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ME Forum 2019 Orientation 

Learning Objectives

At the end of this session, participants will be able to:

1. Explain the elements of Shewhart Charts, their underlying 

theory, and the rules for special cause variation.

2. Describe the different types of data that can be used to make 

a Shewhart Chart and provide guidance in deciding which 

Shewhart Chart is most appropriate for their data.

3. Apply Shewhart Charts to their measures.



So, why is this 

session referring to 

Shewhart Charts?  I 

thought I signed up 

to learn about 

Control Charts?



Good question.

I laid the foundation for 

these charts while working 

at Western Electric back in 

the early 1920s.  

Over time, the charts 

became popular and  they 

were named after me.  

Iôm quite honored!



Langley, G. et al, The Improvement Guide, Jossey bass Publishing, 2009.

A framework for

Learning and Change

When you 

combine 

the 3 

questions 

with theé

éthe Model 

for 

Improvement.

PDSA cycle, 

you geté

Our focus today



Is the process 

standardized?

Organize a 

team

Diagnose   the 

problem and 

related 

process(es)

NO

YES

Identify potential 

measures

Select process, 

outcome and 

balancing 

measures

Develop  

Operational 

Definition(s)

Collect & plot 

the data on a 

run or control 

chart

Are special 

causes 

present?

NOYES Identify  Change 

Concepts and Ideas  

that can be placed into 

PDSAs

Identify an 

opportunity for 

improvement

Investigate & 

Eliminate

A

Steps in the Quality Measurement Journey

Where Measurement fits into the 

Quality Improvement Journey

Standardize 

the

process(es)

Source: Carey, R. and Lloyd, 

R. Measuring Quality 

Improvement in Healthcare: 

A Guide to Statistical 

Process Control 

Applications.  ASQ Press, 

Milwaukee, WI, 2001.



Did the ideas 

have the 

desired 

impact?

Run 

PDSA 

tests

Collect 

additional data 

on the key 

measures and 

update the run 

or control 

charts

NO

YES

Modify the 

improvement 

strategy

Implement the 

ideas, sustain 

the  gains and 

consider 

spread

Continue to 

monitor the 

new 

processes 

and report 

ongoing 

results

Identify other 

opportunities for 

improvement

Select  

specific 

ideas for 

change

A

Disseminate 

results as 

appropriate

Steps in the Quality Measurement Journey

Source: Carey, R. and Lloyd, R. Measuring Quality Improvement in Healthcare: 

A Guide to Statistical Process Control Applications.  ASQ Press, Milwaukee, WI, 2001.

Where Measurement fits into the 

Quality Improvement Journey (cont.)
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AIM (Why are you measuring?)

Concept

Measure

Operational  Definitions

Data Collection Plan

Data Collection

Analysis ACTION

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

Do you know the Milestones in the Quality 

Measurement Journey (QMJ)?
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AIM (Why are you measuring?)

Concept

Measure

Operational  Definitions

Data Collection Plan

Data Collection

Analysis ACTION

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

Do you know the Milestones in the Quality 

Measurement Journey (QMJ)?

In this session we assume you 

know how to complete these steps!

Our Focus Today!
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Do you understanding variation 

conceptually?

You have data!

Now, what do you 

do with it?



ñIf I had to reduce my 

message for 

management to just a 

few words, Iôd say it 

all had to do with 

reducing variation.ò
W. Edwards Deming
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The Problem!

14

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 

improvement.

This happens when you use the Mean, Median, Mode, Minimum, Maximum, Range, 

or Standard Deviation to make decisions about the variation in the data.

Comparisons of monthly or quarterly averages also create a problem!
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due to the change made?



Source: Provost, Murray & Britto (2010)

Example of Summary Data

(What do you learn from these data?)

There is no learning here.  

This is data for judgment 

not improvement!
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Slide #18

Source: Provost, Murray & Britto (2010)

How Is the Error Rate Doing?

(What do you learn from these data?)

The process reflects common cause variation which means this 

performance is stable and therefore predictable.  But is this current 

process capable of achieving the short and long terms goals?



Source: Provost, Murray & Britto (2010)

Now letôs look at another measure
(percent of eligible patients receiving perfect care bundle) 
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Slide #20

How is Perfect Care Doing?

Source: Provost, Murray & Britto (2010)

What do you learn 

from these data?
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healthcare finance | March 2023 

ñSomething is happening to NHS finance board reports. Gone 

(well, going) are the detailed table and text heavy affairs with 

liberal use of RAG (red-amber-green) ratings to show 

performance. In their place is a new breed of reports, full of 

ónewô statistical process control charts.ò
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If you donôt understand the variation that lives in 

your data,  you will be tempted to ...

ÅDeny the data (It doesnôt fit my view of reality!) 

ÅSee trends where there are no trends

ÅTry to explain natural variation as special 

events

ÅBlame and give credit to people for things 

over which they have no control

ÅDistort the process that produced the data

ÅBlame the messenger!
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The consequences of not 

understanding  variation!

Source: William Scherkenbach. The Deming Route to Quality and Productivity. Ceep Press, Washington, DC, 1990, page 71.

Blame the 

Messenger
Increased 

Fear

Filtered 

Information

Micro-

management

Demingôs 

Cycle of 

Fear
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ñA 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 expected to 

vary in the futureò

W. Shewhart. Economic Control of 

Quality of Manufactured Product, 1931

Dr. Walter A Shewhart



© 2017 Institute for Healthcare Improvement/R. Lloyd

ñWhat is the variation in one system 

over time?òWalter A. Shewhart - early 1920ôs, Bell Laboratories

25

time

UCL

Every process displays variation:

Controlled variation
Å stable, consistent pattern of variation

Åñchanceò, constant causes

Special cause variation
Åñassignableò 

Å pattern changes over time

LCL

Static View

Dynamic View

S
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Common Cause Variation
Å Is inherent in the design of the 

process

Å Is due to regular, natural or 
ordinary causes

Å Affects all the outcomes of a 
process

Å Results in a ñstableò process that 
is predictable

Å Also known as random or 
unassignable variation

Special Cause Variation

Å Is due to irregular or unnatural 

causes that are not inherent 

in the design of the process

Å Affect some, but not 
necessarily all aspects of the 
process

Å Results in an ñunstableò 

process that is not predictable

Å Also known as non-random or 

assignable variation

26

Types of Variation
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Common Cause (Random) Variation

Å Points equally likely above or below center line

Å There will be a high data point and a low, but this is expected

Å No trends or shifts or other patterns
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Courtesy of Richard Scoville, PhD, IHI Improvement Advisor
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Two Types of Special Causes 

(non-random variation)

Unintentional

When the system is out of 

control and unstable due to 

unexpected forces

Intentional

When weôre trying 

to change the 

system

Idea courtesy of Richard Scoville, PhD, IHI Improvement Advisor

Holding the Gain: Isolated Femur Fractures
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2            Issues é

1. Does the process reflect random (i.e., common cause) 

variation?  If so, it is stable and therefore predictable.

2. Now, if it is predictable 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 have to decide if the process is capable (i.e., under current 

operating conditions is the process capable of hitting                

the target or goal? 

If not, (1) reduce the variation or (2) redesign the entire process.
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Leaders understand the different ways that variation is viewed. 

They explain changes in terms of common causes and special 

causes.

They use graphical methods to learn from data and expect others 

to consider variation in their decisions and actions. 

They understand the concept of stable and unstable processes 

and the potential losses due to tampering. 

Capability of a process or system is understood before changes 

are attempted.

Attributes of a Leader Who

Understands Variation
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ÅSelect several measures which your 

organization tracks regularly. 

ÅDo you and the leaders of your 

organization evaluate these measures 

according the criteria for common 

and special causes of variation?

ÅIf not, what criteria do you use to 

determine if your measures are 

improving or getting worse?  

Dialogue

Understanding Variation

Antal patienter med vårdtid < 6dygn i % vid primär elektiv knäplastik
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1. The same data can show different patterns of variation 

dependent on how much of it you present and how you 

statistically analyse and display the data.

2. Data presented over time (i.e., plotting the data by day, 

week or month) is the only way you will ever be able to 

improve any aspect of quality or safety!

3. Avoid using aggregated data and enumerative statistics if 

you are serious about improving quality and outcomes! 

4. A leaders job is to understand patterns of variation and ask 

why!

Conclusions

Understanding Variation
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Do you understand variation statistically?

33

STATIC VIEW

Descriptive Statistics
Mean, Median & Mode

Minimum/Maximum/Range
Standard Deviation

Bar graphs/Pie charts

DYNAMIC VIEW
Run Chart

Control Chart

(plot data over time)

Statistical Process Control (SPC)
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Annotated Time Series Charts
(the minimum standard for QI projects)

Line Graph

Shewhart Chart

Run Chart

Run and Shewhart (Control) 

Charts are the primary tools to 

determine:

Å The variation that lives in the 

process

Å If our improvement strategies 

have had the desired effect.
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Process Improvement: Isolated Femur Fractures
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Holding the Gain: Isolated Femur Fractures
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3. Determine if we are holding the gains

Current Process Performance: Isolated Femur Fractures 
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Three Uses of 

Annotate Time 

Series Charts

2. Determine if a change is an improvement                                                

1. Make process performance visible
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How do we analyze variation for 

quality improvement?
M

e
a

s
u

re

Time

M
e

a
s

u
re

Time

A Run Chart:

Åis a time series plot of data

ÅThe centerline is the Median

Å4 Run Chart rules are used to determine 

if there are random or non-random 

patterns in the data

A Shewhart (Control) Chart:

Åis a time series plot of data

ÅThe centerline is the Mean

ÅAdded features include Upper and lower 

control Limits (UCL & LCL)

Å5 Control Chart rules are used to determine 

if the data reflect common or special 

causes of variation

Run Chart

Control Chart
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Subgroup (along the X axis)
Å The label of the horizontal axis. 

Å How you have organized your data chronologically.

Å Could be sequential patients, hour of the day, day of the week, week or month.

Å Can be of equal or unequal sizes (i.e., consisting on 1 or more observations in each subgroup). 

Observation (along the Y axis)
Å The label of the vertical axis.

Å The actual value of a single data point 

(e.g., a count, percent, rate or unit of 

time).

Å The observation (dot on the chart) may 

be representing a single bit of data or 

multiple bits of data.

Data Points

Key Terms for making

Run and Shewhart Charts
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Four statistical run rules are used to determine if 

non-random variation is present

X (CL)
~

Elements of a Run Chart

The centerline (CL) on a 

Run Chart is the Median

Ideally you should have between 

10ï15 data points before 

constructing a run chart
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How do we analyze a Run Chart?

ñHow will I know 

what the Run Chart 

is trying to tell me?ò

It is actually quite easy:

1. Determine the number of runs.

2. Apply the 4 basic run chart rules 

decide if your data reflect 

random or non-random variation.
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How do we count the number of runs?

What is a Run?
ÅOne or more consecutive data points on the same 

side of the Median

ÅDo not include data points that fall on the Median

First, you need to determine the 

number of Runs on the chart

ÅDraw a circle around each run and count the number of circles you have 

drawn

ÅCount the number of times the sequence of data points (the line on the 

chart) crosses the Median and add ñ1ò

ÅThe two counts should be the same!
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Then you apply the rules to detect Non-

Random Variation in the Run Chart

Source: The Data Guide by L. Provost and S. Murray, Jossey-Bass Publishers, 2011.

A Shift: 

6 or more

An 

astronomical 

data point

Too many or 

too few runs

A Trend

5 or more



© 2017 Institute for Healthcare Improvement/R. Lloyd

We are not covering these questions in this 

session, but you should be able to answer these 

Key Run Chart Questions

43

1. What are the three primary reasons why we use Run charts?

2. How many data points do we need before starting a run chart?  Why this 

number?

3. Name the elements of a run chart and draw one on a piece of paper.

4. What is the centerline on a run chart and how do you locate it?  Show the 

formula you use to locate it and determine the centerline.

5. What is a run and how do you count the number of runs on a run chart?

6. Explain the run chart rules to identify non-random variation.  Why is it not 

appropriate to use the term ñspecial causeò with a run chart?  

7. Explain why a shift and a trend are defined by a specific number of data 

points.  How many data points define a shift and a trend?

8. If you have one really high and one really low data point are these considered 

astronomical?

9. When would you change the centerline on a run chart?  When would you 

not change the centerline?

Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. 2nd Edition, Jones and Bartlett Learning, 2019: 187-209..
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Your 

next 

moveé

éto gain more knowledge about Shewhart Charts 

(a.k.a. control charts)
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Why are Shewhart Charts preferred

over Run Charts?

Because Control Chartsé

1. Are more sensitive than run charts

ü A run chart cannot detect special causes that are 

due to point-to-point variation (median versus the 

mean)

ü 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.

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

performance.
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The Uses of Control Charts

Source; Don Wheeler, Advanced Topics in Statistical Process Control. SPC Press, Knoxville, TN, 1995.

Chart Type Description of Use
Report Card Charts

(weak use of control 

charts) 

ÅKept in the files

ÅVerification or historical review of performance

ÅNot used for real time improvement

Process Adjustment 

Charts

ÅProcess characteristics plotted for feedback and to make adjustments

ÅFeed-forward adjustments can also be made

ÅUsed to produce more consistent operation or performance

ÅObjective is to preserve the new status quo

ÅPotential for dynamic and continual improvement is missing

Process Trial Charts ÅUsed to analyze the data from simple experiments performed on the process

ÅShort-term usage as an alternative to ANOVA or other statistical techniques

Extended Monitoring 

Charts

ÅThe use of multiple control charts to simultaneously track several measures

ÅUsed to discover which charts provide the best predictions of performance

ÅUsually related to team-based improvement work

ÅUsed in conjunction with the Process Trial Charts and planned experiments 

Continual Improvement 

Charts 

ÅIt is rare that a team will begin with this usage of control charts

ÅProgress to this use usually occurs after previous uses have been mastered

ÅSuccessful use requires SPC knowledge on the part of the users

ÅSPC is ultimately a way of thinking with the charts acting as a catalyst 
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1. When is it appropriate to use Shewhart charts? Should I use them in 

place of descriptive statistics? 

2. What is the relationship between Shewhart charts and tests of 

significance?

3. How many data points do I need to make a Shewhart chart? What do 

I do if I do not have enough data?

4. Which is better, attributes or variables data?

5. What is a subgroup? Do I have to have one to make a Shewhart 

chart?

6. Can I make a Shewhart chart with only single data points?

7. Do my subgroups have to be of equal size when I make Shewhart 

charts? 

8. Much of the data I get does not have the date on it. So, does it really 

matter if the data points are not in chronological order? 

9. I still don't get this distinction between a standard deviation and a 

sigma limit. Why aren't they the same? Does it really matter? My 

spreadsheet software will give me a standard deviation. Why can't I 

just multiple this number by 3 and then add and subtract this product 

from the mean to get the control limits?

10. Why do I have to use three sigma control limits? Why can't I use 2 

two, or maybe 1.5 sigma limits?

11. Do defects add up to make defectives or is the other way around?

12. When I make a p-chart, does the size of the denominator make a 

difference? Can I have, for example, 4 or 5 in my denominator?

13. What is the difference between a proportion, a percentage, and a 

rate?

14. Should I view common cause variation as "ñgoodò" variation and 

special cause variation as "badò variation?

15. Do I really have to investigate a special cause? Can't I just remove the 

data point from the chart and get on with making changes?

Shewhart 

Charts 

Study 

Questions

©R. Lloyd. Quality Health 

Care: A Guide to Developing 

and Using Indicators. 2nd 

Edition, Jones and Bartlett, 

2019: Table 9-1, page 243.  

How many of 

these Questions 

can you 

answer?
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Key questions related to using 

Shewhart Control Charts

1. How many data points do I need?

2. What is a sigma limit?  And, why do I 

need 3 of them?

3. How do I use the zones on a Shewhart  

chart?

4. When do I change the control limits? 
(we will address this question later in this session) 
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Typically you should have a 

minimum of 20 data points before 

constructing a Shewhart chart

15 ï20 patients

15 ï20 days

15 ï20 weeks

15 ï20 months

15 - 20 quartersé?

Question #1

How many data points?



Principles for Creating Limits

If you have less than 12 data points use run 

chart rather than control chart

Is Our Volume of Net New Patients Stable?
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Principles for Creating Limits

When you have 12 -15 data points you should 

calculate and use ñtrial control limitsò
Is Our Volume of Net New Patients Stable?
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Individuals  UCL=94.0, Mean=45.9, LCL=-2.2 (mR=2) (temp)

Ideally, you should have ~20 data points for a Shewhart chart
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éand why do I 

need 3 of them?

Question #2: What is a Sigma Limit?

The UCL and LCL are known as Sigma Limits.

The challenge is to develop appropriate estimates of the 

mean and standard deviation for the process measure.

Each type of control chart has its own formula with the 

most appropriate statistic used for each formula.
Adapted from Provost and Murray, The Data Guide, 2007: p 5-2.
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Not all

measures

of dispersion

are created equal!

Minimum/Maximum

Range

Standard Deviation

Standard Error of the Mean

Sigma Limit

Sigma Hat

Estimate of the Standard Deviation

CAUTION!
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S (X i ïX)

N
(or n-1 if 

you have a 

sample)

2

The Standard Deviation 

(sd) is created by taking 

the deviation of each 

individual data point (X i) 

from the mean (X), 

squaring each difference, 

summing the results, 

dividing by the number of 

cases and then taking the 

square root.

Question #2: What is a sigma limit?

Remember the 

Standard Deviation?
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S (X i ïX)

N
(or n-1 if 

you have a 

sample)

2

The Standard Deviation 

(sd) is created by taking 

the deviation of each 

individual data point (X i) 

from the mean (X), 

squaring each difference, 

summing the results, 

dividing by the number of 

cases and then taking the 

square root.

Question #2: What is a sigma limit?

Remember the 

Standard Deviation?



57

ů= sd
The UCL and LCL are known as Sigma 

Limits (SLs).

They ARE NOT standard deviations!
The standard deviation (sd) is a summary statistic of a fixed distribution.  

Sigma Limits (SLs) are parameters of a process that is changing over time.

^

The Issueéif you calculate a standard deviation (sd), 

multiple it by 3 and then add and subtract this value 

from the mean, you will get the wrong control limits!  

You usually need SPC software to make 

control charts correctly!



Types of Error
Why do we use 3 Sigma Limits?  Why not 2 or 1.5?

Because you need to balance the risk of  
two types of error:

Tampering (Type I Error)

Concluding that a data point (or a group of 
points) indicates that a special cause exists 
when, in fact, it does not exist.

Under Controlling (Type II Error)

Concluding that a data point (or group of points) 
indicates that no special cause exists when, in 
fact, it does.



© 2021 Institute for Healthcare Improvement/R. Lloyd

593 Sigma Limits Balance the Risk of 

Making the Wrong Decision

High

Low

R
is

k

+/- 3SL+/- 1SL +/- 2SL +/- 4SL +/- 5SL +/- 6SL

The combined total risk of 

a Type I and a Type II Error 

is minimized when 3 sigma 

limits (SLs) are used. 

Tampering
(Type I Error)

Under 

Controlling
(Type II Error)



Why 3 Sigma Limits?

A Type I Error is more likely to occur 

when using 2 sigma limits  

(probability = .0456) than when using 

3 sigma limits (probability = .0026).

Adapted from E. Umble and M. Umble ñDeveloping Control Charts and Illustrating 

Type I and Type II Errors,ò Quality Management Journal, vol. 7, issue 4, 2000.



Why not 2 Sigma Limits?

ñBecause the probability of 

calling something a special 

cause when in fact it is not, is 

between 5% and 25%, 

depending on the shape of the 

distribution created by the data.ò

Source: Grant, E. L. and Leavenworth, R. S.  Statistical Quality Control. 

McGraw-Hill, New York, NY, 1988, page 66.



Shewhartôs and Demingôs rationale for the 

use of Shewhartôs three-sigma limits

1.The limits have a basis in statistical theory.

2.The limits have proven in practice to 

distinguish between special and 

common causes of variation.

3.In most cases, use of the limits will 

approximately minimize the total cost due 

to overreaction and under reaction to 

variation in the process.

4.The limits protect the morale of workers 

in the process by defining the 

magnitude of the variation that has 

been built into the process.
HC Data Guide p. 115

62
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UCL

LCL

X  (CL)

M
e
a
s
u

re
 

Time

Zone B

Zone A

Zone C

Zone C

Zone B

Zone A

+3 SL

+1 SL

+2 SL

-1 SL

-2 SL

-3 SL

Question #3

How do I use the Zones on

a Shewhart chart?

NOTE: 

Each zone 

is equal to 

1 sigma 

(not a 

standard 

deviation!)
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ñA 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 

expected to vary in 

the futureò

W. Shewhart. Economic Control of 

Quality of Manufactured Product, 1931

Dr. Walter A Shewhart

The Zones help us 

understand the variation that 

lives in the data
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Common Cause Variation
Å Is inherent in the design of the 

process

Å Is due to regular, natural or 
ordinary causes

Å Affects all the outcomes of a 
process

Å Results in a ñstableò process that 
is predictable

Å Also known as random or 
unassignable variation

Special Cause Variation

Å Is due to irregular or unnatural 

causes that are not inherent 

in the design of the process

Å Affect some, but not 
necessarily all aspects of the 
process

Å Results in an ñunstableò 

process that is not predictable

Å Also known as non-random or 

assignable variation

65

Remember, we need to identify two 

types of variation
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UCL

LCL

X  (CL)

M
e
a
s
u

re
 

Time

Zone B

Zone A

Zone C

Zone C

Zone B

Zone A

+3 SL

+1 SL

+2 SL

-1 SL

-2 SL

-3 SL

The Zones are used with the rules to 

identify Special Causes

NOTE: 

Each zone 

is equal to 

1 sigma 

NOT 1 

standard 

deviation!
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Rule #1: 1 point outside the +/- 3 sigma limits

Rule #2: 8 or more 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

There are MANY rules to detect special cause.

The following five rules are recommended for general 

use and will meet most applications of Shewhart Charts 

in health and social care settings.  

Basic Rules for Special Causes

on Shewhart Charts
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68

A single point outside the control limits

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

Two our of three consecutive points near a control
limit (outer one-third)

Eight or more consecutive points above or below
the centerline

Fifteen consecutive points close to the centerline
(inner one-third)

Rules for Detecting 

Special Causes on 

Shewhart Charts

Sources: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. 2nd Edition, Jones and Bartlett Learning, 2019:119-225

Provost, L. and S Murray. The Health Care Data Guide, Jossey Bass, 2011: 116-121.

Rule #1

Rule #2

Rule #3

Rule #4

Rule #5
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UCL

LCL

X  (CL)

M
e
a
s
u

re
 

Time

Zone B

Zone A

Zone C

Zone C

Zone B

Zone A

+3 SL

+1 SL

+2 SL

-1 SL

-2 SL

-3 SL

Rule #4

2 out of 3 successive points in Zone A or 

beyond can take on various patterns

This test reveals too much data bunching in the extremes of the 

data (i.e., the tails of a static distribution of the data).
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Rule #5

15 consecutive points in Zone C on 

either side of the centerline

This test reveals too 

much data bunching in 

the center of the chart 

which is also an 

abnormal data pattern. 

It exceeds probability 

estimates of how much 

data should be in the 

center of a distribution.  

It is referred to as 

ñhugging the centerline.ò



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 or more 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 ñhugging the centerlineò

Notes on the five

Special Cause Rules for Shewhart Charts
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Finding

Special Causes

For each of the following charts, 

determine if there is one or more of the 

Special Cause Rules present.
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Is there a Special Cause on this chart?
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Special Cause: Point Outside the UCL A 3-sigma violation

Is there a Special Cause on this chart?
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PERCENT PATIENTS C/O CHEST PAIN SEEN BY 

CARDIOLOGIST WITHIN 10 MINUTES OF ARRIVAL TO ED

EXAMPLE CHART
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XYZ Medical Center
P erformance  Improvement  Report

March 25, 2004

Fic t it ious da t a  for educa t iona l purposes

Target Goal / Desired Direction:

INCREASE in the PERCENT of patients c/o chest 

pain seen by cardiologist within 10 minutes of 

arrival to Emergency Department. 

Interpretation:  Current performance shows 

(desirable) upward trend.

p-chart, possible range 0-100%

75

Are there  special causes on this chart?

Special Cause: 

Upward Trend*

*Remember that 6 or more 

consecutive points steadily 

increasing or decreasing 

defines a trend.
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Interpretation:  Current performance shows 

(desirable) upward trend.

p-chart, possible range 0-100%
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Are there  special causes on this chart?

Special Cause: 

Upward Trend*

*Remember that 6 or more 

consecutive points steadily 

increasing or decreasing 

defines a trend.
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Number of Patient Complaints by Month
(c-chart)

Are there any special causes present?  If so, what are they?
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There Are 5 Basic Control Charts  

Variables Charts Attributes Charts

Åp-chart
(the proportion or percent 
of defectives)

Åc-chart
(the number of defects)

Åu-chart
(defect rate, e.g., falls per  

1000 patient days)

ÅX & S chart 
(Average & SD chart)

ÅXmR chart 
(Individual & moving 
range chart)

Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. Jones and Bartlett, 2019, Chap.9.

Note that there are MANY

more Shewhart charts than 

just these 5 basic ones. New 

ones are developed each year!
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SPC
Sphere of 

Knowledge

I know the right 

chart has to be 

hiding in here 

somewhere!

But how do we 

know which one is 

the right one?



XmR chart

u-chart

c-chart

X bar S 

chart

p-chart

You must decide which 

Shewhart chart is most 

appropriate for your data!
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The starting point is to decide what 

type of data you have collected!

Variables (Continuous) Data

Attributes Data

Defects 

(counts)
(occurrences only)

Defectives 

(classification)

(occurrences plus non-
occurrences)

Nonconforming Units
Nonconformities
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The starting point is to decide what 

type of data you have collected!

Variables (Continuous) Data

Attributes Data

Defects 

(counts)
(occurrences only)

Defectives 

(classification)

(occurrences plus non-
occurrences)

Nonconforming Units
Nonconformities



Shewhart Charts for Variables Data

üVariables Data (continuous, measurement data): 

ÁQuantitative data in the form of measurement, 

requires a measurement scale of some sort.

ÁIncludes time, money, physical measures, such 

as height, weight , blood pressure, mg etc. 

ÁThroughput (productivity or workload even if 

counted rather than measured in tme).

ÁCan be whole numbers, fractions or decimals.

HCDG Page 152

85
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Now letôs look at Attributes Data!

Variables (Continuous) Data

Attributes Data

Defects 

(counts)
(occurrences only)

Defectives 

(classification)

(occurrences plus non-
occurrences)

Nonconforming Units
Nonconformities
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Defectives & Defects

ÅDefectives (classification)ïthere are only two 

outcomes here.  An item or event is either ñokò or 

ñnot ok,ò yes or no, high or low, etc.(a binomial 

condition).

ÅDefects (count)ïyou look at something that is 

ñnot okò (i.e., defective classification) and count 

how many specific things make the item or event 

not ok.  The count is a whole number (no 

fractions or decimals)



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.

Åharm/no harm

Åconforming/not conforming                 

Ågo/no-go

Åpass/fail

Ågood/bad

ÅOK/not OK

ÅOn/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.

Ånumber of defects

Ånumber of mistakes

Ånumber of accidents

Attribute Data

(Classification & Count data)
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OK? 

If Yes, then the car is fit 

to be shipped  out!

Not OK? 

If No, then the car is classified

as being  ñdefectiveò but we do 

not know why it is defective (not 

fit to be shipped) until we 

inspect it and count the number 

of specific ñdefectsò that make 

the car ñnot OKò or defective.
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1 Defective car with 3 Defects

1st defect = 

interior lights 

donôt work

3rd defect = 

rear left 

door does 

not fit flush 

with the 

body

2nd defect = 

rear support 

strut is 

loose



OK? 

If Yes, then the order is ready to 

be filled and sent to the floor for 

administration.

OK? 

If No, then the order is classified as 

being  ñdefectiveò but we do not 

know why it is defective until we 

inspect it and count the number of 

specific ñdefectsò that make the 

order ñnot OKò or defective.

Medication 

Order

Thinking about

Defectives & Defects in Healthcare



1st defect = 

wrong patient

3rd defect =

wrong status

(STAT v Routine)

2nd defect = 

wrong dose

1 Defective order 

with 3 Defects



You Make the Call!

Measure

Defective 

(classification)

Defect 

(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

Is the measure a defective (classification) or a defect (count)?



You Make the Call!

Measure

Defective 

(classification)

Defect 

(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 of arrival in ER X

4. Percent of deaths each month X

5. Number of surgical complications per 1000 

surgeries performed

X

6. Proportion of pneumonia patients who get 

antibiotics appropriately at time of admission X

7. Number of falls per 1000 patient days X

8. Number of medication errors per 10,000 doses 

dispensed

X

Is the measure a defective (classification) or a defect (count)?



XmR chart

u-chart

c-chart

X bar S 

chart

p-chart

OK, I get the Variables and 

Attributes Data thing, but which 

of these charts do I select?
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Variables (Continuous) Data

Attributes Data

Defects 

(counts)
(occurrences only)

Defectives 

(classification)

(occurrences plus non-
occurrences)

Nonconforming Units
Nonconformities

The choice of chart depends on 

the type of data



There Are 5 Basic Control Charts*  

Variables Charts Attributes Charts

Åp-chart
(the proportion or percent 
of defectives)

Åc-chart
(the number of defects)

Åu-chart
(defect rate, e.g., falls per  

1000 patient days)

ÅX & S chart 
(Average & SD chart)

ÅXmR chart 
(Individual & moving 
range chart)

Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. Jones and Bartlett, 2019, Chap.9.

*Note, however, that there 

are MANY more Shewhart 

charts than just these 5 basic 

ones. New ones are 

developed each year!
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Then, you can use the Control Chart Decision Tree to 

decide which chart is most appropriate for your data.

Variables Data Attributes Data

More than 

one 

observation 

per 

subgroup?

X bar & S
XmR

Is there an equal 

area of 

opportunity?

Occurrences & 

Non-

occurrences?

p-chartu-chartc-chart

Decide on the type 

of data

Yes

Yes

Yes

No

No

The percent  of  

Defective Units

The number 

of  Defects
The Defect 

Rate

Individual 

Measurement

Average and 

Standard 

Deviation

No

Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. 2nd edition, Jones and Bartlett Learning, 2019: 231.
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Variables (Continuous) Data

Attributes Data

Defects 

(counts)
(occurrences only)

Defectives 

(classification)

(occurrences plus non-
occurrences)

Nonconforming Units
Nonconformities

Letôs start with the

Variables Charts!



The Control Chart Decision Tree

Variables Data Attributes Data

More than 

one 

observation 

per 

subgroup?

X bar & S
XmR

Is there an 

equal area of 

opportunity?

Occurrences & 

Non-

occurrences?

p-chartu-chartc-chart

Decide on the type 

of data

Yes

Yes

Yes

No

No

The percent  of  

Defective Units

The number 

of  Defects
The Defect 

Rate

Individual 

Measurement

Average and 

Standard 

Deviation

No

You get 2 charts with these! 

Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. 2nd edition, Jones and Bartlett Learning, 2019: 231.
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Key Terms for Variables Charts Selection

Subgroup

How you organize you data 

(e.g., by day, week or month)

The label of your  horizontal 

axis (X 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

(Y 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

31
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ÁFor measurement (variables) data

ÁA pair of charts

ÁSubgroup size can be equal or unequal

ÁEach dot on an X bar S chart is the average of 

multiple pieces of data

ïThe X bar chart graphs the average from subgroup 

to subgroup

ïThe S chart graphs the variation around that average 

(the standard deviation within the subgroup) 

102

The X bar S Chart

102
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103What does the X bar S chart look like?

One subgroup shows a special cause compared to the rest of the system



Data for Individuals chart (XmR) 

Variables data

Each data point is a single piece of data

ÅCost for each hip replacement

ÅSatisfaction score for each patient

ÅTotal dollars income each month

ÅTest score for each student

ÅTotal patients seen each week

Exceptions to the rule:

ÅHuge aggregated variables data 

o average length of stay for our 12,000 patients admitted each month

o average wait time to see the doctor each day for a sample of 15 

patients  each day.  

ÅAveraged data for which we cannot get the numerator and denominator

o I chart is fallback for thisé.

10

4

HDG Page 153-154
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X Chart

(Individual 

Values)

Moving 

Range 

(mR) Chart 

What does an XmR chart look like?



Making an I (XmR) Chart

×The moving range (mR) is the difference between two  

consecutive data values.  The mR is the statistic used to 

determine the common cause variation for an I chart. 

×Rationale for using MR to determine the process variation 

for the I chart is that pairs of consecutive measurements

are more likely to be affected by similar causes than are 

results at other points in time. 

×Limits should be established on the basis of common cause 

variation only. 

106

Remember that an XmR chart gives you 2 charts!
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On the X bar S chart the ñdoinkò on the chart is made up 

of a series of ñdoinkettesò (i.e., in this case 8 bits of 

data). With multiple data points you can calculate 

statistics (e.g., the mean and the standard deviation)

XmR chart

X bar S chart

The key 

difference 

between an XmR 

and X bar S 

chart.

On the XmR chart, the ñdoinkò 

on the chart is a single 

observation (i.e., 1 bit of data). 

You cannot calculate any 

statistics on a single data point. 



Measure Subgroup

XmR

( I chart)

X bar & S 

chart

1. Time to clean an inpatient room (in minutes)

2. Patient satisfaction scores for a sample of 15 

outpatients collected every 2 weeks

3. Average turnaround time for all STAT labs done each 

day and stratified by shift

4. Cost for each normal delivery

5. A diabetic patientôs 3x a day blood sugar readings

6. Average length of stay for a sample of 20 ICU patients 

pulled each month

7. The distance (in feet) that a sample of 10 knee 

replacement patients can walk in 15 seconds

8. You record the total number of COVID-19 tests 

performed each day.

9. You are interested in the average time patients spend 

in your waiting area, so every day you randomly select 

5 patients and measure their actual waiting time in 

whole minutes.

You Make the Call!

Is it an XmR (I) or X bar & S?



Measure Subgroup

XmR

( I chart)

X bar & S 

chart

1. Time to clean an inpatient room (in minutes) A patient room X

2. Patient satisfaction scores for a sample of 15 

outpatients collected every 2 weeks 2 weeks X

3. Average turnaround time for all STAT labs done each 

day and stratified by shift Day X

4. Cost for each normal delivery Each delivery X

5. A diabetic patientôs 3x a day blood sugar readingsDay X

6. Average length of stay for a sample of 20 ICU patients 

pulled each month Month X

7. The distance (in feet) that a sample of 10 knee 

replacement patients can walk in 15 seconds

Sample of 10 

patients X

8. You record the total number of COVID-19 tests 

performed each day.

Day X

9. You are interested in the average time patients spend 

in your waiting area, so every day you randomly select 

5 patients and measure their actual waiting time in 

whole minutes.

Day X

You Make the Call!

Is it an XmR (I) or X bar & S?



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.

Á Actual turnaround time for 5 lab tests 

or 3 pharmacy orders each day

Á Blood pressure readings   (e.g., 3 per 

day)

Á Diabetes monitoring (mg/dl)

Á Anesthesia time for selected procedures

Å 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,  ñHow 

many surgeries did we do this week?ò 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, ñHow many?ò

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.

Á Patient wait time to see the physician or 

to be seen in the ED

Á The number of days to mail a patient 

bill after discharge

Á The number of calls coming into a 

clinic each day

Á Average length of stay by week for a 

particular DRG

Á The number of surgeries done each 

week

Á Operating margin by month

Á Pounds of laundry each day

Á Average turnaround time by day 

Á The number of food trays produced 

Summary Table for XmR and X bar & S charts   
Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. 2nd edition, Jones and Bartlett Learning, 2019.
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Now, letôs look at Attributes Charts!

Variables (Continuous) Data

Attributes Data

Defects 

(counts)
(occurrences only)

Defectives 

(classification)

(occurrences plus non-
occurrences)

Nonconforming Units
Nonconformities
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Key Terms for Attributes Charts Selection

Subgroup

How you organize you data 

(e.g., by day, week or 

month)

The label of your  horizontal 

axis (X 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 (Y 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



The Control Chart Decision Tree

Variables Data Attributes Data

More than 

one 

observation 

per 

subgroup?

X bar & S
XmR

Is there an 

equal area of 

opportunity?

Occurrences & 

Non-

occurrences?

p-chartu-chartc-chart

Decide on the type 

of data

Yes

Yes

Yes

No

No

The percent  of  

Defective Units

The number 

of  Defects
The Defect 

Rate

Individual 

Measurement

Average and 

Standard 

Deviation

No

You get only 1 chart with these! 

Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. 2nd edition, Jones and Bartlett Learning, 2019: 231.



C Charts
(Poisson Distribution)

üWhen actual counts rather than classification of units are made, 

either a C chart or a U chart is used.

ü The primary assumptions required to use a C chart are:

Á The incidences being counted are discrete, when counted they are a whole 

number 

Á An incidence at any one place or time is independent of any other incidence.

Á The region (area of opportunity), which determines the sub-grouping for the count, 

is well defined and is constant for each subgroup.

Á The chance of an incidence at any one place or time is small.

Á It is possible, even if unlikely, for the numerator to exceed the denominator (can 

have more than 50 errors in 50 medical charts inspected)
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HC Data Guide page 175
Sources: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. 2nd Edition, Jones and Bartlett Learning, 2019:240-241.

Provost, L. and S Murray. The Health Care Data Guide, Jossey Bass, 2011: 175



C Chart

Subgroup size is  same (i.e., considered equal) when each 
subgroup is within + or ï25% of average subgroup size. 

This may allow us to compare months using raw data.
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Sources: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. 2nd Edition, Jones and Bartlett Learning, 2019:240-241.

Provost, L. and S Murray. The Health Care Data Guide, Jossey Bass, 2011: 178



U Chart
(Poisson Distribution)

ü U chart is used if the area of opportunity varies for each group of counts

ü The primary assumptions required to use a U chart are:

Á The incidences being counted are discrete, when counted they are a 

whole number 

Á An incidence at any one place or time is independent of any other 

incidence.

Á The region (area of opportunity), which determines the sub-grouping for 

the count, is well defined and may vary or be constant for each 

subgroup.

Á The chance of an incidence at any one place or time is small.

Á It is possible, even if unlikely, for the numerator to exceed the denominator 

(can have more than 50 errors in 50 medical charts inspected)
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Sources: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. 2nd Edition, Jones and Bartlett Learning, 2019: 241-242.

Provost, L. and S Murray. The Health Care Data Guide, Jossey Bass, 2011: 178



Example of a u -chart for a rate 117

HC Data Guide page 179



What does a p -chart look like?
P

er
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nt

Percent Of Patients Harmed

UCL = 74.27

Mean = 41.25

LCL = 8.23

Pt. Safety Team Formed

Med. Safety Work Started

Periop Safety Work Start

Reducing Pt. Falls Initiative Started

Decub Ulcer Reduction

Med Safety Spread

Periop.& Fall Spread
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Equal Subgroup Size

Unequal Subgroup Size

The p -chart is based on the Binomial distribution



Break Time!
Please take 
the next 30 

minutes for a 
break and 

prayer.

See you back 
here shortly.



Measure Subgroup

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. The volume of outpatients varies each week by 

only 3-4 patients.

8. You are interested in tracking the number of COVID-19 deaths by day.

9. You know the number of people who come to the ED complaining of 

chest pain and the number who are diagnosed with an AMI or 

unstable angina.

You Make the Call!

Is it a p, c or u-chart?



Measure Subgroup

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 Week X

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

1000 urinary catheter days Week X

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
Month X

4. An analyst pulls a sample of 50 orthopedic surgery charts each week 

and counts all discrepancies from standard documentation practice
Week X

5. Each medication order is checked against five potential types of 

errors. You also have the total number of orders placed each week
Week X

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.
Day X

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

recorded each week. The volume of outpatients varies each week by 

only 3-4 patients.
Week X

8. You are interested in tracking the number of COVID-19 deaths by day. Day X

9. You know the number of people who come to the ED complaining of 

chest pain and the number who are diagnosed with an AMI or 

unstable angina.

Unknown

(Week?

Month?)

X
(if you have 

a subgroup)

You Make the Call!

Is it a p, c or u-chart?



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).

Á Percent of c-sections

Á Percent of late food tray

Á Percent of incomplete charts

Á Percent of late surgery starts

Á Percent of bills that are inaccurate

Á Percent mortality

Á Percent RN turnover

Á Percent of patients responding ñVery 

Goodò 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 ñrare events.ò

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.

Á The number of falls

Á The number of restraints

Á The number of needle sticks

Á The number of law suits filed

Á The number of ventilator associated 

pneumonias

Á The number of nosocomialinfections

Á The number of medication errors

Á The number of returns to surgery

Summary Table for p, c and u-charts
Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. 2nd edition, Jones and Bartlett Learning, 2019.



Type of

Control Chart

Type of Data

and data collection issues

Examples of Indicators 

used on this type of chart 

u-chart

The u-chart is used to track defects when the 

area of opportunity is not equal. For this 

reason, the u-chart is use more often in 

healthcare than the c-chart. This chart is 

based on rates rather than simple counts.

Attributes data

The Poisson distribution is also used as the frame 

of reference for this chart. The u-chart presents 

rates (e.g., so many falls per 1000 patient days). 

Knowledge of how to collect data to form rates is 

essential. 

Á Medication errors per 100 admissions

Á Ventilator associated pneumonias per 

1000 vent days

Á Total falls per 1000 patient days

Á Total readmits per 1000 discharges

POINT:  Be clear on the type of chart, the type of 

data and the indicator you plan to place on a 

Control Chart!

Summary Table for p, c and u-charts
Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. 2nd edition, Jones and Bartlett Learning, 2019.
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Type of Chart Medication Production Analysis

X bar & S Chart TAT for a daily sample of 25 medication 

orders

Individuals Chart

(XmR)

The number of medication orders processed 

each week

C-Chart

Using a sample of 100 medication orders each 

week, we count the errors (defects) on each 

order

U-Chart

Out of all medication orders each week, we 

calculate the number of errors (defects) per 

10k orders

P-Chart

For all medication orders each week, we 

calculate the percentage that have 1 or more 

errors (i.e., are defective)

The choice of a control chart depends 

on the measure you have defined!
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Advanced Shewhart Charts 

for Special Situations

Source: Provost, L. and S Murray. The Health Care Data Guide, Jossey Bass, 2011
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Other types of control charts for count/classification data:

ÁNP Chart (alternative for classification data)

ÁT Chart [time between rare events]

ÁG Chart [cases between rare events) 

ÁPô and Uô Charts

ÁCumulative sum (CUSUM) Chart

ÁStandardized Control Chart

Other types of control charts for continuous data:
ÁXbar and range Chart
ÁMoving average Chart
ÁMedian and range Chart
ÁCumulative sum (CUSUM) Chart
ÁExponentially weighted moving average (EWMA)
ÁStandardized Control Chart

The Control Chart Decision Tree

Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. 2nd Edition, Jones and Bartlett, 2017:231.  



t and g Charts 
(Shewhart Charts for Rare Events)



What is a

Rare Event?
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Why display cases or time 

between events? 

ÅWhen events are relatively rare the monthly 

statistic is a very small number -- or frequently 

zero (this makes it harder to detect patterns of 

change). 

ÅOr, when there is not sufficient volume to make a 

proper chart (e.g., Shetlands, Western Isles and 

Orkney in Scotland).

ÅOne useful approach is to track and display ñtime 

betweenò or ñcases betweenò events.



How Do You Know You Are Working with ñRareò Data? 

ÅHave too many zeros (>25% of data points 0)

ÅHave no lower limit
Percent C-Sections
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When Will This Happen?
Classification Data: Guidelines for Selecting Subgroup Size for an Effective P chart

Average Percent

Nonconforming 

Units (pbar)

Minimum Subgroup Size 
(n) Required to Have 

< 25% zero for p's

Minimum Subgroup Size 

Guideline

(n>300/pbar)

Minimum Subgroup 

Size Required to Have 

LCL > 0

0.1 1400 3000 9000

0.5 280 600 1800

1.0 140 300 900

1.5 93 200 600

2 70 150 450

3 47 100 300

4 35 75 220

5 28 60 175

6 24 50 130

8 17 38 104

10 14 30 81

12 12 25 66

15 9 20 51

20 7 15 36

25 5 12 28

30 4 10 22

40 3 8 14

50 2 6 10

Note: for p>50, use 100-p to enter the table (e.g., for p=70% use table p of 30%, for p=99% use table p of 1%, etc.) 

Source: The Health Care Data Guide: L Provost and S. Murray, Jossey-Bass, 2011.  DG 164



Community General Hospital
Rate of occurrence of hospital-acquired MRSA infections

Is this team improving its infection rate?

What is the problem? How could you fix it?

© Richard Scoville & I.H.I.

Measuring Infrequent or Rare Events



Measuring Infrequent or Rare Events

Rate of occurrentce of MRSA BSI and HAP per 1000 patient days

0.00

0.50

1.00

1.50

2.00

2.50

Sept Oct Nov Dec Jan

When events 

are infrequent, 

itôs hard to see 

whether our 

work is having 

the intended 

result.



Plotting the 

number of days 

since the prior 

event shows that 

infections are 

becoming 

steadily less 

frequent.

15 days since last event (today 1/31/2008)

Note ïfrequency 

of cases should 

be relatively 

constant!

© Richard Scoville

Measuring Infrequent or Rare Events
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When Will This Happen?

For Count Data (C or U chart)
ÅFor a C Chart

Å if  center line is less than 9 there will be no lower limit

Å if center line is less than 1.4 the chart will have too many 0ôs.

ÅFor a U Chart

ÅSightly more complicated calculations!  

What Can We Do?

ü Increase subgroup size



Combine Subgroups to get a bigger subgroup  size: month to quarters
Aggregate Level: Total C-Section Rate By Quarter
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ñTime & Cases Betweenò

Occurrences of Rare Events

Instead of plotting the 

number of incidences 

each month, plot the 

time or number of 

cases, patients, visits, 

etc., between 

incidences. 

Cases Between an Event
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When an event occurs, 

you start counting again.

Plot the total 

amount of time that 

has gone by or the 

number of 

successful cases

before an event 

occurred.

(c-chart)



t-Chart for Time Between Rare Occurrences
Alternative to c-chart, or u-chart for count or classification data when the 

measure is the time (continuous variable) between the incident or non-
conformity of interest.

This chart allows each non-conformity or non-confirming unit to be evaluated rather than 
having to wait to the end of a time period before the data is plotted. If the rate of 
occurrence can be modeled by the Poisson distribution, then the times between 
occurrences will be exponentially distributed. The exponential distribution is highly skewed, 
so plotting the times would result in a control chart that is difficult to interpret. The 
exponential can be transformed to a symmetric Weibull distribution by raising the time 
measure to the 1/3.6 = 0.2777 power or 

[y = t 0.2777]. 

Calculation of control limits:
t = time between incidences, y = transformed time

MRô = average moving range of yôs

ǀ= average of yôs (center line)
UL = ǀ+ 2.66 * MRô 
LL =  ǀ- 2.66 * MRô

Transform the limits back to time scale before plotting chart: t = y3.6

Notes: 1. Conduct the usual screening of MRôs to calculate the average moving range.

2. Need to be careful about 0ôs in the data (try to increase precision (hrs vs. days) 
when near zero.

3. LL < 0, there is no LL for this measure

4. Do not make trial limits. Use 20 data points or more for limits.
DG 230



Page 234

Example of t-chart showing improvement in the incidents of retained 

foreign objects during procedures

Baseline Average = 20.9 days without a 

retained foreign object in surgery

New Process Average = 84.8 days without a 

retained foreign object in surgery

Change made here



Amar:  T Chart
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Days between incidents of physical violence across all 3 testing wards
t-chart
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Courtesy of Dr Amar Shah
IA Faculty at ELFT

What do you conclude from these charts?
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Original X Chart for ñTime Between Fallsò 
(Chris.Mccarthy@kp.org)

NKE = Nurse Knowledge Exchange?
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X-Chart from Transformed Falls Data
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t-chart for Falls Data

Time Between Control Chart for Falls
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g-chart for Cases Between Events
Å Alternative to p-chart, c-chart, or u-chart for count or classification data when 

the measure is the number of cases between the incident or non-conformity of 
interest.

Å This chart allows each occurrence to be evaluated rather than having to wait 
to the end of a time period before the data is plotted. The g chart is also 
particularly useful for verifying improvements (such as reduced SSIs) and for 
processes with low rates. 

Å The number of units (surgeries, insertions, admissions, etc.) between an 
incidence can often be modeled by the geometric distribution.

Calculation of control limits:

g = number units (cases) between incidences
gbar= average of gôs 

center line= 0.693 * gbar

UCL = gbar + 3[gbar * (gbar+1)]1/2

LCL =  gbar - 3[gbar * (gbar +1)]1/2

Notes: 1. The UCL is approximately 4x the CL (for quick visual analysis) 

2. If LCL < 0, there is no LCL for this measure

3. Uses  theoretical median for centerline to get data symmetric around CL 
for run rules 

HCDG 228
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Comparison

Of u-chart 

and g-chart 

for 

infections in 

the ICU

g-chart

u-chart



Percentage of infants who are normothermic
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Number of babies between hypothermic admission
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Source: Benneyan,  J, Lloyd, R and Plsek, P. Qual Saf Health Care 2003;12:458-464

An initial intervention suggested by the team is to test a change in the postoperative wound cleaning protocol. As shown in fig 3 , however, 

this change does not appear to have had any impact on reducing the infection rate. Although this intervention did not result in an 

improvement, the control chart was useful to help prevent the team from investing further time and resources in training staff and 

implementing an ineffective change throughout the hospital. 

Working initially with a few willing surgeons and nurses, they developed a new shave preparation protocol and used it for several months. 

The control chart in fig 3 indicates that this change resulted in an improvement with the SSI rate reducing from approximately 2.1% to 

0.9%. (For this type of chart the mean SSI rate is the reciprocal of the centre line: 1/47 = 2.1% compared with 1/111 = 0.9%.) Note that on 

this type of chart data plotted above the UCL indicate an improvement, as an increase in the number of surgeries between SSIs equates to 

a decrease in the SSI rate.

A g type of control chart 

(based on the geometric 

distribution) for one type of 

surgery is shown in fig 3 . 

Instead of aggregating SSIs 

in order to calculate an 

infection rate over a week or 

month, the g chart is based 

on a plot of the number of 

surgeries between 

occurrences of infection.

G-Chart 

Example

g-chart: No. of Surgeries Between SSI
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Rememberé

Ç Both the t charts and g charts can use all 

5 rules for detecting special cause.

ÇThis is why g-chart uses the theoretical 

median as center line.
Cases Between an Event
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Over Dispersion: Prime Charts

üSometimes Shewhart charts look weird!

üThis can happen when subgroup sizes are  large

ÁLimits on charts for attribute data impacted by    

subgroup size

ÁLarger subgroup size means tighter limits

ÁMay be an issue when the subgroup is > 

3000

üWe have an alternative: Prime charts(Pô and Uô)

DG Page 270
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Other types of control charts for count/classification data:

ÁNP Chart (alternative for classification data)

ÁT Chart [time between rare events]

ÁG Chart [cases between rare events) 

ÁPô and Uô Charts

ÁCumulative sum (CUSUM) Chart

ÁStandardized Control Chart

Other types of control charts for continuous data:
ÁXbar and range Chart
ÁMoving average Chart
ÁMedian and range Chart
ÁCumulative sum (CUSUM) Chart
ÁExponentially weighted moving average (EWMA)
ÁStandardized Control Chart

The Control Chart Decision Tree

Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. 2nd Edition, Jones and Bartlett, 2017:231.  
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Attribute Data with Very Large Subgroup Sizes

Why might this happen when subgroups size is large? 



 
P Chart Calculation Form  
(constant subgroup size) 

 
d- Noncomforming Sample Units per Subgroup 
n- Number of Sample Units per Subgroup 
k- Number of Subgroups 
p- Percent Nonconforming Units = 100 * d/n  
 
CONTROL LIMITS WHEN SUBGROUP SIZE (N)  IS CONSTANT 

 

 p=   × p  =        ______________          =  _______________________                             
       k    
              
     ůp =        p   *   (100   ï   p)       =                 *   (100   ï      )          =  ____________                 
              n     n 
 

                                          ^                                                                  ^  
     UL=  p    + (   3       *           )                      LL=  p      +   (  3     *  ůp       )   =                              
        
 
     UL=  ______ + (  3     * ______  )               LL=  ______ - (     3   *     ______  )                        
 
 
     UL= _______ + _______      LL= _______ - _______ 
 
     UL=   _____________     LL= _______________ 
 
 

^ 

ã    ã    

ůp 
^ 

Calculating Limits for a P chart

DG 197
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Alternative to the P chart:  The Pô



Letôs Practice: What is wrong with this chart?*
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*The lower a person's ANC is, the higher the risk is of getting an infection. Having an ANC of 

less than 500 means there is a high risk of getting an infection. Cancer treatment, such as 

chemotherapy, may reduce the ANC. Also called absolute neutrophil count.



Pô:  Percent ANC 
P'-  Percent of ANC Tested
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Uô Chart for 

Medications Errors

U Chart for Medications Errors
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U' Chart for Medications Errors
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Data obtained from a screening 
of computer order entry of 
prescriptions in the hospitals for 
one month. 

Subgroup sizes (number of 
prescription entries for the 
month) ranges from 4,467 to 
27,203.

Hospitals on the u-chart from 
the smallest to largest 
denominator (e.g., funnel plot 
format). 

The points for one-half of the 
hospitals were outside the limits 
on the u-chart.

Based on conversation with the 
subject matter experts (and the 
very large subgroup sizes), the 
quality analyst created the uô.

*Hospitals rationally ordered from smallest to largest

*

*
HCDG 272



Guidance for Attribute Charts

Å Donôt consider the adjustment unless the subgroup sizes are 
very large (2000-3000 or more).

Å First develop the appropriate chart (p, c or u chart). 

Å If the limits ñappear too tight ò and very large subgroup 
sizes are involved:

1. Look for ways to further stratify the data

Å Monthly into weekly or daily subgroups
Å Organization data into department subgroups
Å Overall clinic data subgrouped by clinician

2. If you still end up with large subgroup sizes and a chart that is 
full of special causes, spend time with the subject matter expert 
trying to identify and understand the special causes. 

3. If you are not able to learn from the special causes, then 
constructed a modified attribute chart (Pô or Uô ).



Cautions in using the pô and uô charts

1. Donôt consider the adjustment unless the subgroup 
sizes are very large.

2. In cases where average subgroup sizes are very 
large (>3000), first try using different subgrouping 
strategies to the stratify the data into smaller 
rational subgroups.

3. Spend time with subject matter experts trying to 
understand and learn from the initial indications of 
special causes on the attribute chart before 
considering the modification to these charts.



Use Standard Rules Determining a Special 

Cause with Prime Charts

OK



Rare Charts Resources
Å The Health Care Data Guide. Provost and Murray, 2011 Jossey Bass, 

Chapter 7.

Å Jackson, J. E. , ñAll Count Distributions are not Alikeò, Journal of Quality 

Technology, Vol 4 (2), pp 86-92, 1972.

Å Yang, S., et al, ñOn the Performance of Geometric Charts with Estimated 

Control Limitsò Journal of Quality Technology, Vol 34, No.4, pp 448-458, 

October, 2002.

Å Wall, R., et al, ñUsing real time process measurements to reduce catheter 

related bloodstream infections in the ICU, Qual. Saf. Health Care 2005;14;pp. 

295-302.

Å Nelson, L., ñA Control Chart for Parts-Per-Million Nonconforming Itemsò, 

Journal of Quality Technology, Vol 26, No. 3, pp. 239-240, July, 1994.

Å Kaminsky FC, Benneyan JC, Davis RB, and Burke RJ (1992): "Statistical 

Control Charts Based on a Geometric Distribution", Journal of Quality 

Technology 24(2):63-69.

Å Benneyan, JC, Lloyd, RC and Plsek, PE. ñStatistical process control as a tool 

for research and healthcare improvementò, Quality and Safety in Health Care

12:458-464.



Exercise

Which control chart is most appropriate

for your measures?

ÅIt is now your turn to decide which control chart is most appropriate 

for yourmeasures (notice the emphasis on ñmost appropriateò)

ÅUse the worksheet on the next page to:

ƄName each of your measures (e.g., wait time to see the doctor or 

percent of accurate med reconciliation forms)

ƄIndicate if the measures is an outcome, process or balancing 

measure

ƄIdentify the Subgroup for each measure

ƄDecide if you are collecting Attributes or Variables data

ƄFinally, indicate which Shewhart chart Is most appropriate for each 

measure.

166



Selecting the most appropriate chart

for your measures

Measure Name

Outcome (O)

Process (P)

Balancing (B)

What is the 

Subgroup?

Type of 

Data?

Chart of 

Choice?

V or A

V or A

V or A

V or A

V or A



Building Shewhart Chart 

Skills through Practice 

and Teach-back!



© 2021 Institute for Healthcare Improvement/R. Lloyd

Variables Data Attributes Data

More than 

one 

observation 

per 

subgroup?

X bar & S
XmR

Is there an equal 

area of 

opportunity?

Occurrences & 

Non-

occurrences?

p-chartu-chartc-chart

Decide on the type 

of data

Yes

Yes

Yes

No

No

The percent  of  

Defective Units

The number 

of  Defects
The Defect 

Rate

Individual 

Measurement

Average and 

Standard 

Deviation

No

Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. 2nd edition, Jones and Bartlett Learning, 2019: 231.

The Control Chart Decision Tree



Case Studies & Work Groups

170

1. Using a Control Chart to Analyze Primary C-sections

2. Patient Falls on Med/Surg Nursing Units

3. Chronic Obstructive Pulmonary Disease (COPD) Admissions

4. CBC Turnaround Time in the A&E  Department

5. ICU admission time for open heart surgery patients

GROUP 1

Case Studies 1-2

Group 3

Case Study 5

GROUP 2

Case Studies 3-4
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1. Using a Control Chart to Analyze Primary C-sections

2. Patient Falls on Med/Surg Nursing Units

GROUP 1

Case Studies 1-2

Case Studies & Work Groups



ÁHow would you classify C-section data? Is it variables or  attributes data? 

ÁWhat type of chart should be constructed for C-section data? 

ÁDo you agree with those on the QA Committee who maintain that there has been a shift 

in the process? 

ÁWhat would you predict the average C-section percentage to be in the future, if no 

changes are made in current obstetric practices? 

ÁHow is the hospital doing compared to the goal?

ÁWhy do the control limits on the chart look like stair-steps? The control limits on other 

charts have all been straight lines. Is there a problem with the computer software? 

Group #1 Case Study #1

Using a Control Chart to Analyze Primary C-sections
Study Questions



Data & Study Questions



ÁAre patient falls to be considered attributes or variables data? 

ÁWhat is the appropriate chart for displaying rate-based measures? 

ÁWhat was the baseline falls rate and what was the new falls rate?

ÁWhat would you have predicted after December 2002 regarding the 

number of patient falls if nothing had been done to improve this 

process? 

ÁWas the prevention program effective? How do you know?

ÁWhy are there two different sets of control limits on the chart? 

ÁWhat new information is provided by the second chart on the right side 

of the graph?

ÁIf your team continues its efforts, how will you know whether these 

future efforts can be judged as successful?

Group #1 Case Study #2

Patient Falls on Med/Surg Nursing Units 
Study Questions



Data & Study Questions
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Tests performed with unequal sample sizes

P Char t  of  %  medical  admissions w i th  COPD main diagnosis

Á Why does this chart not have straight control limits?

Á What do you conclude about this chart?

Á Do you see any special causes?

Á Do you see any patterns in the data?

Á If you do detect patterns in the data, what could be causing them?  How could you revise 

this chart?  (Hint: think about the clinical diagnosis of COPD.)

Group #2 Case Study #3: COPD Admissions

COPD = Chronic Obstructive Pulmonary Disease 

P-chart of % medical admissions with COPD as the main diagnosis stratified by severity stage
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Group #2 Case Study #4

CBC Laboratory TAT

The Situation

Ever since you moved your lab to a new location in the hospital, several A&E physicians have been 

complaining about the turn-around-time (TAT) for complete blood counts (CBCs).  They feel that the TATs 

have been constantly increasing for these tests and several of them have even contend that the process for 

obtaining lab test results is "out of control"!  

Since you have not heard these complaints from all the A&E physicians, you decide to see whether the 

perceptions of those who are not satisfied with the process are valid.  You decide to do this by developing a 

control chart on the CBC turn-around-time process. 

The first thing you do is discuss the issue with your staff.  You decide that the best thing to do is to 

understand the variation in the current process and see whether the concerns of the A&E physicians are 

justified.  The development of a data collection plan is your next step.  You decide that a judgmental sample 

of 3 CBCs each day should be sufficient.  The data are collected for 24 consecutive days, but you decide to 

exclude weekend data because the lab follows a different process on weekends.  The average TAT is 

calculated for each day.

Turn-around-time for a CBC is defined as the number of whole minutes elapsed from the time the A&E 

physician writes the order until the result is entered into the computer in the lab.  Since the A&E ties directly 

into the same computer, there is no need to send a hard copy of the results back to the A&E.  The test is 

"completed", therefore, when the result is entered into the lab computer terminal.  Figure 1 presents the 

data on a Shewhart chart developed by one of your staff members.

Source: R. Carey & R. Lloyd, Measuring Quality Improvement in Healthcare: A Guide to Statistical  Process Control Applications. ASQ Press, Milwaukee, 

2001: page103-110.



Case Study #4 Questions

ÁThe control chart selected for these data 

was the XmR chart.  Was this decision 

correct?  If you think this is the correct 

chart, what factors led you to this 

conclusion?  Could another type of chart 

have been constructed?  Which one?

ÁIs the process "out of control" as some of 

the A&E physicians have maintained?  

ÁWhat is the capability of the current 

process?

ÁWhy is there an individuals and a moving 

range (mR) chart?  Why do you need both 

of these charts?  Don't they tell you the 

same thing?

ÁSo, what do you do with these charts?  

How will this information help you make 

the A&E physicians more satisfied with the 

TATs?
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Group #3 Case Study #5

ICU admission time for open heart surgery patients

The Situation

You are the manager of your hospital's Intensive Care Unit (ICU). For  

several months, you have had growing concerns about the length of time  

it takes to receive open heart surgery patients into the ICU. You have  

observed that it often takes over 30 minutes for the staff to switch over all 

the tubes and monitors for patients entering the ICU. Your hospital does 

approximately 16-20 open heart surgeries per month.

Without telling any of your ICU staff, you decided to plot the switchover 

time for 16 consecutive patients during the month of January (Figure 1).  

Then you called a meeting of the ICU staff and showed them this control  

chart, which showed an average admission time of 26 minutes with an 

upper control limit of almost 44 minutes and a lower control limit of  

nearly 9 minutes. Your staff agreed that this time was unacceptable and  

that something had to be done.

Source: R. Carey & R. Lloyd, Measuring Quality Improvement in Healthcare: A Guide to Statistical  

process Control Applications. ASQ Press, Milwaukee, 2001: page103-110.



Figure 1.

ICU  baseline admission time for 16 open

heart  surgery patients

18

Study Questions

ÁWhat kind of data are these?

ÁWhat Shewhart chart was 

used to display the baseline 

data? 

ÁWhat was the initial 

capability of the admissions 

process described in Figure 

1.  Was the process in 

control?  

ÁWhat would you predict 

regarding the admission 

time if no changes were 

made in the process?

Source: R. Carey & R. Lloyd, Measuring Quality 

Improvement in Healthcare: A Guide to 

Statistical  process Control Applications. ASQ 

Press, Milwaukee, 2001: page103-110.

Case Study #5



ICU admission time for open heart 

surgery patients

Source: R. Carey & R. Lloyd, Measuring Quality Improvement in Healthcare: A Guide toStatistical Process Control 

Applications. ASQ Press, Milwaukee, 2001: page 103-110. 

The Situation (cont.)

Initial discussions with your staff revealed that the  morning and 

afternoon shifts were not following the same  admission process.

Your team agreed to standardize the  process by developing a 

common protocol before making  any major changes in the admission

process.

Then more data were collected on 16 additional patients during 

February,  and the data were compared to the January patients  (Figure

2). An improvement was observed.

Case Study #5
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Figure 2. ICU  admission time  before and

after  process  standardized.

Control limits  based on January 16 patients
Study Questions

ÁDescribe the effect of 

"standardizing" the process 

as shown in Figure 2?  

ÁWas there a change in the 

process as defined by the 

special cause rules?  If so, 

name the special cause 

rule(s).

ÁHow would the team use 

the bottom chart?  What 

does it tell them? 

ÁWhat should the team do 

next?  Should they 

implement the standardized 

process?  Spread it to other 

ICUs?

Case Study #5


