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The Science of Improvement
Objectives:
• Describe the components of the science of improvement
• Apply the science to improvement projects

Outline:
• The science of improvement
• Framework for applying the science in an organization
• The Model for Improvement
• Methods for a learning system
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Will

Ideas Execution

Having the Will (desire) to change the 
current state to one that is better

Developing
Ideas on 
which to base 
the design of 
new systems

Approaches 
to enable the 
Execution
of the ideas

Achieving Breakthrough Improvement 
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Improvement

Tom Nolan (1947 - 2019)



95  GI Care Centers
>25,000 patients
> 730 physicians
>40% of all patients with IBD

Solutions for Patient Safety
>100 childrens’ hospitals
>$121,000,000 saved
6686 children spared harm

Building Will: Keep Focus on: 
Patients     Outcomes
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Provost, L., and Bennett, B. (2015). “What's your theory? Driver diagram serves as tool for building 
and testing theories for improvement.” Quality Progress, 36-43. 5

Change Ideas?

What is your 
theory?



Execution: Using the Model for Improvement

Hunches 
Theories 

Ideas

Changes That 
Result in 

Improvement

A
PS

D
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S D

D S
P ADATA

A P
S D

Very Small 
Scale Test

Follow-up 
Tests

Wide-Scale Tests 
of Change

Implementation of 
Change

What are we trying to
accomplish?

How will we know that a
change is an improvement?

What change can we make that
will result in improvement?

Model for Improvement

Sequential Learning 
through PDSA Cycles
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The Science of Improvement

The science of improvement includes the interactions of system 
thinking, understanding variation, psychology of change, and 
the theory of knowledge that are applied to improve the 
performance of processes, organizations, and communities.

The proper application of this science requires integration of a 
set of improvement methods and tools with knowledge of 
subject matter to develop, test, implement, and spread 
changes.

Associates in Process Improvement, 
www.apiweb.org, 2018 7

http://www.apiweb.org/


Aim or 
Val

ues

Foundation for the Science of Improvement:
Deming’s Lens of Profound Knowledge

Appreciation 
of a system

Understanding 
Variation

Theory of 
Knowledge Psychology

“The system of profound 
knowledge provides a lens. It 
provides a new map of theory by 
which to understand and optimize 
our organizations.”



History of Deming’s System of Profound Knowledge
‘

Walter ShewhartR A Fisher

W Edwards Deming

PSYCHOLOGY

Eric Trist

Abraham 
Maslow

Kurt Lewin

Fredrick 
Herzberg

Elton Mayo

Douglas McGregor

KNOWLEDGE

Chris Argyris

John Dewey

C. I. Lewis

SYSTEMS

Russell Ackoff

Ludwig von Bertalanffy

Jay Forrester

Peter Senge

William Gossett



Two Types of Knowledge Required for Improvement 

Subject 
Matter 
Knowledge

Subject Matter Knowledge: professional knowledge, basic to 
the things we do in life

Profound Knowledge: The interaction of the theories of 
systems, variation, knowledge, and psychology. 

Deming’s 
Profound 

Knowledge

Improvement Guide,  p. 75 10



Making Improvements

Profound Knowledge

Subject Matter 
Knowledge

Increased
capability to

make
improvements 

Learn to combine subject 
matter knowledge and 
profound knowledge in 
creative ways to develop 
effective changes for 
improvement

Improvement Guide p. 7611



Solve Problem #1

Say you have a bag full of cats. Two are tabbies, and three are calicos. 
You let one cat out of the bag. It runs up a tree before you get a chance to 

see its color. 
Then you let out another cat. As you pry its jaws from your ankle, you see 

that it’s a tabby. 
What are the chances that the cat in the tree is also a tabby?
a) 1 in 5 b)  1 in 4         c) 1 in 3 d) 1 in 2

http://www.parade.com/61610/marilynvossavant  
12

http://www.parade.com/61610/marilynvossavant/


Solve Problem #2

Say you have three calico cats in a bag. What 
are the chances that all three are female? 

(a) 1 in 8
(b) 1 in 6
(c) 1/3
(d) >99%

http://www.parade.com/61610/marilynvossavant  13

http://www.parade.com/61610/marilynvossavant/


Aim or 
Val

ues

Applying the Science of Improvement

Appreciation 
of a system

Understanding 
Variation

Theory of 
Knowledge Psychology

14

Theory of 
Knowledge



Editorial: Building knowledge, asking questions, Greg 
Ogrinc, Kaveh G Shojania BMJ Qual Saf 2014;23:4 265-267 )
http://qualitysafety.bmj.com/content/23/4/265.full
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PlanAct

DoStudy

- Objective
- Questions and
    predictions (Why?)
- Plan to carry out
    the cycle
(who, what, where, when)
- Plan for Data collection

- Carry out the plan
- Document problems
    and unexpected
    observations
- Begin analysis
    of the data

- Complete the analysis
    of the data
    - Compare data to
        predictions
         - Summarize what
             was learned

- What changes
    are to be
    made?

- Next cycle?

The Scientific Method: Deming’s  
Plan, Do, Study, Act Cycle

http://qualitysafety.bmj.com/content/23/4/265.full


W. E. Deming’s Two Types of Studies

The aim of any experiment is to provide 
a rational basis for action

Enumerative study: an experiment in which 
action will be taken on the universe from 
which data was taken.

Analytic study: an experiment in which action 
will be taken on a cause system to improve 
performance in the future.

1942, “On classification of the 
problems of statistical inference”

1950, Chapter 7 from Some Theory of 
Sampling

16



Analytic Studies in BMJ Q&S (2011)
The classification of studies as 

enumerative or analytic depends 
on the intended target for action 
as the result of the study.

17

Methods for designing and learning from analytical studies: 
Moen RM, Nolan TW, and Provost LP. Quality Improvement 
through Planned Experimentation. 2nd edition. New York: 
McGraw-Hill, Inc., 1998.



Was this intervention effective?

Perla R J et al. BMJ Qual Saf 2011;20:46-51

Establishing Evidence 
of Improvement



Summary Statistics 
versus Time Series 

Charts

Perla R J et al. BMJ Qual Saf 2011;20:46-51



Aim or 
Val

ues

Applying the Science of Improvement

Appreciation 
of a system

Understanding 
Variation

Theory of 
Knowledge Psychology

20

Appreciation 
of a system



Appreciation 
of a System

Theory of 
Knowledge

Psychology

Understanding
Variation

Science of Improvement: Appreciation of a System

Design
and

Redesign
Consumer
researchSuppliers of

Raw Materials
Receipt and

test of 
Materials

Consumers

Distribution

Test of processes,
machines, methods,

costs

Production, assembly, finishing, inspection

A

B

C

D

E

F

Deming’s Production as a System, 1950

The idea of viewing the organization as system derives 
from Dr. Deming’s “Production Viewed as a System”

This flow diagram was the spark that turned Japan around in 1950 and onward.  It 
displayed a system of production to top management and to engineers. (Deming, 1993) 21



Appreciation of a System – Key Ideas for Improvement

We can think of all work as a process. 

A system is an interdependent group of items, people, and processes with 
a common aim.

If each part of a system, considered separately, is made to operate as 
efficiently as possible, then the system as a whole will not operate as 
effectively as possible.

People are a key part of systems in organizations – they want to do a good 
job and take pride in their work.

Every system is perfectly designed to achieve exactly the results it gets.



Every system is 
perfectly 
designed to 
achieve exactly 
the results it 
gets.



Events 
(crises, anecdotes, problems)

Trends 
and 

Patterns
run charts, 

statistical analysis, simulation

System Structure
pattern of interrelationship among 

key components of the system, 
process and information flows, 

Finding 
Leverage for 
Improvement

24



Aim or 
Val

ues

Applying the Science of Improvement

Appreciation 
of a system

Understanding 
Variation

Theory of 
Knowledge Psychology

25

Understanding 
Variation



MEASUREMENT FOR IMPROVEMENT

Project Measures: 
Overall results related to the project 
aim (outcome and process 
measures). Also Balancing 
measures

PDSA Measures
§ Quantitative data on the impact of a particular 

change
§ Qualitative data to help refine the change
§ Subsets or stratification of project measures 

for particular patients

What%are%we%trying%to%
accomplish?%

How%will%we%know%that%a%
change%is%an%improvement?%

What%change%can%we%make%that%
will%result%in%improvement?%

Model%for%Improvement%

Act$ Plan$

Study$ Do$

From:%%The$Improvement$Guide,%
Associates%in%Process%Improvement%

Aim%

Measures%

Ideas%

Act$ Plan$

Study$ Do$

19% 26



March, 1997 The Joint Commission 
Journal on Quality Improvement, 
Vol 23, No 3.

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.

27



Percent of Patients Counseled on Smoking Cessation
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Data for Judgment vs. Improvement

HC Data Guide, p 29, 30
28



Guidelines for Collecting Data for Improvement

• A few key measures that clarify the aim of the improvement effort 
and make it tangible should be regularly reported throughout the life of 
the project.

• Be careful about over-doing process measures. A balance of outcome, 
process and balancing measures is important.

• Plot data visually on the key measures over time.
•

• Make use of existing databases and data already collected for 
developing measures.

• Whenever feasible, integrate data collection for measurement into 
the daily work routine.

HC Data Guide, p 32
29



Learning from Data for Improvement

The Shewhart chart is a statistical tool used to distinguish 
between variation in a measure due to common causes and 
variation due to special causes 

(Most common name is a control chart, more descriptive 
would be learning charts or system performance charts)

HC Data Guide, p. 113
30

Common Causes—those causes 
inherent in the system over time, affect 
everyone working in the system, and 
affect all outcomes of the system

Special Causes—those causes not
part of the system all the time or do 
not affect everyone, but arise because 
of specific circumstances



Using Shewhart 
Chart to Guide 
Improvement Work

HC Data Guide, p. 109
31
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Reducing Readmissions
P-charts point to path for improvement
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Subgrouping by Care Team

# 𝑟𝑒𝑎𝑑𝑚𝑖𝑡𝑡𝑒𝑑
# 𝑑𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒𝑑



G chart: Deliveries between newborns with pH<7



Aim or 
Val

ues

Psychology

Applying the 
Science of 

Improvement



Some Useful Change Concepts from 
Psychology 

D. Change the Work Environment
27. Give People Access to                                           
Information
30. Reduce De-motivating Aspects of 
Pay System
35. Share Risks
36. Emphasize Natural and Logical 
Consequences
37. Develop Alliance/ Cooperative 
Relationships

(from 72 Change Concepts from The Improvement Guide, 1996 Langley et all) 

B. Improve the Work Flow
20. Consider people as in the 
same system                                       

E. Enhance the 
Producer/Customer 
Relationship
42. Reach Agreement on 
Expectations



Systems and People
Attribution Theory
The theory of how people explain others’ behavior--for example, by attributing 
it either to internal dispositions (enduring traits, motives, and attitudes) or to 
external situations.

Fundamental Attribution Error
The tendency for observers to underestimate situational influences and 
overestimate dispositional influences upon others’ behavior

A fault in the interpretation of observations, seen everywhere, is to 
suppose that every event (defect, mistake, accident) is attributable to 
someone (usually the one nearest at hand), or is related to some special 
event. The fact is most troubles with service and production lie in the 
system. - Deming (1986, p. 315)
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Step 1: 
Pick a number 

from 3 to 9

Step 2: 
Multiply your 
number by 9

Step 3:
Add 12 to the 

number from step 2

Step 7: 
Write down the

name of a country
that begins with 

your letter

Step 4: 
Add your 2 

digits together

Step 5:
Divide # from step 4

by 3 to get a 1 
digit number

Step 6:
Convert your 

Number to a letter:
1=A   2=B  3=C 
4=D   5=E  6=F 
7=G  8=H  9 = I

Step 8: 
Go to the next 
Letter: A to B, 
B to C, C to D, 

etc.

Step 9: 
Write down the name
of an animal (not bird, 

fish, or insect) that 
begins with your letter 

from Step 8

Step 10:
Write down 
the color of 

your 
animal

Do 
you have 
a 2-digit 

Number?

Complete each of the steps in this process

NO

YES

Output:

Color____________

Animal___________

Country__________



Learning Healthcare System

• One system for learning and doing (integrating 
research, improvement, and clinical care)

• Data generated at the point of care, 
aggregated to become knowledge and then 
applied to future clinical care

• Relentless iteration towards the best care and 
best health for individuals and populations

39

Apply the concept of a learning system to an 
organization, an improvement project, a network, etc.



Methods to Support a 
System of Learning for Health Care 

Moen, Nolan, Provost
McGraw-Hill 2013, p. 346-347

1. Recognition and investigation of special causes using Shewhart 
charts.

2. Study of informative cases. 
3. Observational studies (learning from variation in current practice)

4. Natural experiments (observation with factorial thinking). 

5. Planned Experiments (PDSA tests of change plus the use of 
replication, blocking, randomization, and experimental patterns to 
learn about multiple change ideas)

40



Method 5: Planned Experimentation
Using more complex study designs with PDSA test cycles 
(recommendation of Speroff and O’Connor, 2004).
Study more than one change at a time to learn about 
interactions.
Consider use of the use of replication, blocking, 
randomization, and various experimental patterns to 
increase the validity of PDSA cycles.

41
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Example of 
Planned 
Experiment in 
Improvement 
Project

Design Matrix



The Need to Understand the Whole System…

When you are confronted by any complex social system, such as an urban center 
or a hamster, with things about it that you’re dissatisfied with and anxious to 
fix, you cannot just step in and set about fixing with much hope of helping. 

This realization is one of the sore discouragements of our century… You cannot 
meddle with one part of a complex system from the outside without the 
almost certain risk of setting off disastrous events that you hadn’t counted on 
in other, remote parts.

If you want to fix something you are first obliged to understand…the whole 
system…  Intervening is a way of causing trouble.

Lewis Thomas, 1974
Biologist and Essayist

From Business Dynamics by John Sterman, p.8
43



The Science of Improvement

Profound 
Knowledge

Subject Matter 
Knowledge

Increased
capability to

make
improvements 

Combine subject matter 
knowledge and profound 
knowledge in creative ways 
to develop effective 
changes for improvement


