206-207.

Type of Type of Data Examples of Indicators
Control Chart and data collection issues used on this type of chart
u-chart Attributes data = Medication errors per 100 admissions
The u-chart is used to track defects when | The Poisson distribution is also used as the frame |=  \entilator associated pneumonias per
the area of opportunity is not equal. For of reference for this chart. The u-chart presents 1000 vent days

this reason, the u-chart is use more often in |rates (e.g., so many falls per 1000 patient days). |=  Total falls per 1000 patient days
healthcare than the c-chart. This chartis  |Knowledge of how to collect data to form rates is[=  Total readmits per 1000 discharges
based on rates rather than simple counts.  |essential.

POINT: Be clear on the type of chart, the type of
data and the indicator you plan to place on a
Control Chart!




“Practice isn't the
thing you do once
you're good. It's
the thing you do
that makes you

”
gOOd. - Malcolm Gladwell

So, let’s practice...

ment/R. Lloyd



Making Shewhart Charts with the
Ql Chart Software

» Each table has a laptop with O/ Charts software loaded on it and an Exce/
database with data for making Shewhart charts.

» Each table should select 1 or 2 people with good Excel skills to operate the
laptop and make the charts

» Everyone at the table should:

= Collectively deciding which Shewhart chart is most appropriate for each data
set.

= Provide guidance and suggestions on how to make each chart in the QI
Charts software.

= Enhance the chart to improve its graphic appearance

= it




So, make me proud!
Pick the most appropriate chart and then
make it correctly!

G I here are 10 data sets (Tabs) for your use.

« Each table should start with Tab #1 and work your way
through making all the charts.

« Note that the easier data sets are at the beginning.

« Also note that the p and u-charts require entering the
numerator and the denominator.

The X bar & S charts is the most complicated of the charts. Tab #9 will be used to show how
this chart is created so you can make the chart in Tab #10.

If you have any questions, please raise your hand and a facilitator will come to your table.

Finally, note that some of the data can be used to make more than one Shewhart chart.

o it




Excel Data Sets for QI Charts

Tab Content

Infectious Waste

Referral Time

Pressure Ulcers

Family/Carer Complaints

Complications

Inpatient Falls

Adverse Drug Events (ADES)

Ventilator Associated Pneumonias (VAPS)
Time (in days) to Complete Initial Contact
Length of Stay by Case

O© | 0 N Ol WIN|PF

=
o
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The choice of a control chart depends on the
measure you have defined!

Type of Chart Medication Production Analysis
X bar & S Chart TAT for a daily sample of 25 medication orders
Individuals Chart The number of medication orders processed
(XmR) each week
Using a sample of 100 medication orders each
C-Chart week, we count the errors (defects) on each
order
Out of all medication orders each week, we
U-Chart calculate the number of errors (defects) per
10k orders
For all medication orders each week, we
P-Chart calculate the percentage that have 1 or more

errors (i.e., are defective)

62
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But realize that the Charts
Don’t Tell You...

* The reasons(s) for a Special Cause.

* Whether or not a Common Cause process should be
Improved (is the performance of the process acceptable?)

* How the process should actually be improved or
redesigned.

© 2016 Institute for Healthcare Improvement/R. Lloyd



You heed a Framework for
Performance Imgrovement

« Establish appropriate measures.
« Set an aim and goal for each measure.

* Develop theories and predictions on how you plan on achieving
the aim and an appropriate time frame for testing.

* Test your theory, implement the change concepts, follow the
measures over time and analyze the results.

* Revise the strategy as needed. Act |Plan

Act |P

Act |PI i l
Act |P o | Do gtu dy D S dy Do
i1 N sy Do




A Simple Improvement Plan

Which process do you want to improve or redesign?
Does the process contain common or special cause variation?

How do you plan on actually making improvements? What strategies do
you plan to follow to make things better?

What effect (if any) did your plan have on the process performance?

SPC methods and tools

will help you answer Questions 2 & 4.
YOU need to figure out the answers to Questions 1 & 3.

© 2016 Institute for Healthcare Improvement/R. Lloyd



Finally, remember that datais a necessary part of the
Sequence of Improvement

Make part of Sustaining improvements
routine and Spreading changes to

operationslother locations

Test undfer a Implementing a
varleﬁy_ O change
COﬂdItIOﬂS’

Theory Testing a

and change

Prediction

Developing a
change

© 2016 Institute for Healthcare Improvement/R. Lloyd
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nendix A: R. Lloyd Bio and books

nendix B: General References on Quality

nendix C: References on Measurement
nendix D: Basic statistical principles

nendix E: When do we revise control limits?

nendix F: So how will you know when...
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A closing thought...

“Quality begins with
Intent, which i1s fixed
by management.”

W. E. Deming, Out of the Crisis, p.5
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Appendix A: Faculty Bio "

rlifoyd@ihi.org
, @rlloyd66

Robert Lloyd, PhD., Vice President, Institute for Healthcare Improvement
provides leadership in the areas of performance improvement strategies,
statistical process control methods, development of strategic dashboards
and capacity and capability building for quality improvement. He also
serves as faculty for the IHI Improvement Advisor (IA) Professional
Development programme and various IHI initiatives and demonstration
projects in the US, Canada, the UK, Sweden, Denmark, Norway, Africa, the
Middle East and New Zealand. Dr. Lloyd an internationally recognized
speaker on quality improvement concepts, methods and tools. He also
advises senior leadership teams on how to create the structures and
processes that will make quality thinking part of daily work. He is the author
of two leading books on measuring quality improvement in healthcare
settings and numerous articles and chapters on quality measurement and
improvement. He lives in Chicago, lllinois with his wife Gwenn, daughter
Devon and their ever entertaining dog Cricket.




Raymond G. Carey, Ph.D. -
Robert C. Lloyd, Ph.D. Q“allty SECOND EDITION

Measuring S— Health Care
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I AGUIDETO
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L
.

DEVELOPING
Illl l"ve . t AND USING
P men ;N DICATORS
@
in Healthcare

A Guide to Statistical

Process Control Applications

Dr. Lloyd’s books, Measuring Quality Improvement in Healthcare: A Guide
to Statistical Process Control Applications (ASQ Press, 2000),
https://asq.org/quality-press/display-item?item=H1091

Quality HealthCare.: A Guide to Developing and Using Indicators, (Jones &
Bartlett Learning (2004, 1st edition) with the 2"d edition to be released in the
fall of 2017 http://www.]blearning.com/catalog/9781284023077/
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Appendix A: Faculty Bio "

Yasser Alotaibi, MD, SBFM, ABFM, Dip QPS. is a 2016-2017 IHI fellow form
the ministry of defense in Saudi Arabia. Dr. Yasser oversees quality corporate
polices & system improvement in the healthcare services of the ministry of
defense, Kingdom of Saudi Arabia. He earned his MD degree at the King
Saud university in Saudi Arabia. He completed his Family Medicine board in
2007 and his diploma in Quality & Patient Safety in 2012. Dr. Yasser is an
instructor in family medicine and a faculty in the quality and patient safety
diploma in the prince sultan college. Additionally he is a certified lean
yalotaibi@I/Hl.org management professional and lean six sigma green belt.

Dr. Yasser served as the Chief Quality Officer and member of the board of directors for the Prince
Sultan Military Medical City from 2013-2016. Areas of interest include; Evidence based quality
improvement and the use of Health Information Technology to improve patient safety.

Alternative Email: ykeotb@agmail.com

LinkedIn: https://www.linkedin.com/in/yasser-alotaibi-77641872/



mailto:ykeotb@gmail.com

Appendix B
General References on Quality

« The Improvement Guide: A Practical Approach to Enhancing Organizational Performance. G.
Langley, K. Nolan, T. Nolan, C. Norman, L. Provost. Jossey-Bass Publishers., San Francisco,
1996.

« Quality Improvement Through Planned Experimentation. 2nd edition. R. Moen, T. Nolan, L.
Provost, McGraw-Hill, NY, 1998.

« The Improvement Handbook. Associates in Process Improvement. Austin, TX, January, 2005.

« A Primer on Leading the Improvement of Systems,” Don M. Berwick, BMJ, 312: pp 619-622,
1996.

« “Accelerating the Pace of Improvement - An Interview with Thomas Nolan,” Journal of Quality
Improvement, Volume 23, No. 4, The Joint Commission, April, 1997.
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Appendix C
References on Measurement

Brook, R. et. al. “Health System Reform and Quality.” Journal of the American Medical
Association 276, no. 6 (1996): 476-480.

Carey, R. and Lloyd, R. Measuring Quality Improvement in healthcare: A Guide to Statistical
Process Control Applications. ASQ Press, Milwaukee, W1, 2001.

Lloyd, R. Quality Health Care: A Guide to Developing and Using Indicators. Jones and Bartlett
Publishers, Sudbury, MA, 2004.

Nelson, E. et a/, “Report Cards or Instrument Panels: Who Needs What? Journal of Quality
Improvement, Volume 21, Number 4, April, 1995.

Provost, L. and Murray, S. The Health Care Data Guide. Jossey-Bass, 2011.

Solberg. L. et. al. “The Three Faces of Performance Improvement: Improvement,
Accountability and Research.” Journal of Quality Improvement 23, no.3 (1997): 135-147.
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Appendix D
A few basic statistical principles

Descriptive Statistics related to depicting variation

The sum of the deviations (x; — x ) of a set of Y (x,—x)=0

] . . /
observations about their mean is equal to zero.
The average deviation (AD) is obtained by adding the |x—x/
absolute values of the deviations of the individual values AD = 7
from their mean and dividing by n.
The sample variance (s?) is the average of the squares of , _ = (x—x)?
the deviations of the individual values from their mean. ST n -1

Which finally leads us to our good old friend, the standard | See the next page for
deviation, which is the positive square root of the this fun formula!
variance.




The Standard Deviation

Formula for calculating a
standard deviation

76

> (Xi—X)’
N*

*Note: this denominator will be N-1 if
you have drawn a sample.

The Standard Deviation
(sd) is created by taking
the deviation of each
individual data point (Xi)
from the mean (X),

squaring each difference,
summing the results,
dividing by the number of
cases and then taking the
square root.




Appendix E
When do we revise control limits?

When “trial” limits have been calculated with fewer than 20 subgroups.

When the initial control chart has special causes and there is a desire to use the
calculated limits for analysis of data to be collected in the future.

When improvements have be made to the process and the improvements result
In special causes on the control chart.

When the control chart remains unstable for 20 or more subgroups and
approaches to identify and remove the special causes have been exhausted.

When you change the operational definition. H




Trial Limits versus Initial Limits

Run Chart (k =12 subgroups
100 (k groups)
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When do we revise control limits?

. When “trial” limits have been calculated with fewer than 20 subgroups

. When the initial control chart has special causes and thereis a
desire to use the calculated limits for analysis of data to be
collected in the future

DG 4-18
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Including Special Causes in the Estimate

— —
Limits From Baseline Data with Special Cause Present
(Special Cause Data Included in Calculation of Limits)
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When do we revise control limits?

3. When improvements have be made to the process and the
Improvements result in special causes on the control chart

DG 4-19
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M nut es

Wait Time t

0 See the Doctor

XNR Gart

February

Where will the

process go?

30.0
27.5 4
25.0 4
22.5 4
20. 0 4
17.5 4
15. 0 A
12.5 4
10. 0
P T T T T T T T T T
7.5 4
5.0 4 Baseline
a5l Period _
1 9 po) [4 J L1 1o 15
2 4 6 8 10 12 14 16
16 Patents n February
82

17 19 Freeze the Control Limits and Centerline, extend
18 20 them and compare the new process performance to

these reference lines to determine if a special cause

has been introduced as a result of the intervention.
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M nut es

Walit Time to See the Doctor

XNR Gart

February Apr |

30.0

Freeze the Control Limits and compare
the new process performance to the
baseline using the UCL, LCL and CL from
the baseline period as reference lines

A Special Cause is
detected

A run of 8 or more
data points on one

5.0 Baseline side of the centerline
P . d reflecting a sift in the
2' 5 T T T erlo T T T T T T T T T T T T T T T T T T T prOCESS
1 o) 7 ) T T3 15 17 19 21 23 25 27 29 31
28 30 32

2 4 6 8 10 12 14 16 18 20 22 24 26
16 Patents n February and 16 Patents n Aprl
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M hut es

Walit Time to See the Doctor

XNR Gart

February Apr |

30.0

27.5

25.0

22.5

20.0 A

Make new control limits for
the process to show the
improvement

17.5 +

15. 0
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10. 0 +

Baseline
Period

7 9 11 13 15 17 19 21 23
6 8 10 12 14 16 18 20 22 24
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26

28

30

32
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Segmenting the Data to Show Improvement
Revising Limits After Evidence of Improvement

100 Initial Extended Limits Reveal Improvement
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When do we revise control limits?

4. When the control chart remains unstable for 20 or more subgroups
and approaches to identify and remove the special causes have been
exhausted.

DG 4-19

©2015 Institute for Healthcare Improvement/R. C. Lloyd



Efforts to Remove the Special Cause Have Failed

—eee

Continued Special Cause (Indicates New Level of Process Performance)

Individuals

I —

125 | ¥ Good
115 +
w
>
@ 105
a
5]
= UCL = 98.20
95
Mear)&07 //\
J \/ \/./ I 3
85 |
LCL = 77.93
75 — — — — — — — — — —— — — — — — — — — — — T
MO4AMJJAS O N DJO5F M A M J J A S ON DJO6F M A M J J A S O NDJOZTF M A M J J A S O N D
Persistent Special Cause
Indiv iduals
¥ Good
125 —
UCL = 119.54
115
w
= 105
a
5] J
= UcL = 98.20
<
95 —
LCL = 91.95
Ime ad= & 07 /.\Q /.\ f\&
d RN
85
LCL = 77.93
75 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
J A S o N D J07 F M A J J A s o N D

T
MO4A M J J

©2015 Institute for Healthcare Improvement/R. C. Lloyd



When do we revise control limits?

. When “trial” limits have been calculated with fewer than 20 subgroups

. When the initial control chart has special causes and there is a desire to
use the calculated limits for analysis of data to be collected in the future

. When improvements have be made to the process and the
Improvements result in special causes on the control chart

. When the control chart remains unstable for 20 or more subgroups and
approaches to identify and remove the special causes have exhausted.

. When you change the operational definition

©2015 Institute for Healthcare Improvement/R. C. Lloyd



Changing an Operational Definition

W

« Operational Definition changed here

A%

Time 1 Time 2
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When do we NOT revise control limits?

KEEP

CALM

AND ENJOY

QUARTER

END
So00000, let’s
' Cﬁa;nge the
END OF 3RD control

i [imits!
™ Change the limits!




Appendix F
So, how will you know...

. If the change(s) you have made signal a true
Improvement?

. If you have sustained improvement?
. If it is the right time to implement the change(s)
. If it is time to spread the change(s) to other areas?

. If it Is time to stop measuring?




So, how will you know...

1. If the change(s) you have made signal a true improvement?




Run & Control Chart Rules are used to
determine iIf a change has occurred

Use the run chart rules to determine if a change has occurred:

> A shift = 6 or more data points above or below the baseline median
(centerline)

> Atrend = 5 data points constant going up or down

Use control chart rules to determine if a change has occurred:

> A shift = 8 or more data points above or below the baseline median
(centerline)

> Atrend = 6 data points constant going up or down




Any of the run chart rules found here?

Number of Falls
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So, how will you know...

2. If you have sustained improvement?




Sustained Improvement

* First identify a shift or atrend in the data
~» Then look to see if 3 or more data point have stayed at the new level.

Measure

320 ~

300 A

280 A

260 -

240 A

220 A

200 A

180 -

160

3 more data
points staying
at the new level

_ of performance
Median L ~_
A downward shift in the Y
data (6 data points below
the median)
2/16/11 3/16 4/13 5/11 6/8

TIime —» Week




So, how will you know...

3. Ifitis theright time to implement the change(s)




Deg fee Of B el | ef Wh en Source: The Improvement

Guide, Langley, J. et al,

Making Changes to Improve  Jossey-gass, 2009: 145.
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Conditions for Implementing a Change

Current Situation Resistant Indifferent Ready
Risk of not
Low succeeding
Confidence that large
current change —
idea will lead to | Risk of not /
Improvement succeeding Small Scale
small
e
Risk of not /
High succeeding Small Scale Large Scale
Confidence that large Test Test
current change
idea will lead to |  Risk of not /L/
Improvement succeeding
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So, how will you know...

4. If it i1s time to spread the change(s) to other areas?




Spreading a Change

« First identify a shift or atrend in the data.

« Then look to see if 6 or more data point have stayed at the new level.
 This indicates that you are ‘holding the gains.’

O5SF HealthCare

6 more data
points staying
at the new level
of performance

‘1 A downward shift in the
data (6 data points below
the median)
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So, how will you know...

5. Ifitis time to stop measuring?




Two Simple Rules for Measuring

Outcome Measures — always!

Process Measures — it depends!




How often do you need to measure?

It Is not uncommon for a team to want to stop
collecting data, especially after they have
been at it for a year or two!

The reliability of the process and your
need to know how the process is
functioning should drive the frequency of

data collection and analysis.




A Simple Rule for Outcomes

Qutcome Measures — Always!

As long as you are concerned about the quality and
safety of the care that you deliver, you should
continue to track the outcomes!

For example, how long should these outcomes be measured?

* When do you stop measuring your financial results?

* When should a diabetic patient stop tracking his or her blood glucose?

* How long should we monitor the vital signs of an ICU patient ?

« When should airport security stop assessing passengers for weapons?

« How long does a local water authority need to measure the quality of the
water going through its pipes?

* When should schools stop measuring the progress of students?




A Simple Rule for Processes

Process Measures — it depends!

* Process measures usually demonstrate improvement before
outcome measures.

* Process measures may be revised during an improvement project;
new data will then need to be collected and tracked.

* A process measure should demonstrate improvement (against the
run chart rules) and then STAY at the new level of performance for
at least 3 reporting periods to be considered “sustained.”




Frequency of Process Measures

Reqularly (daily, weekly or monthly)

Done to improve a specific measure (reduce variation or shift the centerline
of process performance)

Periodically (once every 2 - 3 months)

Done when statistical improvement has been noted, sustained AND the
process is highly reliable (audit approach can be used here)

Once or twice a year (why bother?)

Stop measuring!

 Done when performance is so reliable, stable and capable that it is time to
move on to measure something new.
 Or when the measure is no longer relevant.




