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The Quality Improvement Journey
Source: Carey, R. and Lloyd, R. Measuring Quality Improvement in Healthcare: A Guide to Statistical Process Control Applications.
ASQ Press, Milwaukee, WI, 2001.
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The Quality Improvement Journey
Source: Carey, R. and Lloyd, R. Measuring Quality Improvement in Healthcare: A Guide to Statistical Process Control Applications.
ASQ Press, Milwaukee, WI, 2001.
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Modify the
improvement
strategy

The Sequence of Improvement
Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. 2nd edition, Jones and Bartlett, 2017: 343.

Make part of
routine
operations
Test under a
variety of
conditions
Theory
and
Prediction

Sustaining improvements
and Spreading changes to
other locations

Implementing a
change (HTGs)

Testing a
change

Developing a
change
Note that while the steps in this
diagram are rather equal in their
spacing it must be realized that the
amount of time and effort required at
each step will vary depending on the
complexity of the topic under study.

The framework for
Learning and Change
When you
combine
the 3
questions
with the…
PDSA cycle,
you get…

Our focus today

…the Model
for
Improvement.

Langley, G. et al, The Improvement Guide, Jossey bass Publishing, 2009.
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Gaining Knowledge Through Measurement
“In God we trust. All others must
bring data!”
“You can’t manage what you don’t
measure.”

W. Edwards Deming
(1900-1993)

“Without data you’re just another
person with an opinion.”
“You should not ask questions
without knowledge.”

Let’s do a data test!
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Now, what do you conclude?

Our Objectives for today…
to answer Six Key Questions about
Measurement
1.

What is your current level of knowledge about quality
measurement?

2.

What is your motivation for measuring?

3.

Do you know the milestones in the Quality
Measurement Journey (QMJ)?

4.

Do you understand variation conceptually?

5.

Do you understand variation statistically?

6.

How well do you link measurement to improvement
10
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Question #1
What is your current level of knowledge
about quality measurement?
This self-assessment is designed to help quality facilitators and improvement team
members gain a better understanding of where they personally stand with respect
to the milestones in the Quality Measurement Journey (QMJ). What would your
reaction be if you had to explain why it is preferable to plot data over time rather
than using aggregated statistics and tests of significance? Can you construct a run
chart or help a team decide which measure is more appropriate for their project?
You may not be asked to do all of the things listed below today or even next week.
But if you are facilitating a QI team or expect to be able to demonstrate
improvement, sooner or later these questions will be posed. How will you deal with
them?
The place to start is to be honest with yourself and see how much you know about
concepts and methods related to the QMJ. Once you have had this period of selfreflection, you will be ready to develop a learning plan for yourself and those on
your improvement team.
Source: R. Lloyd, Quality Health Care: A Guide to Developing and Using
Indicators. 2nd edition, Jones & Bartlett Publishers, 2017.

© 2017 Institute for Healthcare Improvement/R. Lloyd

Exercise
Measurement Self-Assessment
1.I'd definitely have to call in an outside expert to explain and
apply this topic/method.
2.I'm not sure I could apply this appropriately to a project.
3.I am familiar with this topic but would have to study it further
before applying it to a project.
4.I have knowledge about this topic, could apply it to a project
but would not want to be asked to teach it to others.
5.I consider myself an expert in this area, could apply it easily to
a project and could teach this topic/method to others.
Source: R. Lloyd, Quality Health Care: A Guide to Developing and Using Indicators. 2nd edition, Jones & Bartlett Publishers, 2017.

© 2017 Institute for Healthcare Improvement/R. Lloyd
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Measurement Self-Assessment
Source: R. Lloyd, Quality Health Care: A Guide to Developing and Using Indicators. 2nd edition, Jones & Bartlett Publishers, 2017.

Response Scale

Measurement Topic or Skill

1

2

3

4

5

Help people in my organization determine why they are measuring (improvement, judgment or research)
Move teams from concepts to specific quantifiable measures
Building clear and unambiguous operational definitions for our measures
Develop data collection plans (including stratification and sampling strategies)
Explain why plotting data over time (dynamic display) is preferable to using aggregated data and summary
statistics (static display)
Explain the differences between random and non-random variation
Construct run charts (including locating the median)
Explain the reasoning behind the run chart rules
Interpret run charts by applying the run chart rules
Explain the statistical theory behind Shewhart control charts (e.g., sigma limits, zones, special cause rules)
Describe the basic 7 Shewhart charts and when to use each one
Help teams select the most appropriate Shewhart chart for their measures
Describe the rules for special cause variation on a Shewhart chart
Help teams link measurement to their improvement efforts

1.
2.
3.
4.
5.

I'd definitely have to call in an outside expert to explain and apply this topic/method.
I'm not sure I could apply this appropriately to a project.
I am familiar with this topic but would have to study it further before applying it to a project.
I have knowledge about this topic, could apply it to a project but would not want to be asked to teach it to others.
I consider myself an expert in this area, could apply it easily to a project and could teach this topic/method to others.
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Question #2
What is your motivation for measuring?
It all depends on your…
…perspective!

© 2017 Institute for Healthcare Improvement/R. Lloyd
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Perspective #1
The Three Faces of Performance Measurement
“We are increasingly realizing not only how
critical measurement is to the quality
improvement we seek but also how
counterproductive it can be to mix
measurement for accountability or research
with measurement for improvement.”
Lief Solberg, Gordon Mosser and Sharon McDonald. “The Three Faces of
Performance Measurement: Improvement, Accountability and Research”
Journal on Quality Improvement vol. 23, no. 3, (March 1997), 135-147.

© 2016 Institute for Healthcare Improvement/R. Lloyd

The Three Faces of Performance Measurement
Aspect
Aim
Methods:
• Test Observability

Improvement

Accountability
(Judgment)

Research

Improvement of care
(efficiency & effectiveness)

Comparison, choice,
reassurance, motivation for
change

New knowledge
(efficacy)

Tests are observable

No test, evaluate current
performance

Test blinded or controlled

Accept consistent bias

Measure and adjust to
reduce bias

Design to eliminate bias

• Amount of Data

“Just enough” data, small
sequential samples

Obtain 100% of available,
relevant data

“Just in case” data

• Flexibility of the
hypotheses

Flexible hypotheses, changes
as learning takes place

No hypothesis

• Bias

• Testing Strategy
• Determining if a change is
an improvement

• Confidentiality of the data

Fixed hypothesis
(null hypothesis)

Sequential tests

No tests

One large test

Analytic Statistics
(statistical process control)
Run & Control charts

No change focus
(maybe compute a percent
change or rank order the
results)

Enumerative Statistics
(t-test, F-test,
chi square,
p-values)

Data used only by those
involved with improvement

Data available for public
consumption and review

Research subjects’
identities protected

Adapted from: Lief Solberg, Gordon Mosser and Sharon McDonald, Journal on Quality Improvement vol. 23, no. 3,
(March 1997), 135-147.
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And a good reference if you are
keen on using p-values for QI
This book shows, field by field, how
“statistical significance,” a technique that
dominates many sciences, has been a huge
mistake.
The authors find that researchers in a broad
spectrum of fields, from agronomy to
zoology, employ “testing” that doesn’t test
and “estimating” that doesn’t estimate.
This book shows how wide the disaster is
and how bad fit is for advancing science.
Finally, it traces the problem to its historical,
sociological and philosophical roots.
17

Perspective #2: The Quality Funnel
Source: Lloyd, R. Quality Health Care: A Guide to the Development and Use of Indicators, 2nd edition, Jones and Bartlett Publishing, 2017.

Quality Control is a process
by which procedures and
methods are established to
review and standardize the
reliability and quality of all
factors involved in the
production of products or
services.
Quality Improvement is the
combined and unceasing efforts
of everyone (e.g., healthcare
professionals, patients and their
families, researchers, payers,
planners and educators) to make
the changes that will lead to better
patient outcomes (e.g., health),
better system performance (e.g.,
care) and better professional
development.

Control

Assurance

Quality Assurance
is any systematic
process of checking
or auditing
periodically to see if
a product or service
being developed is
meeting specified
requirements,
targets or goals.

Improvement

Quality

18
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Perspective #3
Quality Assurance vs Quality Improvement
Requirement,
Specification or Target

No action
taken
here

Better

Quality

Reject
defectives

Worse

Old Way
(Quality Assurance)

Action taken on
all occurrences

Better

Quality

Worse

New Way
(Quality Improvement)

Source: Carey, R. and Lloyd, R. Measuring Quality Improvement in Healthcare: A Guide to Statistical Process
Control Applications. ASQ Press, Milwaukee, 2001: 2-4.
© 2016 Institute for Healthcare Improvement/R. Lloyd

Dialogue
Why are you measuring?
• How much of your organization’s energy is aimed at
measuring quality assurance, quality control and/or quality
improvement?
• Does one form of measurement dominate your journey?
• Do you think the three approaches can be integrated or
are they in fact separate and distinct?
• Are you developing the capacity and capability of staff to
enable them to meet the demands of the measurement
pressures created by each of the three approaches to
measurement?
© 2016 Institute for Healthcare Improvement/R. Lloyd
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So, the next question is…
How can we create a set of measures that will
guide our improvement work and show
meaningful results without spending a lot of
time collecting data?

© 2016 Institute for Healthcare Improvement/R. Lloyd

Question #3
Do you know the milestones in the Quality
Measurement Journey (QMJ)?
AIM*

(How good? By when?)

Concept
Measure
Operational Definitions
Data Collection Plan
Data Collection
ACTION

Analysis

Source: R. Lloyd, Quality Health Care: A Guide to Developing and Using Indicators. 2nd Edition, Jones & Bartlett Publishers, 2017.
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A Completed
Quality Measurement Journey
AIM – reduce inpatient harm by 37% by the end of the calendar year
Concept – Catheter Associate Urinary Tract Infections (CAUTIs)
Indicator – CAUTI rate (CAUTIs per 1000 Foley days)
Operational Definitions - # CAUTIs/Foley days
Data Collection Plan – monthly; no sampling; all IP units
Data Collection – unit submits monthly data to QI Dept. for analysis
Analysis – Shewhart chart (u-chart)
ACTION

© 2017 Institute for Healthcare Improvement/R. Lloyd

A Complete QMJ: The CAUTI Case Study

24
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Following the CAUTI Case Study…
1. Baselines, Gaps, Aims, Outcomes
Where are we now, and what are we trying to accomplish? (pages
1-3)
2. Building a Theory of Improvement (Driver Diagram)
What should we measure and why? (pages 3-4)
3. Mapping the measures (Measure Tree)
How will we calculate the measures? (pages 4-7)
4. Defining the Measures (Operational Definitions)
Attributes of Useful Improvement Measures (pages 7-9)
5. Collecting Data and Testing Changes
How much data do we need? (pages9-13)
6. Understanding Variation Statistically
Do we have common or special causes? (pages 2, 10 & 11)

Milestones in the Quality
Measurement Journey
AIM

(Why are you measuring?)

Concept
Measure
Operational Definitions
Data Collection Plan
Data Collection
ACTION

Analysis

Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. 2nd edition,
Jones and Bartlett Publishers, 2017.
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True
North
27

Your
QMJ
begins
with
An
Aim!
What
is
your
Aim?

Aim Statement Worksheet

28

Project Topic: ________________________________
Aim statement
(What’s the problem? Why is it important? What are you going to do about it?)

How good? ______________________________
By when? _______________________________

Institute for Healthcare Improvement

P29

What is the CAUTI Aim?
AIM: Reduce CAUTI infections in all units below 1.6
(10th percentile) within 12 months and to zero within
24 months.
How good? By when?
Does the aim seem reasonable?
Is it too ambitious? Not ambitious enough?
• System: CAUTI infections in all units
• Goal: Be below 1.6 and then to zero
• Timeframe: 12 month for 1.6 and 24 month for zero

P30

CAUTI Baseline Data – Key Outcome

Average = 3.5
Goal = 1.6

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

Institute for Healthcare Improvement

Aim Statement Worksheet
Project Topic: ________________________________
Aim statement
(What’s the problem? Why is it important? What are you
going to do about it?)

Do you have or can you develop good
Aim Statements?
How good? ______________________________
By when? _______________________________
31
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Milestones in the Quality
Measurement Journey
AIM

(Why are you measuring?)

Concept
Measure
Operational Definitions
Data Collection Plan
Data Collection
ACTION

Analysis

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

32
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Moving from a Concept to Measure

“Hmmmm…how do I move
from a concept
to an actual measure?

Every concept can have
MANY measures.
Which one is most
appropriate?
© 2017 Institute for Healthcare Improvement/R. Lloyd
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 Vision
 End Result
 Ideal State
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Are these measures?
Reduce wait times

They are part of…

Improve patient satisfaction
Expand market share
Be more efficient
Increase health and well-being
Reduce waste
Improve our financial situation
Reduce inpatient discharge delays
Enhance Patient education
Deliver safe services
© 2017 Institute for Healthcare Improvement/R. Lloyd

Every concept can have many measures!
Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. Jones and Bartlett, 2004.

Concept
Access

Potential Measures
•
•
•
•
•

Number of days to the next 2nd appointment
Percent of add-ons who can be seen today
Number of walk-in appointments
The number of minutes a caller is on hold before talking to a
staff person
Number of phone calls requesting an appointment this week

Wait Time

•
•
•
•

Wait time from check-in to discharge
Wait time from check-in to seeing doctor
Time spent with doctor
Time it takes to have follow-up work done in the office (labs,
x-ray, ultra-sound, etc.)

Management of
Diabetes Patients

•

Percent of diabetes patients with appropriate eye and foot
exams done during an office visit
Percent of all diabetes patient in glucose control
Percent of patients engaged in self-management goals

•
•

© 2017 Institute for Healthcare Improvement/R. Lloyd
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Guiding Improvement Work with a
Family of Measures

Outcome

Process

P37

Balancing

37
© 2016 Institute for Healthcare Improvement/R. Lloyd

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

 Outcome Measures
 Point to qualities that stakeholders value (voice of the customer)
 Is this system meeting the needs of those who care about its operation?
 Is our improvement work making a meaningful impact?

 Process Measures
 Voice of the process.
 Are the parts/steps in the system performing as planned? Are processes
reliable? Efficient? Patient-Centered?
 Are we on track to influence the Outcome measure(s)?

 Balancing Measures





Are we producing unintended consequences in our efforts to improve?
What other factors may be affecting results?
Looking at a system from different directions/dimensions.
What happened to the system as we improved the outcome and process
measures?

38
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Balancing Measures:
Looking at the System from Different Dimensions
 Outcome (quality, time)
 Transaction (volume, no. of patients)
 Productivity (cycle time, efficiency, utilisation, flow,

capacity, demand)
 Financial (charges, staff hours, materials)
 Appropriateness (validity, usefulness)
 Patient satisfaction (surveys, customer complaints)
 Staff satisfaction

Balancing measures help keep you from
sub-optimizing the system!

Balancing Measures help you be
aware of Unintended Consequences
40

“Without reflection, we go blindly on our
way, creating more unintended
consequences, and failing to achieve
anything useful.”
Margaret Wheatley

Institute for Healthcare Improvement

Potential Set of Measures for
Improvement in a Family Practice Clinic
Topic

Outcome
Measures

Process
Measures

Balancing
Measures

Total Length of
Time from check-in till Volume of patients
seeing the doctor
Improve waiting Stay (in minutes)
for a scheduled
time and patient
% of patients leaving
satisfaction in appointment at the The number of Patient without being seen
clinic
the family
by the doctor
and staff comments
practice clinic
on flow
% of patients
Staff satisfaction
marking Strongly % of patient receiving
Agree to the
discharge materials
Financials
question: “Would
you recommend
our clinic to family Wait time for ancillary
services (lab, x-ray,
and friends?”
ultra-sound) during a
visit
© 2016 Institute for Healthcare Improvement/R. Lloyd

Exercise
Organizing your Measures
1. A starting point for any QI project is to move from
concepts to measures that appropriately capture the
concepts of interest.
2. Use the Organizing Your Measures Worksheet on the
next page to start this part of your journey.
3. List the concepts of interest in the far left column. Then
identify potential measures for these concepts in the
second column. Remember that a single concept might
have more than one potential measure.
4. Finally, indicate whether each potential measure is an
Outcome, Process or Balancing measure.
© 2016 Institute for Healthcare Improvement/R. Lloyd
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Organizing Your Measures Worksheet
Topic for Improvement:

Concept

Potential Measure(s)

Outcome

Process

Balancing

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

© 2016 Institute for Healthcare Improvement/R. Lloyd

Example
Organizing Your Measures Worksheet
Topic for Improvement: Inpatient Falls
Concept

Potential Measure(s)

Patient Harm

Inpatient falls rate

Patient Harm

Number of falls

Compliance

Percent of inpatients
assessed for falls
Percent of staff fully trained
in falls assessment
protocol
The additional time it takes
to conduct a proper falls
assessment

Staff
Education
Assessment
Time

Outcome

Process

Balancing

Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. 2nd Edition, Jones & Bartlett Learning,2017.
© 2016 Institute for Healthcare Improvement/R. Lloyd
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Conclusions:
Moving from a Concept to a Measure
1. Moving from concept to measures requires focused work to
create agreement about adjectives such as recovery, major,
timely, complete, accurate or excellent.
2. A concept may need more than one measure and, therefore,
the development of more than one operational definition.
3. The transition from concept to measure doesn’t just happen, it
requires both technical and clinical decision-making to be
blended with pragmatism and acceptance of the imperfections
of the measures.
4. There is no such thing as a fact! (W. E. Deming)

© 2016 Institute for Healthcare Improvement/R. Lloyd

Milestones in the Quality
Measurement Journey
AIM

(Why are you measuring?)

Concept
Measure
Operational Definitions
Data Collection Plan
Data Collection
ACTION

Analysis

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

46
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An Operational Definition...
…is a
description, in
quantifiable
terms, of what to
measure and the
steps to follow
to measure it
consistently.

• It gives communicable
meaning to a concept
• Is clear and
unambiguous
• Specifies measurement
methods and equipment
• Identifies criteria

47
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Failure to develop a clear Operational Definition often
leads to confusion and misunderstanding

How do you define these concepts?
A “fair tax”

A “tax loophole”

A “good vacation”

A “great movie”

Rural, Urban or Suburban
The “rich”

The “poor”

The “middle class”
“Jump start” the economy

© 2016 Institute for Healthcare Improvement/R. Lloyd
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How do you define the
following healthcare concepts?
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Medication error
Co-morbid conditions
Teenage pregnancy
Cancer waiting times
Health inequalities
Asthma admissions
Childhood obesity
Patient education
Health and wellbeing
Adding life to years and years to life
Children's palliative care
Safe services
Smoking cessation
Urgent care
Complete history & physical

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Delayed discharges
End of life care
Falls (with/without injuries)
Childhood immunizations
Complete maternity service
Patient engagement
Moving services closer to home
Successful breastfeeding
Ambulatory care
Access to health in deprived areas
Diagnostics in the community
Productive community services
Vascular inequalities
Breakthrough priorities
Surgery start time

© 2017 Institute for Healthcare Improvement/R. Lloyd

Example
Medication Error Operational Definition
Measure Name: Percent of medication errors
Numerator:

Number of outpatient medication orders with one or more
errors. An error is defined as: wrong med, wrong dose, wrong
route or wrong patient.

Denominator:

Number of outpatient medication orders received by the family
practice clinic pharmacy.

Data Collection:
•

This measure applies to all patients seen at the clinic

•

The data will be stratified by type of order (new versus refill) and patient age

•

The data will be tracked daily and grouped by week

•

The data will be pulled from the pharmacy computer and the CPOE systems

•

Initially all medication orders will be reviewed. A stratified proportional
random sample will be considered once the variation in the process is fully
understood and the volume of orders is analyzed.
© 2017 Institute for Healthcare Improvement/R. Lloyd
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Example
Ambulance Hospital Off-load Time
Measure Name: The time that it takes an ambulance crew to turnover care to
hospital staff and return to service.
Goal: < 20 mins
Measurement Period Length: Each patient arriving by ambulance
Numerator: The amount of time that it takes to turn a patient over to hospital staff
in minutes and seconds (measured in minutes and seconds).
Denominator: NA
Data Collection:
• Time starts when ambulance is placed in park at the emergency department
entrance
• Time ends when the ambulance crew notifies the ambulance dispatcher that
they are able to respond to another request for service.
• Other important measures may include:
• Time waiting for triage
• Door to patient turnover time
• Turnover to available time
© 2017 Institute for Healthcare Improvement/R. Lloyd

Exercise
Assessing your Operational Definitions
• Evaluate your measures against each of the
Operational Definition criteria.
• Are your measures clearly defined? If you gave
the definition of your measure to another person
would they know precisely what you are
attempting to measure?
• Are you clear about the measurement steps
required to obtain data?
• Use the Operational Definitions Worksheet to
record your responses.
© 2017 Institute for Healthcare Improvement/R. Lloyd
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Operational Definition Worksheet

53

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

Measure Name: ________________________________________
(Remember this should be specific and quantifiable, e.g., the time it takes to…,the number
of…, the percent of… or the rate of…)

Operational Definition
Define the specific components of this measure. Specify the numerator and denominator if
it is a percent or a rate. If it is an average, identify the calculation for deriving the average.
Include any special equipment needed to capture the data. If it is a score (such as a
patient satisfaction score) describe how the score is derived. When a measure reflects
concepts such as accuracy, complete, timely, or an error, describe the criteria to be used to
determine “accuracy.”

Can you develop good Operational Definitions?
© 2016 Institute for Healthcare Improvement/R. Lloyd

Conclusions:
Developing Operational Definitions
1. Operational definitions are not universal truths!
2. Operational definitions require agreement on
terms, measurement methods and decision
criteria.
3. Operational definitions need to be reviewed
periodically to make sure everyone is still using
the same definitions and that the conditions
surrounding each measure have not changed.

© 2016 Institute for Healthcare Improvement/R. Lloyd
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Milestones in the Quality
Measurement Journey
AIM

(Why are you measuring?)

Concept
Measure
Operational Definitions
Data Collection Plan
Data Collection
ACTION

Analysis

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

55
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Key Aspects of Data Collection
• Stratification
• Sampling Methods
• Frequency of Data Collection
• Duration of Data Collection
Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators.
2nd edition, Jones and Bartlett Publishers, 2017, Chapter 4.
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Key Data Collection Strategies:
Stratification
Stratification
• Separation & classification of
data according to
predetermined categories

Mean

• Designed to discover patterns in
the data
• For example, are there
differences by shift, time of
day, day of week, severity of
patients, age, gender or type of
procedure?

Mean

• Consider stratification BEFORE
you collect the data
57
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Common Stratification Levels
• Age

Gender

• Day of week

Co-morbid conditions

• Time of day or Shift

Facility or service area

• Stat vs routine orders

Units within a facility

• Severity of patients

Socio-economic status

What stratification levels make
sense for your data?
58
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Key Data Collection Strategies:
Sampling Methods
Probability Sampling Methods
• Simple

random sampling

• Stratified random sampling
• Stratified proportional random sampling
• Systematic sampling
• Cluster sampling

Do you need to pull a
sample or do you take
every occurrence of the
data (i.e., collect data
for the total population)

Non-probability Sampling
Methods
• Convenience

sampling

• Quota sampling
• Judgment sampling
Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. 2nd edition, Jones and Bartlett Publishers, 2017.
© 2015 Institute for Healthcare Improvement/R. Lloyd

Judgment Sampling
Especially useful for PDSA testing. Someone with
process knowledge selects items to be sampled.

Characteristics of a Judgment Sample:
• Include a wide range of
conditions
• Selection criteria may change
as understanding increases
• Successive small samples
instead of one large sample
© 2015 Institute for Healthcare Improvement/R. Lloyd
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Judgment Sampling takes advantage of the
knowledge of those who own the process.
But, things are pretty
quiet after 3 PM.

We are absolutely crazy
around here between
9 and 11 AM!

What do I know? I
usually work
afternoon shift and
that is a different
process altogether!
61
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How often and for how long do you
need to collect data?
Frequency – the period of time in which you collect data (i.e.,
how often will you dip into the process to see the variation that
exists?)
• Moment by moment (continuous monitoring)?
• Every hour?
• Every day? Once a week? Once a month?

Duration – how long you need to continue collecting data?
• Do you collect data on an on-going basis and not end until the
measure is always at the specified target or goal?
• Do you conduct periodic audits?
• Do you just collect data at a single point in time to “check the
pulse of the process?”
© 2015 Institute for Healthcare Improvement/R. Lloyd
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THE BOTTOM LINE ON DATA COLLECTION

The need to know, the criticality of the
measures and the amount of data required
to make conclusions should drive your
decisions about the frequency and
duration of data collection and whether or
not you need to sample.

© 2015 Institute for Healthcare Improvement/R. Lloyd

Exercise
Data Collection Plan for your Team
• This exercise has been designed to help you clarify the
data collection plan for the team you are coaching.
• For each measure that you identified earlier in this section,
outline the decisions related to stratification of the data,
sampling (if appropriate), frequency and duration of data
collection.
• Use the Data Collection Plan Worksheet on the next page
to record your ideas.
• Spend a few minutes working on your own then compare your
ideas with others at your table and critique each person’s plan.
© 2015 Institute for Healthcare Improvement/R. Lloyd
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Data Collection Plan Worksheet
Project name & location: _____________________________________________________
Measure
Name

Is Stratification
appropriate?
If Yes, list the levels
of stratification

Will you use
sampling? If Yes,
describe the sampling
method you will use

Frequency of
data collection
(e.g., hourly,
daily weekly?)

Duration of data
collection (i.e., how
long do you plan to
collect the data?)

Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. 2nd edition, Jones and Bartlett, 2017
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Now that you understand
how to select, define and
collect data for your
measures, consider
developing a dashboard of
key measures!

Graphs used with the permission of East London Foundation Trust
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Measurement Dashboard Worksheet
Name of team:_______________________________

Measure Name
(Be sure to indicate if it is a
count, percent, rate, days
between, etc.)

Date: _____________

Operational Definition
(Define the measure in very specific terms.
Provide the numerator and the denominator if a
percentage or rate. Be as clear and unambiguous as
possible)

Data Collection Plan
(How will the data be collected?
Who will do it? Frequency?
Duration? What is to be
excluded?)

Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. 2nd Edition, Jones and Bartlett, 2017.
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Measurement Dashboard Worksheet
Name of team: Ward 20 Medication Reconciliation Team

Measure Name
(Be sure to indicate if it is a
count, percent, rate, days
between, etc.)

Percent of inpatient
medication orders with an
error

Date: 1 August 2014

Operational Definition
(Define the measure in very specific terms.
Provide the numerator and the denominator if a
percentage or rate. Be as clear and unambiguous
as possible)
Numerator: Number of inpatient medication orders
with one or more errors

Data Collection Plan
(How will the data be collected? Who
will do it? Frequency? Duration? What is
to be excluded?)
•
•

Denominator: Number of inpatient medication
orders received by the pharmacy

•
•

•

This measure applies to all
inpatient units
The data will be stratified by shift
and by type of order (stat versus
routine)
The data will be tracked daily and
grouped by week
The data will be pulled from the
pharmacy computer and the CPOE
systems
Initially all medication orders will be
reviewed. A stratified proportional
random sample will be considered
once the variation in the process is
fully understood and the volume of
orders is analyzed.

© 2016 Institute for Healthcare Improvement/R. Lloyd
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+
+

=
Building a Measurement System that Works!
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Example of a QI Dashboard from Norway

MABO Nursing Home, Oslo
Evy Szasz Nergård
Evyszsz.nergard@sye.oslo.kommune.no

Institute for Healthcare Improvement

Aims
1. The work process and documentation of nutrition is to be according
to the “Good nutritional practice standard” to ensure safe individual
nutritional care.
• 100% of all patients are to have a care plan for nutrition.
• Also, 100% of those who are at risk of developing under-nutrition
should have an individual plan to prevent or treat the under-nutrition.
2. Good practical execution of the steps 2,3 and 4 in the «nutrition stair
case» and an improvement in the practical execution of the individual
care plans
• The meal service at MABO is recognized by:
o The meals are served in a tempting and appetizing way
o The food that is served should be variated
• Fortification of meals and snacks is served according to care plans.

Type of measure
(IMPORTANT,
hilsen Amar)

Stratification

Operational definition

Frequency

Responsible
for
measurements

Registration tool

Exclusion criteria

Baseline

Extranet (14.04a)

Terminal patients

Se på alle beboere i pilotavdelingen

Extranet (14.02c)

Terminal patients and
patients that deny
being assessed

Quality indicator report from August
2017

Måleansvarlig
Measure 1
% of patients at risk with
stable weight (weight loss
< 5 % last 3 months)

Outcome

By ward

Andel beboere i risiko
med stabil vekt (vekttap
< 5 % siste 3 mnd)
Measure 2
% of patients assessed for
nutritional risk with
MNA part I

Process

By ward

# of patients with stable weight/# of included
patients

Monthly

Antall beboere som har holdt stabil vekt/antall
beboere som er inkludert

Hver måned

# of patients assessed/# of patients that should
have been assessed in the period

Every 6
months

Antall beboere som er risikovurdert/antall beboere
som skulle vært risikovurdert i perioden

Andel beboere som er
risikovurdert med MNA
del1
Measure 3

Hver 6.
måned

Extranet (14.05a)
% of patients at risk that
get their care plan for
nutrition evaluated every
month

Process

By ward

Definisjon lages av hver enhet: F.eks. at det er
dokumentert ny vekt, hvordan tiltakene har fungert
og hva som er videre oppfølging til neste gang

Terminale pasienter
og pasienter som har
takket nei til å bli
risikovurdert

Bruke kvalitetsindikatorrapport fra
august

Terminal patients

Se på 8 pasienter i pilotavdeling

Monthly

Hver måned
Andel beboere i risiko
som får sin tiltaksplan
evaluert månedlig

Antall beboere i risiko som har fått sin plan
evaluert/antall beboere som skulle fått sin plan
evaluert

Terminale pasienter

Measure 4
% of care plans with
“approved” content

Process

By ward

Have started to work on this definition together
with the project group:
•

Andel tiltaksplaner med
godkjent innhold

•
•
•
•

Lage variabel i
Extranet

Result from risk assessment with MNA
form
Description of challenges and resources
when it comes to meals and nutrition
Care plan
Goal for the patient
Description of what the patient like and
don’t like to eat and approximate amounts
for each meal

Godkjent innhold må defineres av prosjektgruppa

MABO Nursing Home, Oslo
Evy Szasz Nergård
Evyszsz.nergard@sye.oslo.kommune.no
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Measure 5
Costs for oral nutritional
sip feeds (ONS)

Process

None

Monthly spending on ONS

Monthly

Lena

Excel

Månedlig
Kostnader til
næringsdrikker
Measure 6
# of patients with ONS
prescribed in their
medication list

Process

None

Take out report from our EPR system

Monthly

Anne

Excel

Differentiate
between
different
meals
(breakfast,
lunch, dinner)

Definere hva som menes med godt måltidsmiljø
(sjekkliste)

Hver dag

Ansvarlig på
enhet fører inn
i telleskjema

Extranet

Andel beboere med næringsdrikk i
medisinliste (Anne tar ut) For
hvilken måned?

Antall/andel beboere med
næringsdrikk oppført i sin
medisinliste
Measure 7
Satisfactory meal time
environment

Outcome

Godt måltidsmiljø

Ved oppstart av prosjekt ute i
avdelingene

Lage kriterier slik at de ansatte kan vurdere
måltidene selv. La beboere som kan svare vurdere
måltidsmiljøet noen ganger underveis, med
smilefjes?

Skille mellom
forskjellige
måltider
(frokost,
lunsj, middag)
Measure 8
Satisfactory meal plan and
Godt mattilbud
Measure 9
Adequate use of the
actions fortification and
extra snacking meals

Outcome

By ward

Needs to be defined by the project group

?

Må defineres av prosjektgruppa
Outcome

By ward

Needs to be defined by the project group

?

Må defineres av prosjektgruppa

Berikning og
mellommåltider
Measure x (uavklart)
Process
Ansattes
tilfredshet/opplevelse av
mestring av
ernæringsarbeidet (som en
måte å måle økt
kompetanse)

Dele opp etter
ansattgruppe,
avdeling,
annet?

Sende ut Questback

Før og
etter

Evy

??

Før-måling

MABO Nursing Home, Oslo
Evy Szasz Nergård
Evyszsz.nergard@sye.oslo.kommune.no

Conclusions: Data Collection
1.

Sampling should produce representative and workable numbers for the unit of
interest.

2.

Customers providing feedback about their service or care they receive can be
very susceptible to sampling bias (sampling and recall biases).

3.

Sampling bias can be introduced if you always use the same place or time and
this is not representative of the whole. This is a major problem for when
single point in time audits are relied on as the sampling method.

4.

When conducting surveys recall bias occurs if the questions are reliant on the
individual’s memory.

5.

The worst case scenario occurs when you have no idea where the sample
came from or how representative it is of the population or organisation overall.

6.

Clear guidance on data collection methods, in particular sampling and
stratification, are required whether you are collecting data for improvement,
judgement or research.

7.

Avoid single point in time audits when trying to improve outcomes!
© 2016 Institute for Healthcare Improvement/R. Lloyd
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Milestones in the Quality
Measurement Journey
AIM

(Why are you measuring?)

Concept
Measure
Operational Definitions
Data Collection Plan
Data Collection
ACTION

Analysis

Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. 2nd edition,
Jones and Bartlett Publishers, 2017.
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Question #4
Do you understanding variation conceptually?

You have data!
Now, what do you
do with it?
76
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“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

The Problem!
Aggregated data presented in tabular
formats or with summary statistics, will
not help you measure the impact of
process improvement efforts.
Aggregated and summary statistics data
can only lead to judgment, not to
improvement.
Mean, Median, Mode
Minimum, Maximum, Range, Standard Deviation
Comparison of monthly or quarterly averages
78
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Average CABG Mortality
Before and After the Implementation of a New Protocol

WOW!

Percent Mortality

5.2

A “significant drop”
from 5% to 4%

5.0%

4.0%

3.8
Time 1

Time 2

Conclusion -The protocol was a success!
A 20% drop in the average mortality!
79
© 2016 Institute for Healthcare Improvement/R. Lloyd

Average CABG Mortality
Before and After the Implementation of a New Protocol
A Second Look at the Data

Percent Mortality

9.0

Protocol implemented here

UCL= 6.0
5.0
CL = 4.0

LCL = 2.0
1.0
24 Months

Now what do you conclude about the impact of the protocol?
80
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Data for Judgement NOT Learning!

Source: Provost, Murray & Britto (2010)
© 2016 Institute for Healthcare Improvement/R. Lloyd

How Is the Error Rate Doing?

Source: Provost, Murray & Britto (2010)
Slide #82
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How is Perfect Care Doing?

Source: Provost, Murray & Britto (2010)
Slide #83
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“Managing a company by means of the monthly (or quarterly or
yearly) report is like trying to drive a car by watching the yellow line
in the rear-view mirror.” Myron Tribus
As quoted in Wheeler, Donald. Understanding Variation: The Key to Managing Chaos. SPC Press, Inc., 1993: 4.

If you are serious about your quality improvement efforts, you should be
collecting and analyzed data as close to the production of work as possible.
• What would it take to collect data on individual patients waiting to see the doctor?
• To track the number of patients being assessed for pressure ulcers each day?
• The percent of “did not attend” appoints for each week?
•

Most measures can be collected more frequently than monthly!
© 2015 Institute for Healthcare Improvement/R. Lloyd
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Measure

The average of a set of numbers can be
created by many different distributions

X (CL)

65
Time
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If you don’t understand the variation that lives
in your data, you will be tempted to ...
• Deny the data (It doesn’t fit my view of reality!)
• See trends where there are no trends
• Try to explain natural variation as special
events
• Blame and give credit to people for things
over which they have no control
• Distort the process that produced the data
• Kill the messenger!
86
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Stages of Facing Reality:
Reactions to Data
 “The data are wrong”
 “OK, the data are right, but it’s not a problem.”
 “OK, OK the data are right and it is a problem.

But it’s not my problem.”
 “The data are good enough, it is a problem, it is

our problem, and we intend to do something
about it.”
Source: Don Berwick Escape Fire, (2002 Forum Speech), pages 287-288 in
Escape Fire: Designs for the Future of Health Care. Jossey-Bass, 2004.

The consequences of not
understanding variation!
Source: William Scherkenbach. The Deming Route to Quality and Productivity. Ceep Press, Washington, DC, 1990, page 71.

Increased
Fear

Kill the
Messenger
Deming’s
Cycle of
Fear

Micromanagement

Filtered
Information
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Dr. Walter A Shewhart
W. Shewhart. Economic Control of
Quality of Manufactured Product, 1931

“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
expected to vary in
the future”

© 2017 Institute for Healthcare Improvement/R. Lloyd

“What is the variation in one system
over time?” Walter A. Shewhart - early 1920’s, Bell Laboratories
Dynamic View

UCL

Static View

time
LCL
Every process displays variation:
Controlled variation
• stable, consistent pattern of variation
• “chance”, constant causes

Static View

Special cause variation
• “assignable”
• pattern changes over time
90
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Types of Variation
Common Cause Variation

Special Cause Variation

•

Is inherent in the design of the
process

•

•

Is due to regular, natural or
ordinary causes

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

•

Affects all the outcomes of a
process

•

Results in a “stable” process that
is predictable

•

Also known as random or
unassignable variation
91
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Common Cause (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
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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

Holding the Gain: Isolated Femur Fractures

When we’re trying
to change the
system

Minutes ED to OR per
Patient

Intentional

1200
1000
800
600
400
200
0

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64
Sequential Patients

Idea courtesy of Richard Scoville, PhD, IHI Improvement Advisor
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Point …Variation exists!
Random Variation (common cause) does not mean “Good
Variation.” It only means that the process is stable and
predictable. For example, if a patient’s systolic blood
pressure averaged around 170 and was usually between 160
and 180 mmHg, this might be stable and predictable but
considered unacceptable.
Similarly Non-Random (special cause) variation should not
be viewed as “Bad Variation.” You could have a non-random
variation that represents a very good result (e.g., a low
turnaround time), which you would want to emulate. NonRandom merely means that the process is unstable and
unpredictable.
© 2017 Institute for Healthcare Improvement/R. Lloyd
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Appropriate Responses to Random and
Non-Random Variation
Is the process stable?
YES
Type of variation
Right Choice
Wrong Choice
Consequences of
making the wrong
choice

NO
Random +
Non-Random

Only Random
Monitor or change
the process

Investigate the origin of the
non-random variation

Treat normal variation as
if it were non-random
(tampering)

Change the process

Wasted
resources!

Increased
variation!

(time, effort, resources
morale)

Source: Carey, R. and Lloyd, R. Measuring Quality Improvement in Healthcare: A Guide to Statistical Process
Control Applications. ASQ Press, Milwaukee, WI, 2001, page 153.
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2

Issues …

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?
96 (1) reduce the variation or (2) redesign the entire process.
If not,
© 2017 Institute for Healthcare Improvement/R. Lloyd
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Finally, find examples that work for your discipline!
Random Variation

Non-Random Variation
Holding the Gain: Isolated Femur Fractures
Minutes ED to OR per
Patient

1200
1000
800
600
400
200
0

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64
Sequential Patients

Normal Sinus Rhythm
(a.k.a. Random Variation)

Ventricular Fibrillation
(a.k.a. Non-Random Variation)

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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Attributes of a Leader Who
Understands Variation
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.
© 2016 Institute for Healthcare Improvement/R. Lloyd
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Dialogue
Understanding Variation
• Select several measures which your
organization tracks regularly.
• Do you and the leaders of your
organization evaluate these measures
according the criteria for common
and special causes of variation?
Antal patienter med vårdtid < 6dygn i % vid primär elektiv knäplastik
(operationsdag= dag1)
90
80

Antal patienter i %

• If not, what criteria do you use to
determine if your measures are
improving or getting worse?

70
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50
40
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20
10
0
1
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Månad
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Conclusions
Understanding Variation
1. The same data can show different patterns of variation
dependent on how much of it you present and how you
statistically analyze 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 safety!
4. A leaders job is to understand patterns of variation and ask
why!
©Copyright 2013 Institute for Healthcare Improvement/R. Lloyd
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Question #5
Do you understand variation statistically?

U n p la n ne d R e tur ns to E d w /in 7 2 H o u rs
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STATIC VIEW
Descriptive Statistics
Mean, Median & Mode
Minimum/Maximum/Range
Standard Deviation
Bar graphs/Pie charts
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DYNAMIC VIEW
Run Chart
Control Chart
(plot data over time)
Statistical Process Control (SPC)
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Annotated Time Series
(the minimum standard for QI projects)

Line Graph

Run Chart

Run and Shewhart (Control) Charts
are the best tools to determine:
─ The variation that lives in the
process
Control Chart

─ If our improvement strategies
have had the desired effect.

Institute for Healthcare Improvement

How do we analyze variation for
quality improvement?
Run and Shewhart (Control) Charts
are the best tools to determine:
1. The variation that lives in the process
2. If our improvement experiments have
had the desired effect.
But our focus today is primarily on Run Charts.
103

104

1. Make process performance visible

Three Uses of
Statistical
Process Control
(SPC) Charts

Current P roces s P erform anc e: Is olated Femur Frac tures
Minutes ED to OR per
Patient

1200
1000
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600
400
200
0

1
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7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64
S equential P atients

3. Determine if we are holding the gains
Process Improvement: Isolated Femur Fractures

Holding the Gain: Isolated Femur Fractures

1200

Minutes ED to OR per
Patient

Minutes ED to OR per
Patient

1200
1000
800
600
400
200
0

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64
Sequential Patients

1000
800
600
400
200
0

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64
Sequential Patients

2. Determine if a change is an improvement
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Key Run Chart Questions
So, can you answer the following questions?
1.
2.
3.
4.
5.
6.
7.
8.
9.

What are the three primary reasons why we use SPC charts?
How many data points do we need before starting a run chart? Why this number?
Name the elements of a run chart and lay one out on the flipchart.
What is the centerline on a run chart and how do you locate it? Show the formula
you use to locate and determine the centerline.
What is a run and how do you count the number of runs on a run chart?
Explain the run chart rules to identify non-random variation. Why is it not
appropriate to use the term “special cause” on a run chart?
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?
If you have one really high and one really low data point are these considered
astronomical?
When would you change the centerline on a run chart? When would you not
change the centerline?
105
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How many data points do I need?
Ideally you should have between
10 – 15 data points
before constructing a run chart
10 – 15 patients
10 – 15 days

•

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

10 – 15 weeks
10 – 15 months
10 – 15 quarters…?
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Elements of a Run Chart
Ideally you should have between
10 – 15 data points before
constructing a run chart

The centerline (CL) on a
Run Chart is the Median

6.00
5.75

Pounds of Red Bag Waste

Measure

5.50
5.25
5.00
4.75
Median=4.610

~

4.50

X (CL)

4.25
4.00
3.75
3.50
3.25
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

Time

Point Number

Four statistical run rules are used to determine if
non-random variation is present
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Key Terms for making Run Charts
Observation (along the Y axis)
• The label of the vertical axis.
• The actual value of a single data point
(e.g., a count, percent, rate or unit of
time).
• The observation (dot on the chart) may
be representing a single bit of data or
multiple bits of data.

Subgroup (along the X axis)
•
•
•
•

The label of the horizontal axis.
How you have organized your data.
Could be sequential patients, hour of the day, day of the week, week or month.
Can be of equal or unequal sizes (i.e., consisting on 1 or more observations in each subgroup).
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Run Chart

Median Position = (n + 1)/2
(29 + 1)/2 = 30/2 = 15

How do you find the median?
6.00

When you slide a piece of paper down, you
reveal the dots in descending order.
When you have revealed the 15th data point you
have found where the median lives.

5.50
5.25

Pounds of Red Bag Waste

Measure

5.75

The
Median
Lives
Median=4.610
here at
the 15th
data point

5.00
4.75
4.50

But, the
Median
4.25
Value= 4.6
4.00
3.75
3.50
3.25
1

2

3

4

5

6

7

8

9

10 11 12 13 14 15 16 17

Find the Median Position then
determine
the
18 19 20 21
22 Median
23 24 25 26Value.
27 28 29

Point Number
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After plotting the dots, calculate the median position and
then the median value
1. Find the Median Position (n+1)/2
2. Then slide a piece of paper down the page to reveal the dots in descending order.
3. At the point where you find the Median Position draw a horizontal line across the
chart. This is the median line.
4. Determine where this line intersects the Y axis and find the Median Value.

Do NOT use a calculator or Excel to find the median!

90
80
70
60
50
40
30
20
10

5/8/09

4/8/09

3/8/09

2/8/09

1/8/09

12/7/09

11/7/09

9/7/09

10/7/09

8/7/09

7/7/09

6/7/09

5/7/09

4/7/09

3/7/09

2/7/09

1/7/09

12/6/09

11/6/09

9/6/09

10/6/09

8/6/09

7/6/09

6/6/09

5/6/09

4/6/09

3/6/09

2/6/09

0
1/6/09

Number of Clinic Visits

Visits

(n+1)/2 = median position
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Finding the Median in a distribution can be a challenge depending on
the spread of the data points
Months
Jan-12
Feb-12
Mar-12
Apr-12
May-12
Jun-12
Jul-12
Aug-12
Sep-12
Oct-12
Nov-12
Dec-12
Jan-13
Feb-13
Mar-13
Apr-13
May-13
Jun-13
Jul-13
Aug-13
Sep-13
Oct-13
Nov-13
Dec-13
Jan-14
Feb-14
Mar-14
Apr-14

# Pts Unplanned
Return to OR
27
20
25
23
31
17
21
28
24
22
19
24
30
22
15
18
12
22
8
2
9
6
20
6
2
6

# Surgeries
Notes
984
982
996
Chg 1
998
Chg 2,3
1070
1031
Chg 4,5,6
886
964
Chg 7,8
1128
960
Chg 9
1193
998
1070
Chg 10,11
895
852
Chg 12,13
963
956
Chg 14
1001
956
995
987
943
965
Implementation Start
980
923
1106

Percent Unplanned
Returns
2.74
2.04
2.51
2.30
2.90
1.65
2.37
2.90
2.13
2.29
1.59
2.40
2.80
2.46
1.76
1.87
1.26
2.20
0.84
0.20
0.91
0.64
2.07
0.61
0.22
0.54

What is the
Median
Value?
Max = 2.90
Min = .20
Range = 2.70
Mean = 1.78

Finding the Median in a distribution can be a challenge
Months
Jan-12
Feb-12
Mar-12
Apr-12
May-12
Jun-12
Jul-12
Aug-12
Sep-12
Oct-12
Nov-12
Dec-12
Jan-13
Feb-13
Mar-13
Apr-13
May-13
Jun-13
Jul-13
Aug-13
Sep-13
Oct-13
Nov-13
Dec-13
Jan-14
Feb-14
Mar-14
Apr-14

# Pts Unplanned
Return to OR
27
20
25
23
31
17
21
28
24
22
19
24
30
22
15
18
12
22
8
2
9
6
20
6
2
6

# Surgeries
Notes
984
982
996
Chg 1
998
Chg 2,3
1070
1031
Chg 4,5,6
886
964
Chg 7,8
1128
960
Chg 9
1193
998
1070
Chg 10,11
895
852
Chg 12,13
963
956
Chg 14
1001
956
995
987
943
965
Implementation Start
980
923
1106

Percent Unplanned
Returns
2.74
2.04
2.51
2.30
2.90
1.65
2.37
2.90
2.13
2.29
1.59
What is
2.40
the
2.80
2.46
Median
1.76
Value?
1.87
1.26
2.20
Median = 2.05
0.84
0.20
0.91
0.64
2.07
Do any of the data
0.61
points = 2.05?
0.22
0.54
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Which data points are on the median?
None of the data points is on the Median!
2.09

2.13

2.07

2.04

# Pts Unplanned
Return to OR

27

20

25

23

31

17

21

28

24

22

19

24

30

22

15

18

12

22

8

2

9

6

20

6

2

6

# Surgeries

984

982

996

998

1070

1031

886

964

1128

960

1193

998

1070

895

852

963

956

1001

956

995

987

943

965

980

923

1106

Guidance: You need to be aware of the spread of the data,
the number of decimals in your data and the calibration of
the Y axis when locating the median.

How do we analyze a Run Chart?
“How will I know what
the Run Chart is trying
to tell me?”

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.
© 2017 Institute for Healthcare Improvement/R. Lloyd
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First, you need to determine
the number of Runs
What is a Run?
• One or more consecutive data points on the same
side of the Median
• Do not include data points that fall on the Median

How do we count the number of runs?
• Draw a circle around each run and count the number of circles you have
drawn
• Count the number of times the sequence of data points (the line on the
chart) crosses the Median and add “1”
• The two counts should be the same!
© 2017 Institute for Healthcare Improvement/R. Lloyd

How many runs on this chart?
Run = series consecutive points above
or below the Median, ignore points
equal to Median

30
25
20
15
10
5

116

M

Ja

n97
ar
M 97
ay
-9
Ju 7
lS e 97
p9
N 7
ov
-9
Ja 7
n9
M 8
ar
M 98
ay
-9
Ju 8
lS e 98
p9
N 8
ov
-9
Ja 8
n9
M 9
ar
-9
9

0

Points on the Median
(don’t count these when counting the number of runs)
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Why do we add 1
to the number of
crossings?
The “sliced
bread” theorem!
6
If you slice a loaf of
bread 5 times how
many pieces of bread
do you end up with?

Run Chart: Medical Waste

Determine the number of runs on this chart
6.00
5.75
5.50

Pounds of Red Bag Waste

5.25
5.00
4.75
Median=4.610
4.50
4.25
4.00
3.75

Points on the Median

3.50

(don’t count these when counting
the number of runs)

3.25
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

Point Number
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How do we analyze a Run Chart?
OK, I now know how
to count the number
of runs. So, how do
I interpret the chart?

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.
© 2017 Institute for Healthcare Improvement/R. Lloyd

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
120
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Non-Random Rules for Run Charts
A Shift:
6 or more

Too many or
too few runs

A Trend
5 or more

An astronomical
data point

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

This is definitely NOT a trend!

122
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Probability of a “trend”
Why do we need 5 data points for a trend?
What is the probability of a coin landing heads or tails?
One head or tail
.5 x .5 =
.5 x .5 x .5 =
.5 x .5 x .5 x .5 =
.5 x .5 x .5 x .5 x .5 =

.50
.25
.125
.0625
.03125

© 2016 Institute for Healthcare Improvement/R. Lloyd

Non-Random Rules for Run Charts
A Shift:
6 or more

A Trend
5 or more

An astronomical
data point

Too many or
too few runs
Source: The Data Guide by L. Provost and S. Murray, Jossey-Bass Publishers, 2011.
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Rule #3: Too few or too many runs
Use this table by first calculating the number of "useful observations" in your data set. This is
done by subtracting the number of data points on the Median from the total number of data
points. Then, find this number in the first column. The lower number of runs is found in the
second column. The upper number of runs can be found in the third column. If the number of
runs in your data falls below the lower limit or above the upper limit then this is a signal of a
special cause.
# of Useful
Lower Number
Observations
of Runs
15
5
16
5
17
5
18
6
19
6
20
6
21
7
22
7
23
7
24
8
25
8
26
9
27 Total useful observations
10
28
10
29 Total data points
10
30
11

125

Upper Number
of Runs
12
13
13
14
15
16
16
17
17
18
18
19
19
20
20
21

The key point here
is that in any data
set you can have
too much or too
little variation.
In either case, it
does not produce
a normal
distribution.

© 2016 Institute for Healthcare Improvement/R. Lloyd

Source: Swed, F. and
Eisenhart, C. (1943)
“Tables for Testing
Randomness of
Grouping in a
Sequence of
Alternatives.” Annals
of Mathematical
Statistics. Vol. XIV,
pp. 66-87, Tables II
and III.

126
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An example of too many
runs on a run chart
(21 of them)
25 data points - 1 on the
Median = 24 useful
observations.
(8 to 18 runs)

An example of too few
runs on a run chart
(only 2 runs)
24 data points with none
on the Median = 24 useful
observations.
(8 to 18 runs)
Sometimes you have too much variation and at other times too little variation!
© 2017 Institute for Healthcare Improvement/R. Lloyd

Non-Random Rules for Run Charts
A Shift:
6 or more

A Trend
5 or more

Too many or
too few runs

An
astronomical
data point

Source: The Data Guide by L. Provost and S. Murray, Jossey-Bass Publishers, 2011.
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Rule #4: An Astronomical Data Point
25 Men and a Test
What
25

do you think about this data point?
Is it astronomical?

Score

20
15
10
5
0
1

3

5

7

9

11

13

15

17

19

21

23

25

Individuals

129
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A Shewhart chart will confirm
(or refute) an astronomical data point

© 2016 Institute for Healthcare Improvement/R. Lloyd
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Non-Random Rules for Run Charts
A Shift:
6 or more

A Trend
5 or more

Too many or
too few runs

An
astronomical
data point

Source: The Data Guide by L. Provost and S. Murray, Jossey-Bass Publishers, 2011.
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So, let’s practice…
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Run Chart Interpretation:
Medical Waste

Total data points = 29
Data points on the Median = 2
Number of “useful observations” = 27
(should have between 10 &19 runs)
The number of runs = 14
Number of times the data line crosses the
Median = 13 + 1 = 14

6.00
5.75
5.50

Pounds of Red Bag Waste

5.25
5.00
4.75
Median=4.610
4.50
4.25
4.00
3.75
3.50

Points on the Median
(don’t count these as
“useful observations”)

Are there any
non-random
patterns
present in this
chart?

3.25
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

Point Number
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Process Improvement Data:
Applying Run Charts to Daily Work

Institute for Healthcare Improvement

Determine the number of runs on this chart and
then apply the 4 Run Chart Rules
Time of Registration of Critically Ill U5 to Initiation of Treatment in the Ward
NOTE: 17 total data points with 0
on the Median = 17 “useful”
observations. Should be between
5 and 13 runs.
How many do you find?

Fast track at Lab

160

in Minutes

120

Time

140

60

100
Median=79

80

Triage at OPD, Fast track at
Registration and Billing

40
20

Nov-11

Sep-11

Jul-11

May-11

Mar-11

Jan-11

Nov-10

Sep-10

Jul-10

May-10

Mar-10

Jan-10

Nov-09

0

Determine the number of runs on this chart and
then apply the 4 Run Chart Rules
Time of Registration of Critically Ill U5 to Initiation of Treatment in the Ward
NOTE: 18 total data points with 3 on the
Median = 15 “useful” observations.
Should be between 5 and 12 runs.
How many do you find?

400
Triage at OPD, Fast
track at Lab

300
250

Median=196.5

200
150
Additional
nurse to triage

100
50

Institute for Healthcare Improvement

Nov-11

Aug-11

May-11

Feb-11

Nov-10

Aug-10

May-10

Feb-10

Nov-09

0
Aug-09

Time

in Minutes

350

QUESTION?
Time of Registration of Critically Ill U5 to Initiation of Treatment in the Ward
400
Triage at OPD, Fast
track at Lab

300
250

Median=196.5
200
150
Additional
nurse to triage

100

Are these data points really on the median?

50

Let’s take a closer look
at these 3 data points
Median=196.5

Does it look
like these 3
data points are
on the Median?

Institute for Healthcare Improvement

Nov-11

Aug-11

May-11

Feb-11

Nov-10

Aug-10

May-10

Feb-10

Nov-09

0
Aug-09

Time

in Minutes

350

Now what do you
conclude?
198

197
196

Median=196.5

The issue here is
that none of the
3 data points is
equal to 196.5
(the Median)!

Now determine the number of runs on this chart
and then apply the 4 Run Chart Rules
Time of Registration of Critically Ill U5 to Initiation of Treatment in the Ward
400
Triage at OPD, Fast
track at Lab

300
250

Median=196.5

200
150

9 crossings
10 runs

Additional
nurse to triage

100
50

18 data points with none on the median.
Should be between 6 and 14 runs. We identified 10.
Any other run chart rules detected?
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Nov-11

Aug-11

May-11

Feb-11

Nov-10

Aug-10

May-10

Feb-10

Nov-09

0
Aug-09

Time

in Minutes

350

ANTENATAL CARE

Early ANC Registration:
% of ANC Registrants in 1st Trim at Registration
90
80

Change made

70
Percentage

60
50
40
30
20
10

NOTE: 22 total data points with 0 on the Median = 22 “useful”
observations. Should be between 7and 17 runs.
How many do you find?

0
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POSTNATAL, INFANT
& CHILD CARE

Neonatal Deaths
Rate of Neonatal deaths per 1000 live births

60

NOTE: 22 total data points with 0 on the
Median = 22 “useful” observations. Should be
between 7 and 17 runs.
How many do you find?

50
Change made
Rate

40
30
20
10
0
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1.
2.
3.
4.

The Median Position is 15 and the Median Value is 30.
It is useful to mark the data points that fall on the Median so you do not count them when
determining the number of runs.
All the data points not on the Median are the “useful” data points for analysis using the run
chart rules.
29 total data points with 1 on the Median for 28 useful observations

5. Now count the number of runs and apply the rules!
Visits

Run Chart

Median

90
80
70
60
50
40
30
20
10

5/8/09

4/8/09

M

3/8/09

2/8/09

1/8/09

12/7/09

11/7/09

9/7/09

M

10/7/09

8/7/09

7/7/09

6/7/09

M

5/7/09

4/7/09

3/7/09

2/7/09

1/7/09

M

12/6/09

11/6/09

9/6/09

10/6/09

8/6/09

M

7/6/09

6/6/09

5/6/09

4/6/09

3/6/09

M

2/6/09

1/6/09

0

Day

Now, let’s return to the Clinic Visits Run Chart

Percent
Week
Compliance
The
Hand
1
79
Hygiene
2
82
3
86
Challenge
4
84
5
85
6
79
7
77
8
86
9
82
10
74
11
85
12
74
13
78
14
83
15
81
16
81
17
74
18
84
19
78
20
75
21
74
22
68
23
81
24
84
25
70
26
85
27
77

Measure is the percent compliance with proper
hand hygiene by week.
N = number of properly completed hand washings
D = total number of hand washing observations
The Mean = 79.5
Max value = 86
Min value = 68
STDEV = 4.9

The Board has asked for a report
on our Hand Hygiene project.

What should I tell them?
•

Have we improved?

•

What will happen next?

•

Should we do something?

•

I was told to plot the raw data
on a run chart but I don’t
understand it. Can you help
me?

Institute for Healthcare Improvement

Here’s my Chart
Percent Compliance
with
Proper Hand Hygiene
Percent
Compliance

Percent Compliance

90

Is this a run chart?

85

80

75

70

Place the Median on the chart
(n + 1)/2 = Median position

65

60
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

Week

Exercise
Developing Run Charts for your Project
• This exercise is designed to help you clarify the data analysis plan you are
considering for your team.
• Draw a Run Chart for each measure that you identified earlier on the Organizing
Your Measures Worksheet
• Lay out the X and Y axes with appropriate scaling, create a title for each chart that
includes the measure name, location (e.g., ICU or Community General Hospital)
and dates of the data.
• If you have data or know the current performance range of the data for a given
measure, plot dots on the run chart or estimate what the data might look like.
• If you are just starting on your project and have no data, don’t worry. Just lay out a
run chart for each measure with no data.
• Spend a few minutes working on your own then compare your chart designs with
others at your table. Discuss the following:
• Are the chart axes scaled appropriately for the measure?
• Is the title of the chart clear?
• Does the subgroup make sense

Institute for Healthcare Improvement

Examples of
Run Chart
Designs

They don’t
need to be
perfect!

In Summary


Run Charts are one of the most powerful tools for
measuring improvement.



They describe a process captured over time (as
opposed to being a single sample).



They reveal any shifts or trends a process might be
experiencing.



When combined with careful annotation they track
the impact of change.



They provide a foundation for learning and
dialogue.
© 2017 Institute for Healthcare Improvement/R. Lloyd
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Key Run Chart Questions
So, can you answer the following questions?
1.
2.
3.
4.
5.
6.
7.
8.
9.

What are the three primary reasons why we use SPC charts?
How many data points do we need before starting a run chart? Why this number?
Name the elements of a run chart and lay one out on the flipchart.
What is the centerline on a run chart and how do you locate it? Show the formula
you use to locate and determine the centerline.
What is a run and how do you count the number of runs on a run chart?
Explain the run chart rules to identify non-random variation. Why is it not
appropriate to use the term “special cause” on a run chart?
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?
If you have one really high and one really low data point are these considered
astronomical?
When would you change the centerline on a run chart? When would you not
change the centerline?
151
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Why are Shewhart Charts preferred
over Run Charts?
Because Control Charts…
1. Are more sensitive than run charts




2.

3.
4.

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

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).
Can be used to define process capability.
Allow us to more accurately predict process behavior and future
performance.
© 2017 Institute for Healthcare Improvement/R. Lloyd
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Elements of a Shewhart Chart with
Equal Subgroup Sizes
50.0

(Upper Control Limit)
UCL=44.855

45.0

A

B

Number of Complaints

(Observation)

Measure

40.0

35.0
C

30.0

CL=29.250
C

25.0

An indication of a
special cause

20.0

X (Mean)

B

A

15.0

LCL=13.645

(Lower Control Limit)

10.0

5.0
Jan01

Mar01

May01

July01

Time

Sept01

Nov01

Jan02

Month

Mar02

May02

July02

Sept02

Nov02

(Subgroup)

Why are these control limits straight?
©Copyright 2016 IHI/R. Lloyd
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Health Care Data Guide Page 114

Elements of a Shewhart chart with stair-step control limits
Why are the limits not straight?

Institute for Healthcare Improvement

How many data points do I need?
Typically you should have a
minimum of 20 data points before
constructing a Shewhart chart
15 – 20 patients
15 – 20 days
15 – 20 weeks
15 – 20 months
155

15 - 20 quarters…?

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
156
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The Zones are used with the
rules to identify Special Causes

Measure

UCL

157

Zone A

+3 SL

Zone B

+2 SL

Zone C

+1 SL

Zone C

-1 SL

Zone B

-2 SL

Zone A

-3 SL

NOTE:
Each
zone
X (CL)
is equal to
1 sigma
LCL

Time

Rules for Detecting
Special Causes on A
Shewhart Chart

158
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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”

Finding
Special Causes

© 2017 Institute for Healthcare Improvement/R. Lloyd
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Is there a Special Cause on this chart?
Unp la nne d R e turns to E d w/in 7 2 H o urs
Mo n th
M
A
M
J
J
A
S
O
N
D
J
F
M
A
M
J
J
A
S
ED /1 0 0 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
R e tu r n s
17
26
13
16
24
27
19
14
33
20
17
22
29
17
36
19
22
24
22
u cha rt
1 .2

1 .0

0 .6
Me a n = 0 .5 4

0 .4

0 .2

LC L = 0.19

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

1

2

0 .0
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PERCENT PATIENTS C/O CHEST PAIN SEEN BY
CARDIOLOGIST WITHIN 10 MINUTES OF ARRIVAL TO ED
EXAMPLE CHART

Are there special causes on this chart?

120%
110%
Percent Patients Seen 10 Minutes

Rate per 100 ED Patients

U C L = 0.88

0 .8

100%
90%
81.5 %

80%
70%
60%
50%

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.

40%
30%
20%
10%

P

0%
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

UCL
Ave ra ge

XYZ Medical Center
P e rf orma nc e Improve me nt Re por t

24 Weeks: October 2003 -- March 2004

Ma rc h 25, 2004

LCL

p-chart, possible range 0-100%

Fic t it ious da t a f or e duc a t iona l pur pose s
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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

UCL=44.855

45.0

A

40.0

Number of Complaints

B

35.0
C

30.0

CL=29.250
C

25.0
B

20.0
A

15.0

LCL=13.645

10.0

5.0
Jan01
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Mar01

May01

July01

Sept01

Nov01

Jan02

Mar02

May02

July02

Sept02

Nov02

Month
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You have to decide which
Shewhart chart is most
appropriate for your data!
X bar S
chart
XmR chart

p-chart
c-chart
u-chart

© 2016 Institute for Healthcare Improvement/R. Lloyd

There Are 5 Basic Shewhart Charts
Variables Charts
• X & S chart

Attributes Charts
• p-chart

(proportion
or percent of
defectives)

(average & SD chart)

• XmR chart
(individuals & moving
range chart)

•

c-chart
(number of defects)

•

u-chart (defect rate)

Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. Jones and Bartlett, 2017, Chap.9
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But how do we
know which one is
the right one?
I know the right
chart has to be
hiding in here
somewhere!
SPC
Sphere of
Knowledge

It’s easy! The choice of a chart depends first
of all on the type of data you have collected!

Variables (Continuous)Data

Attributes (Classification) Data
Defectives

Defects

(occurrences plus
non-occurrences)
Nonconforming Units

(occurrences only)
Nonconformities
© 2017 Institute for Healthcare Improvement/R. Lloyd
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Then, you need to understand the
Control Chart Decision Tree
Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. 2nd edition, Jones and Bartlett, 2017.

Decide on the type
of data

Variables Data

X bar & S

Yes

No

Yes

XmR

Average and
Standard
Deviation

Occurrences &
Nonoccurrences?

No

More than
one
observation
per
subgroup?

Yes

Attributes Data

Individual
Measurement

Is there an equal
area of
opportunity?

c-chart

The number
of Defects

No

u-chart

p-chart

The Defect
Rate

The percent of
Defective Units
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It’s easy! The choice of a chart depends first
of all on the type of data you have collected!

Variables (Continuous)Data

Attributes (Classification) Data
Defectives

Defects

(occurrences plus
non-occurrences)
Nonconforming Units

(occurrences only)
Nonconformities
© 2017 Institute for Healthcare Improvement/R. Lloyd
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Examples of Variables (Continuous) Data
Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. 2nd edition, Jones and Bartlett, 2017.

 Patient wait time to see the physician
 Time to treat an ED patient
 The number of days to mail a patient bill
 The number of calls coming into a clinic

• Actual turnaround time for 5 lab or 3
pharmacy orders
• Blood pressure readings
• Glucose levels

 Length of stay for a particular DRG

• Anesthesia time for a selected
procedure

 The number of food trays produced

• Patient satisfaction scores

 The number of surgeries

• The cost of a normal delivery

 Operating margin

• The number of doses dispensed

 Pounds of laundry

• Weight of a newborn

 Average turnaround time

• Ambulance response time

171

There Are 2 Basic Variables Charts
Variables Charts
• X & S chart

Attributes Charts
• p-chart (proportion or
percent of defectives)

(average & SD chart)

• XmR chart
(individuals & moving
range chart)

•

c-chart
(number of defects)

•

u-chart (defect rate)

Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. Jones and Bartlett, 2017, Chap.9
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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.

Decide on the type
of data

Variables Data

X bar & S

Yes

No

Yes

Average and
Standard
Deviation

Occurrences &
Nonoccurrences?

No

More than
one
observation
per
subgroup?

Yes

Attributes Data

Is there an
equal area of
opportunity?

No

XmR

c-chart

u-chart

p-chart

Individual
Measurement

The number
of Defects

The Defect
Rate

The percent of
Defective Units

Key Terms for making Shewhart Charts
Observation (along the Y axis)
• The label of the vertical axis.
• The actual value of a single data point
(e.g., a count, percent, rate or unit of
time).
• The observation (dot on the chart) may
be representing a single bit of data or
multiple bits of data.

Subgroup (along the X axis)
•
•
•
•

The label of the horizontal axis.
How you have organized your data.
Could be sequential patients, hour of the day, day of the week, week or month.
Can be of equal or unequal sizes (i.e., consisting on 1 or more observations in each subgroup).

174
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Key Terms for Variables Charts Selection
Subgroup

Observation

Area of Opportunity

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

The actual value (data) you
collect

Applies to all attributes or
counts charts

The label of your horizontal
axis

The label of your vertical axis

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

May be single or multiple data
points

Can be patients in
chronological order
Can be of equal or unequal
sizes

Applies to all the charts

Can be of equal or unequal
sizes

Applies to all the charts

31
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XmR vs X bar S…
…it’s all about the amount of data
This doink on
the chart
contains only
1 bit of data?

XmR chart
The difference between
the XmR and X bar S
charts is the amount of
data that goes into each
subgroup (i.e, the doink).

Each chart has a single
dot (i.e., a doink).
The question is, how
many data points go into
making that doink?

The doink on the
chart contains
several doinkettes

X bar S chart

176
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Subgroups vary from a minimum of 5 to a maximum of 12.

Health Care Data Guide Page 114

If each subgroup (doink on the chart) on an X bar & S
chart contains a different number of observations (i.e.,
an unequal subgroup size) then the chart will have
stair-step control limits

You Make the Call!
Is it an XmR (I) or X bar & S?
Measure

Subgroup

XmR
( I 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. Avg. turnaround time for all STAT labs done each
day and stratified by shift
4. Cost for each normal delivery
5. A diabetic patient’s 3x a day blood sugar readings
6. Average length of stay for a random 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

Institute for Healthcare Improvement

X bar & S
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.

Decide on the type
of data

Variables Data

X bar & S

Yes

No

Yes

Average and
Standard
Deviation

Occurrences &
Nonoccurrences?

No

More than
one
observation
per
subgroup?

Yes

Attributes Data

Is there an
equal area of
opportunity?

No

XmR

c-chart

u-chart

p-chart

Individual
Measurement

The number
of Defects

The Defect
Rate

The percent of
Defective Units

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, 2017.

Type of
Control 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.

Type of Data
and data collection issues
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.

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.





•










Examples of Indicators
used on this type of chart
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
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
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There Are 3 Basic Attributes Charts
Variables Charts
• X & S chart

Attributes Charts
• p-chart (proportion or
percent of defectives)

(average & SD chart)

• XmR chart
(individuals & moving
range chart)

•

c-chart
(number of defects)

•

u-chart (defect rate)

Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. Jones and Bartlett, 2017, Chap.9
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It’s easy! The choice of a chart depends first
of all on the type of data you have collected!

Variables (Continuous)Data

Attributes (Classification) Data
Defectives

Defects

(occurrences plus
non-occurrences)
Nonconforming Units

(occurrences only)
Nonconformities
© 2017 Institute for Healthcare Improvement/R. Lloyd
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Examples of Attributes (Classification) Data
Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. 2nd edition, Jones and Bartlett, 2017.

 Percent of C-sections

 The number of falls

 Percent of late food tray

 The number of restraints

 Percent of incomplete charts

 The number of needle sticks

 Percent of late surgery starts

 The number of law suits filed

 Percent of bills that are inaccurate

 The number of ventilator associated
pneumonias

 Percent mortality
 Percent RN turnover
 Percent of patients responding “Very
Good” to a survey question

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

 Medication errors per 100 admissions
 Ventilator associated pneumonias per 1000 vent days
 Total falls per 1000 patient days
183

 Total readmits per 1000 discharges

Defectives & Defects
• Defectives (classification) – there are only
two outcomes here. An item or event is
either “ok” or “not ok” (a binomial condition).
• Defects (count) – you look at something
that is “not ok” (i.e., defective) and count
how many specific things make the item or
event not ok.
©Copyright 2016 IHI/R. Lloyd
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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 “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
strut is loose

1st defect =
interior lights
don’t work

3rd defect =
rear left door
does not fit
flush with
the body

©Copyright 2016 IHI/R. Lloyd
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Key Terms for Attributes Charts Selection
Subgroup

Observation

Area of Opportunity

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

The actual value (data) you
collect

Applies to all attributes or
counts charts

The label of your vertical
axis

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

The label of your horizontal
axis
Can be patients in
chronological order

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

Can be of equal or unequal
sizes

Applies to all the charts

Can be of equal or unequal
sizes

Applies to all the charts
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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.

Decide on the type
of data

Variables Data

X bar & S

Yes

No

Yes

Average and
Standard
Deviation

Occurrences &
Nonoccurrences?

No

More than
one
observation
per
subgroup?

Yes

Attributes Data

XmR

Individual
Measurement

Is there an
equal area of
opportunity?

c-chart

The number
of Defects

No

u-chart

p-chart

The Defect
Rate

The percent of
Defective Units
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You Make the Call!
Is it a p, c or u-chart?
Measure

pchart

Subgroup

cchart

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 number of catheter-associated urinary tract infections is placed
over the total number of urinary catheter days each month
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 total volume of outpatient appointments is
also recorded.

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.

Decide on the type
of data

Variables Data

X bar & S

Yes

No

Yes

Average and
Standard
Deviation

Occurrences &
Nonoccurrences?

No

More than
one
observation
per
subgroup?

Yes

Attributes Data

XmR

Individual
Measurement

Is there an
equal area of
opportunity?

c-chart

The number
of Defects

No

u-chart

p-chart

The Defect
Rate

The percent of
Defective Units
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uchart

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, 2017.

Type of
Control Chart

Type of Data
and data collection issues
p-chart
Attributes data
The p-char t is used frequently in healthcare These data are classified as defectives or
to compute the percent (or proportion) of
nonconforming units because they reflect the
defective products or services. The p-chart percent (or proportion) of undesirable outcomes
requires being able to count both the
(the numerators). The denominators usually (but
numerator and the denominator.
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).
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.



















Examples of Indicators
used on this type of chart
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

The number
The number
The number
The number
The number
pneumonias
The number
The number
The number

of falls
of restraints
of needle sticks
of law suits filed
of ventilator associated
of nosocomial infections
of medication errors
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, 2017.

Type of
Control Chart

Type of Data
and data collection issues
u-chart
Attributes data
The u-chart is used to track defects when the The Poisson distribution is also used as the frame
area of opportunity is not equal. For this
of reference for this chart. The u-chart presents
reason, the u-chart is use more often in
rates (e.g., so many falls per 1000 patient days).
healthcare than the c-chart. This chart is
Knowledge of how to collect data to form rates is
based on rates rather than simple counts.
essential.






Examples of Indicators
used on this type of chart
Medication errors per 100 admissions
Ventilator associated pneumonias per
1000 vent days
Total falls per 1000 patient days
Total readmits per 1000 discharges

KEY POINT
Be clear on the indicator you plan to place on a
Shewhart Chart and the type of data you have
collected.

Institute for Healthcare Improvement

The moment you select an indicator you have
decided which Shewhart chart you can make!
Type of Chart
X bar & S Chart
Individuals Chart
(XmR)

Medication Production Analysis
TAT for a daily sample of 25 medication
orders
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)
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Exercise
Which control chart is most appropriate
for your measures?
• It is now your turn to decide which control chart is most appropriate
for your measures (notice the emphasis on “most appropriate”)
• Use the worksheet on the next page to:
─ Name each of your measures (e.g., wait time to see the doctor or
percent of accurate med reconciliation forms)
─ Indicate if the measures is an outcome, process or balancing
measure
─ Identify the Subgroup for each measure
─ Decide if you are collecting Attributes or Variables data
─ Finally, indicate which Shewhart chart Is most appropriate for each
measure.
194
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Selecting the most appropriate chart
for your measures
Measure Name

Outcome (O)
Process (P)
Balancing (B)

Subgroup
?

Type of
Data?

Chart of
Choice?

V or A

V or A

V or A

V or A

V or A

196
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Summary of Key Points
Understand why you are measuring
• Improvement, Accountability, Research

Build skills in the area of data collection
• Operational definitions
• Stratification & Sampling (probability versus non-probability)

Build knowledge on the nature of variation
• Understanding variation conceptually
• Understanding variation statistically

SPC Charts
•
•
•
•
•

Numerous types of charts (run charts & Shewhart charts)
The median on a run chart & the mean on Shewhart charts
Upper and Lower Control Limits are sigma limits
Rules to identify special and common causes of variation
Linking the charts to improvement strategies

197
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Measurement Self-Assessment
Source: R. Lloyd, Quality Health Care: A Guide to Developing and Using Indicators. 2nd edition, Jones & Bartlett Publishers, 2017.

Response Scale

Measurement Topic or Skill

1

2

3

4

5

Help people in my organization determine why they are measuring (improvement, judgment or research)
Move teams from concepts to specific quantifiable measures
Building clear and unambiguous operational definitions for our measures
Develop data collection plans (including stratification and sampling strategies)
Explain why plotting data over time (dynamic display) is preferable to using aggregated data and summary
statistics (static display)
Explain the differences between random and non-random variation
Construct run charts (including locating the median)
Explain the reasoning behind the run chart rules
Interpret run charts by applying the run chart rules
Explain the statistical theory behind Shewhart control charts (e.g., sigma limits, zones, special cause rules)
Describe the basic 7 Shewhart charts and when to use each one
Help teams select the most appropriate Shewhart chart for their measures
Describe the rules for special cause variation on a Shewhart chart
Help teams link measurement to their improvement efforts
1.
2.
3.
4.
5.

I'd definitely have to call in an outside expert to explain and apply this topic/method.
I'm not sure I could apply this appropriately to a project.
I am familiar with this topic but would have to study it further before applying it to a project.
I have knowledge about this topic, could apply it to a project but would not want to be asked to teach it to others.
I consider myself an expert in this area, could apply it easily to a project and could teach this topic/method to others.

© 2017 Institute for Healthcare Improvement/R. Lloyd
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Milestones in the
Quality Measurement Journey
AIM

(Why are you measuring?)

Concept
Measures
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 Publishers, 2017.
© 2017 Institute for Healthcare Improvement/R. Lloyd

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.
200
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The Role of a Shewhart Chart in the Quality Journey
BASELINE DATA

QUALITY IMPROVEMENT
PHASE

QUALITY CONTROL
PHASE

UCL

Extend the baseline mean
Sustained
Improvement
Calculate new
mean

MEAN

LCL

Special cause
variation
Extend the
new mean
Desired
Direction

Testin
g
starts

PDSA
1

PDSA
2

Continue
collecting data

Projec
t
closes

WEEK

MONTH

Developed by Forid Alom, Seniro Data Analyst, ELFT
Forid.Alom@elft.nhs.uk

You need a Framework for
Performance Improvement
• 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.
311

Institute for Healthcare Improvement

A Simple Improvement Plan
1. Which process do you want to improve or redesign?
2. Does the process contain common or special cause
variation?
3. How do you plan on actually making improvements?
What strategies do you plan to follow to make things
better?
4. 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.
© 2017 Institute for Healthcare Improvement/R. Lloyd

Measurement and Data are used throughout
the Sequence of Improvement
Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. 2nd edition, Jones and Bartlett, 2017: 343.

Make part of
routine
operations
Test under a
variety of
conditions
Theory
and
Prediction

Sustaining improvements
and Spreading changes to
other locations

Implementing a
change (HTGs)

Testing a
change

Developing a
change
Note that while the steps in this
diagram are rather equal in their
spacing it must be realized that the
amount of time and effort required at
each step will vary depending on the
complexity of the topic under study.
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PLANNING

CONTROL

IMPROVEMENT

Original Zone of
Quality Control

Quality
Improvement

CONTROL

A P
S D

UCL

QUALITY
PLANNING

Ac
t

Pla
n

Study

Do

ASSURANCE
LCL

ASSURANCE
PERFORMANCE
SHIFT

New Zone of Quality Control

PLANNING
ASSURANCE
IMPROVEMENT
CONTROL

Identify
what
matters
Identify
Continue
Periodic
clear
monitoring
checks
measures
to
Our
learning
about
Identify
the needs
of
most
measures
ensure
ofsystem
quality
the
of service
quality
for the
isfor
the
and
the
the customer/
meeting
service,
the
and
the
service
needs
monitor
of
level of
population
Design
and
these project
the
over time
performance goes
bring action
customer/population
Take corrective
Develop
service
back
into
a
periodic
together
aappropriate
diverse
team
Take
when
corrective
action
modelsprocess
to meet to
planning
Actions
whentoappropriate
address gaps
the
needs
identify
what
weto
Discover
solutions
Internal
identified
vigilance
need
in
place
to
through
those
Internal
hold involving
gains
vigilance
made
to
Put in place structures
closest
to
themade
work,
through
holdthe
gains
improvement
meet
needs
of
and processes to
test
ideas,
implement
through
improvement
the
population
manage
the service
and then scale up

WEEK

MONTH

MONTH

LESSONS LEARNT

Developed by Forid Alom, Seniro Data Analyst, ELFT
Forid.Alom@elft.nhs.uk

Our Objectives for today…
To answer Six Key Questions on Measurement
1.

What is your current level of knowledge about quality
measurement?

2.

What is your motivation for measuring?

3.

Do you know the milestones in the Quality Measurement
Journey (QMJ)?

4.

Do you understand variation conceptually?

5.

Do you understand variation statistically?

6.

How well do you link measurement to improvement
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Final tips for building an
effective measurement system
 Seek useful measures not perfection
 Think about stratification
 Use sampling (when appropriate)
 Integrate measurement into daily routine
 Collect qualitative and quantitative data
 Plot data over time
© 2017 Institute for Healthcare
© 2015 Improvement/R.
R. C. Lloyd & Associates
Lloyd

“Quality begins
with intent, which
is fixed by
management.”
W. E. Deming, Out of the Crisis, p.5
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Additional Resources
You can access the following free videos from the IHI website:
 Dr. Lloyd has over 20 Whiteboard Videos that explain the concepts, tool and methods of QI in
4-8 minutes.
http://www.ihi.org/education/IHIOpenSchool/resources/Pages/BobLloydWhiteboard.aspx

 Also Dr. Lloyd’s On Demand Videos can also be accessed from the IHI Website:
 Deming’s System of Profound Knowledge and the Model for Improvement
http://www.ihi.org/education/WebTraining/OnDemand/ImprovementModelIntro/Pages/default.aspx

 Data Collection and Understanding Variation
http://www.ihi.org/education/WebTraining/OnDemand/DataCollection_Variation/Pages/default.aspx

 Using Run and Control Charts
http://www.ihi.org/education/WebTraining/OnDemand/Run_ControlCharts/Pages/default.aspx
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2nd Edition

Measuring Quality Improvement in
Healthcare: A Guide to Statistical
Process Control Applications
(ASQ Press, 2000),
https://asq.org/qualitypress/display-item?item=H1091

Dr. Lloyd’s
books

1st Edition

Quality HealthCare: A Guide to Developing and Using
Indicators, (Jones & Bartlett Learning (2004, 1st edition)
with the 2nd edition to be released in the September of
2017 http://www.jblearning.com/catalog/9781284023077/

In the UK Jones & Bartlett books are sold through
http://www.classlearning.co.uk/books/quality-health-caresecond-edition-6065
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Appendices
• Appendix A: Dr Lloyd’s bio
• Appendix B: General References on Quality
• Appendix C: References on Measurement
• Appendix D: Operational Definition Worksheet
• Appendix E: Basic “sadistical” principles
• Appendix F: When do we revise control limits?
• Appendix G: So how will you know when…
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Appendix A: IHI Faculty Robert Lloyd
Robert Lloyd, MRPL, 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, Malaysia, Australia and
New Zealand. All of Dr. Lloyd’s degrees were awarded by the
Pennsylvania State University.
rlloyd@ihi.org

Dr. Lloyd is 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 five leading books on measuring quality improvement in
healthcare settings and numerous articles and chapters on quality
measurement and improvement. He lives in Chicago, Illinois with
his wife Gwenn, daughter Devon and their ever entertaining dog
Cricket.

@rlloyd66

Appendix A: IHI Faculty Sue Butts-Dion
Sue Butts-Dion, Improvement Advisor, advises for the Institute for
Healthcare Improvement (IHI), the National Institute for Children's
Health Quality (NICHQ), Maine Quality Counts and several private
clients. An experienced Improvement Advisor, she is currently faculty
for IHI's Breakthrough Series College and Improvement Coach
Program. Sue supports clients with developing and leading their
systems for improvement and has provided collaborative and
consulting support around such topics as patient centered medical
home, maternal child health (prenatal care, breast-milk feeding),
immunizations, healthy weight, ADHD, oral health, developmental
screening, colorectal cancer screening, and improving the patient
experience, among other things.
suebutts61@gmail.com

Other clients Sue has supported during her career include North
Carolina’s Population Health Improvement Partners, New Hampshire’s
Pediatric Improvement Partnership, the Hanley Center for Health
Leadership, Ireland's Royal College of Physicians, New England's
American Cancer Society, Quorum Health Resources and North
Carolina’s Center for Children’s Health Improvement, to name a few.
Sue is President of Butts-Dion Consulting, Inc., based in Maine, where
she lives with her husband, children dog and cats.
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Appendix A: IHI Faculty Todd Hatley
Todd Hatley, PhD(c), MBA, MHA, SSMBB is an organizational
change agent with over 20 years of experience helping
individuals, teams and organizations conquer their toughest
challenges and realize their most ambitious goals.
In addition to serving as an Improvement Advisor for the
Institute for Healthcare Improvement (IHI), Todd serves as the
CEO of Integral Performance Solutions (IPS), a management
consulting, coaching and training firm. Additionally, Todd serves
as Adjunct Undergraduate and Graduate Faculty at Western
Carolina University, and has over ten years of experience as a
Six Sigma Instructor for North Carolina State University.

todd@onlineips.com

Todd’s formal education includes an Associate of Sciences
degree, bachelor’s degree in business administration, master’s
degrees in both business and healthcare administration. Todd
is currently working to complete a Doctorate in Organizational
Systems. His research involves using the Model of Hierarchical
Complexity to inform organizational change efforts.

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, WI,
2001.

•

Lloyd, R. Quality Health Care: A Guide to Developing and Using Indicators. 2nd
edition, Jones and Bartlett Publishers, Sudbury, MA, 2017.

•

Nelson, E. et al, “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
Operational Definition Worksheet
Team name:
_____________________________________________________________________________
Date: __________________

Contact person: ____________________________________

WHAT PROCESS DID YOU SELECT?

WHAT SPECIFIC MEASURE DID YOU SELECT FOR THIS PROCESS?

OPERATIONAL DEFINITION
Define the specific components of this measure. Specify the numerator and denominator if it is a percent
or a rate. If it is an average, identify the calculation for deriving the average. Include any special
equipment needed to capture the data. If it is a score (such as a patient satisfaction score) describe how
the score is derived. When a measure reflects concepts such as accuracy, complete, timely, or an error,
describe the criteria to be used to determine “accuracy.”

Source: R. Lloyd. Quality Health Care: A Guide to Developing and Using Indicators. Jones and Bartlett, 2004.
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Appendix D (continued)
Operational Definition Worksheet
DATA COLLECTION PLAN
Who is responsible for actually collecting the data?
How often will the data be collected? (e.g., hourly, daily, weekly or monthly?)
What are the data sources (be specific)?
What is to be included or excluded (e.g., only inpatients are to be included in this measure or only stat lab requests
should be tracked).
How will these data be collected?
Manually ______ From a log ______ From an automated system

BASELINE MEASUREMENT
What is the actual baseline number? ______________________________________________
What time period was used to collect the baseline? ___________________________________
TARGET(S) OR GOAL(S) FOR THIS MEASURE
Do you have target(s) or goal(s) for this measure?
Yes ___ No ___
Specify the External target(s) or Goal(s) (specify the number, rate or volume, etc., as well as the source of the
target/goal.)
Specify the Internal target(s) or Goal(s) (specify the number, rate or volume, etc., as well as the source of the
target/goal.)

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

Appendix E
A few basic “sadistical” principles
Descriptive Statistics related to depicting variation
The sum of the deviations (xi – x ) of a set of
observations about their mean is equal to zero.
The average deviation (AD) is obtained by adding the
absolute values of the deviations of the individual values
from their mean and dividing by n.
The sample variance (s2) is the average of the squares of
the deviations of the individual values from their mean.
Which finally leads us to our good old friend, the standard
deviation, which is the positive square root of the
variance.

Σ (xi – x ) = 0
AD =

s2 =

Σ | xi – x |
n
Σ ( xi – x ) 2
n -1

See the next page for
this fun formula!
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Appendix F
When do we revise control limits?
1. When “trial” limits have been calculated with fewer than 20
subgroups.
2. 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.
3. When improvements have be made to the process and the
improvements result in special causes on the control chart.
4. When the control chart remains unstable for 20 or more
subgroups and approaches to identify and remove the special
causes have been exhausted.
5. When you change the operational definition.

Trial Limits versus Initial Limits

When “trial” limits
have been
calculated with
fewer than 20
subgroups.
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When do we revise control limits?
1. When “trial” limits have been calculated with fewer
than 20 subgroups
2. 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

DG 4-18
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Including special causes in the
estimate then remove them
Limits From Baseline Data with Special Cause Present
(Special Cause Data Included in Calculation of Limits)
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Limits From Baseline Data with Special Cause "Ghosted"
(Special Cause Data Excluded From Calculation of Limits)
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When do we revise control limits?
1. When “trial” limits have been calculated with
fewer than 20 subgroups
2. 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
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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Wait Time to See the Doctor
XmR Chart

February

30.0

April

27.5

Intervention

25.0
22.5

Minutes

20.0
17.5
UCL=15.3
A

15.0

Where will
the process
go?

B

12.5

C
CL=10.7
C
B
A
LCL=6.1

10.0
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Baseline
Period

5.0
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1

3
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14
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Freeze
Control
Limits
and Centerline, extend
23
25the27
29
31
22
24
28
30
32
them
and 26
compare
the new
process performance to
to determine if a special cause
has been introduced as a result of the intervention.

21
20

16 Patients in February and 16 Patients
in April
these
reference lines

226

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

Institute for Healthcare Improvement

Wait Time to See the Doctor
XmR Chart

February

30.0

April

27.5

Intervention

25.0

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
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17.5
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A
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Period
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A run of 8 or more
data points on one
side of the centerline
reflecting a sift in the
process
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16 Patients in February and 16 Patients in April

227

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

Wait Time to See the Doctor
XmR Chart

February

30.0

April
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Intervention

25.0

Make new control limits for
the process to show the
improvement
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Segmenting the Data to Show Improvement
Revising Limits After Evidence of Improvement
Initial Extended Limits Reveal Improvement
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When do we revise control limits?
1. When “trial” limits have been calculated with fewer
than 20 subgroups
2. 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
3. When improvements have be made to the process
and the improvements result in special causes on
the control chart
4. When the control chart remains unstable for 20
or more subgroups and approaches to identify
and remove the special causes have beenDG 4-19
exhausted.
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Efforts to Remove the Special Cause Have Failed
C o n t i n u e d S p e c i a l C a u s e ( I n d ic a t e s N e w L e v e l o f P r o c e s s P e r f o r m a n c e )
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When do we revise control limits?
1. When “trial” limits have been calculated with fewer than
20 subgroups
2. 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
3. When improvements have be made to the process and
the improvements result in special causes on the control
chart
4. When the control chart remains unstable for 20 or more
subgroups and approaches to identify and remove the
special causes have exhausted.
5. When you change the operational definition
©2015 Institute for Healthcare Improvement/R. C. Lloyd
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Changing an Operational Definition

Operational Definition changed here

Time 1

Time 2
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When do we NOT revise control limits?

Sooooo,
Sooooo, let’s
change the
control
limits!
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Appendix G
So, how will you know…
1. If the change(s) you have made signal a true
improvement?
2. If you have sustained improvement?
3. If it is the right time to implement the
change(s)
4. If it is time to spread the change(s) to other
areas?
5. If it is time to stop measuring?

So, how will you know…
1. If the change(s) you have made signal a
true improvement?
2. If you have sustained improvement?
3. If it is the right time to implement the
change(s)
4. If it is time to spread the change(s) to other
areas?
5. If it is time to stop measuring? SPSP
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Run & Control Chart Rules are used to
determine if 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)
Tooconstant
many or going up or down
A trend = 5 data points
too few runs

An astronomical

data point
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)
A trend = 6 data points constant going up or down

238

Any of the run chart rules found here?

Has anything changed here!
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So, how will you know…
1. If the change(s) you have made signal a
true improvement?
2. If you have sustained improvement?
3. If it is the right time to implement the
change(s)
4. If it is time to spread the change(s) to other
areas?
5. If it is time to stop measuring? SPSP

Sustained Improvement
• First identify a shift or a trend in the data
• Then look to see if 3 or more data point have stayed at the new level.
320

LOS
(minutes)
Measure

300

3 more data
points staying
at the new level
of performance

280
260

Median

240
220
200
180

A downward shift in the
data (6 data points below
the median)

160
2/16/11

Time

3/16

4/13

5/11

6/8

Week
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So, how will you know…
1. If the change(s) you have made signal a
true improvement?
2. If you have sustained improvement?
3. If it is the right time to implement the
change(s)
4. If it is time to spread the change(s) to other
areas?
5. If it is time to stop measuring? SPSP

Degree of Belief When
Making Changes to Improve

Source: The Improvement
Guide, Langley, J. et al,
Jossey-Bass, 2009: 145.
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Implementing a Change
70

Unreconciled Meds

Baseline

60

Begin implementation
on pilot unit

Testing

Percent

50

Successful
Testing

40

Evidence of improvement
during implementation

30
20
10
0

Note that when you move to full implementation things
may actually get worse for a little bit.

Conditions for Implementing a Change
Resistant

Indifferent

Ready

Cost
Risk of
of not
succeeding
failure
large
large

Very Small
Scale Test

Very Small
Scale Test

Very Small
Scale Test

Cost
Risk of
of not
succeeding
failure
small
small

Very Small
Scale Test

Very Small
Scale Test

Cost
Risk
of
Riskof
ofnot
not
succeeding
failure
succeeding
large
large
large

Very Small
Scale Test

Current Situation
Low Confidence
that current
change idea will
lead to
Improvement

High
Confidence that
current change
idea will lead to
Improvement

Cost
Risk of
of not
succeeding
failure
small
small

Small Scale
Test

Small Scale
Test

Small Scale
Test

Large Scale
Test

Large Scale
Test

Implement

Note the conditions for Implementing a change!
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So, how will you know…
1. If the change(s) you have made signal a
true improvement?
2. If you have sustained improvement?
3. If it is the right time to implement the
change(s)
4. If it is time to spread the change(s) to
other areas?
5. If it is time to stop measuring? SPSP

Spreading a Change
• First identify a shift or a trend 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.’

A downward shift in the
data (6 data points below
the median)

Collaborative

6 more data
points staying
at the new level
of performance

Holding the Gains

Source; John Whittington OSF Healthcare
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So, how will you know…
1. If the change(s) you have made signal a
true improvement?
2. If you have sustained improvement?
3. If it is the right time to implement the
change(s)
4. If it is time to spread the change(s) to other
areas?
5. If it is time to stop measuring?

Two Simple Rules for Measuring

Outcome Measures – always!
Process Measures – it depends!
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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
Outcome 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?
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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.”
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