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Using Data for Improvement – Advanced Concepts

Abstract:

Data provides the insights to develop improvement strategies, the energy to keep improvement efforts 

going, and the insights to evaluate the impact of the improvement work. But often data are not presented in 

a way to effectively communicate the improvement story. This workshop will explore approaches to bring 

your improvement data to life and use graphical methods to describe a successful improvement project 

and to present the story that you want to tell.

Objectives:

• Apply key methods of data visualization that are particularly useful for improvement initiatives.

• Describe the methods used to learn from data in improvement projects.

• Describe how Shewhart charts are a fundamental graphical method from the Science of Improvement. 

• Recognize principles of graphical excellence and best practices to communicate clearly using data.

• Appreciate the difference in Improvement methods and traditional statistical inference methods.



He uses data as a 
drunken man uses lamp 
posts, for support rather 
than illumination

Andrew Lang, Scottish Writer



First: Plot your Data

HC Data Guide, p 68

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

Measure
Goal = 90% 83 80 81 84 83 85 68 87 89 92 91



Data visualization for improvement often 
looks more like this P-chart:

Percentage of discharges re-admitted

# 𝑟𝑒𝑎𝑑𝑚𝑖𝑡𝑡𝑒𝑑

# 𝑑𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒𝑑



P-chart subgrouping by care team

Percentage of discharges re-admitted

# 𝑟𝑒𝑎𝑑𝑚𝑖𝑡𝑡𝑒𝑑

# 𝑑𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒𝑑



P-charts point to path for improvement # 𝑟𝑒𝑎𝑑𝑚𝑖𝑡𝑡𝑒𝑑

# 𝑑𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒𝑑



HC Data Guide, p 68

Second: Annotate your Graph

HC Data Guide, p 68
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“The greatest value of a picture is when it forces us 
to notice what we never expected to see.” 

- John Tukey, 1977 



HC Data Guide, p 68
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What is the story of 
this unusual data 

point?

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

Measure
Goal = 90% 83 80 81 84 83 85 68 87 89 92 91

Third: Add Expression to tell a story 



Key Shewhart Principle for 
Presenting Data

“Whenever an average, 
range, or histogram is used 
to summarize data, the 
summary should not 
mislead the user into taking 
any action that the user 
would not take if the data 
were presented in a time 
series.”

Source: D. Wheeler, Understanding Variation: The Key to Managing 

Chaos, SPC Press, 1993. 
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A graph should tell the story of your improvement project



Why are charts and graphs among the most powerful tools that we 
have for learning from data and for improvement?

The aim of the analysis 

is to give the experts in 

the subject matter the 

best possible chance to 

take the right action. 

Record observations

Document a process

Explore root causes

Identify trends

Detect patterns

Test predictions

Support reasoning and decision-

making

Convey ideas and information
Persuade, convince, or inspire 

others

Tell a story



Descriptive 

Statistics

Healthcare Data Guide, 2nd ed. Jossey Bass, 2022, adapted from:
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“It is better to violate any 

design principle than to put 

graceless or inelegant marks 

on paper.”

--Edward Tufte

Tufte believes that data should never be cheated. He 
has often remarked that if the audience notices the 
chart first and not the data then you have already 
failed.



Tufte’s Graphical Excellence

Substance and integrity

Provide important information, never mislead by way we scale, sample, 
frequency

Statistics  

Clarity and appropriateness of the statistic (percent, rate, mean, median, etc.)

Design principles

Use the least ink to present the greatest amount of information in the smallest 
space

“It is better to violate any design principle than to put 
graceless or inelegant marks on paper.”

--Edward Tufte



• ABOVE ALL ELSE: Show the data 

• Provide important information, never mislead by way we scale, sample, 
frequency

• Allow for visual comparisons

• Integrate words, numbers, images, diagrams 

• Minimize markings (uninformative ink) not directly related to the data

• Use the least ink to present the greatest amount of information in the smallest 
space

Substance and integrity



Misleading Graphics



Scaling is very important

Bar Charts: typically start scale at 0 and continue past highest bar

Scatter Plot: square graph scaled to the data: no “white space”

Run and Shewhart Charts:
• Scaled such that data uses about half of the graph’s scale with remaining 50% of 

scale as white space on either side of data

• If data cannot go beyond an absolute such as 0 or 100 then don’t extend the scale 
past these  numbers



People on Twitter, in a 
break from standard 
behavior for the 
platform, mocked the 
tweet. And in one of 
the less-predictable-
by-the-Founding-
Fathers examples of 
elected leaders 
hearing and 
responding to the 
electorate, the White 
House admitted its 
error and corrected its 
graph.



Statistics  
Clarity and 
appropriateness of 
the statistic 
(percent, rate, 
mean, median, etc.)



Graphical Principle: 
Greatest amount of information in the smallest space

• Increase the information per unit of space

• Include multiple characteristics on the same graph or set of 
graphs

• Use small multiples - a series of charts, showing the same 
measure, but for different segments (location, departments, 
providers, and so on)

• Creation and use of dashboards of multiple charts, each chart 
displaying a different measure over the same time period



“This may well be the best statistical graphic ever drawn.”
E. Tufte, The Visual Display of Quantitative Information, Graphic Press, Cheshire, CT, 1983, page 40.

100,000 
men 

arrived in 
Moscow

422,000 
men started 
the journey

10,000 
men 
made it 
back to 
Poland

This graphic shows six variables simultaneously: the size of the army, its location on a two-dimensional surface, direction of the army’s movement, and 
temperature on various dates during the retreat from Moscow.  



Grande Armée soldiers survived the 

Russian campaign of 18121 in 42

Painting by Adolph Northen (1828-76) / Wiki Commons



Design principle: 

Use the least ink to 
present the greatest
amount of information 
in the smallest space

Minimize markings 
(uninformative ink) not 

directly related to the 
data



Communicating the Relationship between Brain Weight and Body Weight



Integrate 
words, 
numbers, 
images, 
diagrams 

Communicating the Relationship between Brain Weight and Body Weight



Small Multiples Layout

Segments
1 through 6

1

2

3

4

5

6

Overall
For small multiples 
each chart shows 
the same measure

Note that for small 
multiples each 
chart should have 
the same scales 
(for both X and Y)
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Things to Avoid When Graphing 

Graphs should not:

• Distort what the data have to say.

• Mask important changes in the data.

• Rely on self-scaling of the Y axis.

• Change (scale or symbols, and so forth) in the middle of the graph.

• Use three-dimensional displays (unless the data are three-dimensional!).

• Use fancy art or borders to embellish the graphic.

An overriding principle…… “It is better to violate any design principle than to put 
graceless or inelegant marks on paper.”    ….Edward Tufte 

Page 71



Exercise 2



Exercise: Chart Critique and Design

Apply your new insights about graphical excellence! We will 
share four charts that are  in need of your suggestions for 
improvement. 

Please record your ideas, comments, and questions as we 
show each chart for a few minutes. 

Then share you thinking with your table.

Together, sketch an improved version of the chart applying 
graphical excellence principles.



Apply your insights about graphical excellence to 

improve Chart #1



Apply your new insights about graphical excellence to improve this chart! 

 Percent label 

redundant

 Lighten gridlines

 Remove chart 

border

 Abbreviate dates

 Delete legend and 

label series directly

 Adjust y-axis so 

limits use about 

50% of scale range

 What else?



Opportunities for improvement?

11.3%

3%

6%

9%

12%

15%

18%

Q3-12 Q4 Q1-13 Q2 Q3 Q4 Q1-14 Q2 Q3 Q4 Q1-15 Q2 Q3 Q4

Readmission Rate: P Chart

 Percent label 

redundant

 Lighten gridlines

 Remove chart 

border

 Abbreviate dates

 Delete legend and 

label series directly

 Adjust y-axis so 

limits use about 

50% of scale range

 What else?



Apply your new insights about graphical excellence to improve Chart #2



Opportunities for 
improvement?

EMEA

Asia Pacific

Americas

$0

$50,000

$100,000

$150,000

$200,000

$250,000

$300,000

$350,000

2002 2003 2004 2005

Revenues by Region



Apply your new insights about graphical excellence to improve Chart #3

Reseller 
Sales



Opportunities for improvement?
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Apply your new insights about graphical excellence to improve Chart #4



Opportunities for improvement?
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Source of website visitors



 Pie chart design makes it hard to 

differentiate between size of 

smaller segments

 Each category has its own color 

so colors convey no meaning

 No numerical information 

provided

 Needs informative title

Source of website visitors



Alternative design? 

How do customers find our website? 

Site visit source counts during 2021:



Scatter 

Plot

Pareto 

Chart

Frequency 

Plot

Shewhart ChartRun Chart



Scatter 

Plot

Pareto 

Chart

Frequency 

Plot

Shewhart ChartRun Chart

Five fundamental charts to visualize data for improvement



Does this change result in improvement?
Why do we need to 

plot data over time? 

The plot of points (in 

time order) conserves 

the information derived 

from the comparison or 

experiment and offers 

insights about what to 

expect in the future.
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expect in the future.



Does this change result in improvement?
Why do we need to 

plot data over time? 

The plot of points (in 

time order) conserves 

the information derived 

from the comparison or 

experiment and offers 

insights about what to 

expect in the future.



"Plotting measurements over time turns out, in my view, to be one of the 

most powerful devices we have for systemic learning...  Several important 

things happen when you plot data over time.  First, you have to ask what data 

to plot. In the exploration of the answer you begin to clarify aims, and also to 

see the system from a wider viewpoint. Where are the data? What do they 

mean? To whom? Who should see them? Why?  These are questions that 

integrate and clarify aims and systems all at once...

If you follow only one piece of advice 

from this lecture when you get home, 

pick a measurement you care about and 

begin to plot it regularly over time. 

You won't be sorry.”

– Donald M. Berwick MD, 1995, 

National Forum for Quality Improvement in Health Care





Using Run Charts to 
support improvement



Scatter 

Plot

Pareto 

Chart

Frequency 

Plot

Shewhart ChartRun Chart

Five fundamental charts to visualize data for improvement



Shewhart’s Theory of Variation

A fundamental concept of the science 

of improvement is that variation in a 

measure has two potential origins: 

common causes and special causes.

Common Causes are 

inherent in the system 

over time, affecting 

everyone working in the 

system and all system 

outcomes.

Special Causes are not part of 
the regular system but arise 
because of particular 
circumstances or some “special” 
source of variation that can be 
assigned to some identifiable 
cause

HC Data Guide, p. 124

58



HC Data Guide, Figure 4.1, p. 12811/16/2023

Use of Shewhart’s Theory to Guide Improvement





These tools provide a basis for taking action in improvement efforts for reasons that include 
capacity to distinguish common cause variation from special cause variation in a measure. 

Shewhart Charts (also commonly known as Control Charts)









Hybrid Shewhart Chart of Covid-19 Reported Deaths in the U.S.

https://isqua.org/covid19-research-page.htm 11/21/20

https://isqua.org/covid19-research-page.htm
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Rational Subgrouping

The concept of 

subgrouping is 

important in using 

Shewhart charts 

effectively to support 

improvement.  

W. Shewhart, The Economic Control of Quality of Manufactured Product, p. 299



Rational Subgrouping with a U-chart

the greatest similarity among the data WITHIN each subgroup

and the greatest difference among the data ACROSS different subgroups.  

Subgrouping is to organize/ classify/ stratify data in a way that ensures the greatest chance for:
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Rational Subgrouping with a U-chart

the greatest similarity among the data WITHIN each subgroup

and the greatest difference among the data ACROSS different subgroups.  

Subgrouping is to organize/ classify/ stratify data in a way that ensures the greatest chance for:
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Frequency 
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Five fundamental charts to visualize data for improvement



Using frequency plots to make decisions

Choosing clinic A or B for your family

• both equal driving distance from home with free parking
• same satisfaction rating on Google
• Average wait time 45 minutes

Which do you choose?



X
X
X

Clinic A

Clinic B

NOW which do you choose?



Show all the data; 
good for exploratory 
analysis.

Visualise the location, 
the spread, modality, 
and symmetry for the 
distribution of a 
numerical measure.

Frequency Plot



Displayed here are the 
percentages of observations 
that fall into each range 
rather than the counts

Whole set = 100%

Relative Frequency Plot



Histograms in daily life





Frequency Plot of patient falls by time of day stratified by age (𝑛 = 100)

Age 50 

and below

Age 51 

and over



Frequency Plots: 
covid-19 
outcomes 
by age group



Frequency Plot for length of stay in days (𝑛 = 700 patients)

Reveal outliers, unusual 

data values, and patterns.

Gain insight into how data are 

measured, rounded, or recorded.



Frequency Plot for length of stay in days
(𝑛 = 700 patients)

Reveal outliers, unusual 

data values, and patterns.

Gain insight into how data are 

measured, rounded, or recorded.
Adjusting the measure and increasing 

the granularity of the x-axis bins 

reveals some interesting gaps.



Scatter 

Plot
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Chart

Frequency 

Plot

Shewhart ChartRun Chart

Five fundamental charts to visualize data for improvement



The Pareto Principle

Vilfredo Pareto (1848-1923)

Italian engineer, sociologist, economist, political scientist and 

philosopher

The Pareto principle (80/20):

‒ 80% of land in Italy owned by 20% of people

‒ Joseph Juran: 80% of the effects come from 20% of the causes



Pareto Chart

•Graphical display 

•Elements contributing most to a problem: source of 

complaints, incidents of harm, etc (frequency)

•Relative contribution; focus for greatest impact

• Like a frequency plot for categorical data





Vital few

Useful many



Pareto can be formatted many ways



Just over one-quarter of opportunities for 

improvement involved goals of care that 

were not discussed adequately.

A nice table with an important message.

Might that message not have been easier to discern and 

more compelling when displayed with a Pareto Chart?



Scatter 
Plot

Pareto 

Chart

Frequency 

Plot

Shewhart ChartRun Chart

Five fundamental charts to visualize data for improvement



Each point is placed 

on a scatterplot at a 

position that 

corresponds to 

values of the two 

variables (x, y) 

(𝑥1, 𝑦1)

(𝑥2, 𝑦2)

(𝑥3, 𝑦3)

X-axis: Explanatory Variable 
aka Predictor Variable or Independent Variable

Y-axis: 

Response 

Variable
aka Dependent 

Variable

Scatter Plots
 Effective display for trends, patterns, and relationship for two variables

 Useful to look at relationships between outcome and process measures

 Understand special cause signals on Shewhart Charts



Use color to 
encode 
information 
from an 
additional 
categorical 
variable.
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Default Scatterplot in Excel

Room for Improvement

Care bundle introduced to reduce 

Ventilator Associated Pneumonia
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Improving scatter plots



Scatter plots 

are also 

useful to 

define “super 

categories”.

The location 

or quadrant 

of different 

individuals or 

subgroups 

can lead to 

insights.



A variation of the 
Scatter Plot that 
incorporates a third 
variable represented 
by the size of bubble 
(population here). 

Color can be used to 
encode information 
about an additional 
another variable.

www.gapminder.org

Bubble Chart



https://blogs.sas.com/content/iml/2011/08/26/visu

alizing-correlations-between-variables-in-sas.html

A scatterplot matrix – with 

frequency plots on the diagonal –

is a good option for exploratory 

analysis, showing the distribution 

of each variable as well as potential 

associations between variables. 

Anderson’s 

“Iris data set” 

was introduced 

by R. A. Fisher in 

a 1936 paper.

https://blogs.sas.com/content/iml/2011/08/26/visualizing-correlations-between-variables-in-sas.html
https://blogs.sas.com/content/iml/2011/08/26/visualizing-correlations-between-variables-in-sas.html


Scatter 

Plot

Pareto 

Chart

Frequency 

Plot

Shewhart ChartRun Chart

Chart Selection Exercise



An improvement team seeks to reduce 
length of stay times in the Emergency 
Department. 

They design a PDSA cycle to assess the current 

system of patient flow and to develop ideas for 

improvement. You volunteer to prepare graphical 

displays to help them summarize results.

What types of charts will you create? 

Chart Selection Exercise: 

Reducing Length of Stay in the ED



An improvement team seeks to reduce 
length of stay times in the Emergency 
Department. 

For three weeks, ER staff recorded at the end of each hour: 

• the number of patients arriving during the hour, 

• the total time in the ED (arrival to discharge) for each patient 

• the reason for delay if a patient’s total time in the ED (arrival to 

discharge) exceeded 3 hours

Chart Selection Exercise: 
Reducing Length of Stay in the ED



Chart Selection Exercise: 
Reducing Length of Stay in the ED

• count arriving patients during the hour, 

• total time for each ED patient,  

• reason for delay if total ED time >3 hours

You volunteer to help the improvement team 

summarize data from the first PDSA cycle. 

ER staff recorded hourly data on: 

1. How long are patients waiting? Are there any unusual 

patterns resulting from the measurement process?

Which chart or charts should we use?

Please type your chart choice and comments into the chat window.



1. How long are patients waiting? Are there any unusual patterns 
resulting from the measurement process?

Use a FREQUENCY PLOT



Chart Selection Exercise: 
Reducing Length of Stay in the ED

• count arriving patients during the hour, 

• total time for each ED patient,  

• reason for delay if total ED time >3 hours

You volunteer to help the improvement team 

summarize data from the first PDSA cycle. 

ER staff recorded hourly data on: 

2. What are the main reasons for delays when patients end 

up staying in the ED for a long time?

Which chart or charts should we use?

Please type your chart choice and comments into the chat window.



2.  What are the 
main reasons for 
delays when 
patients end up 
staying in the ED 
for a long time?

29%
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8%

6%

6%

5%

5%
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multiple consultations

File making process

critical care management

transition to ward

specialist on call is late

delay in reports

patient personal issues

wait for vacant bed

initial ED treatment issue

Count of patients

Reasons for ED stays longer than 3 hours

Use a PARETO CHART



Chart Selection Exercise: 
Reducing Length of Stay in the ED

• count arriving patients during the hour, 

• total time for each ED patient,  

• reason for delay if total ED time >3 hours

You volunteer to help the improvement team 

summarize data from the first PDSA cycle. 

ER staff recorded hourly data on: 

3. How does the volume of patients in the ED affect 

wait times and patient flow?

Which chart or charts should we use?

Please type your chart choice and comments into the chat window.



3. How does 
the volume 
of patients 
in the ED 
affect wait 
times and 
patient 
flow?

Minutes

Number of 

patients in ED

ED wait times vs patient volume

Use a SCATTER PLOT



Chart Selection Exercise: 
Reducing Length of Stay in the ED

• count arriving patients during the hour, 

• total time for each ED patient,  

• reason for delay if total ED time >3 hours

You volunteer to help the improvement team 

summarize data from the first PDSA cycle. 

ER staff recorded hourly data on: 

4. Do we have a stable system of patient flow in the ED?

Which chart or charts should we use?



4. Do we have 

a stable 

system of 

patient flow 

in the ED?

Use a 

𝑿-Bar 

Chart

and a

S-chart



Scatter 

Plot

Pareto 

Chart

Frequency 

Plot

Shewhart ChartRun Chart



HCDG, Page 292

112
Deductive and Inductive Statistical Approaches



113
Comparison of Shewhart 

Chart and Statistical 
Inference

HCDG, 2nd ed, Page 294

t-statistic = 7.92, P<.001



114 Comparison of 
Shewhart Chart with 
Special Cause and 

Statistical Inference

HCDG, Page 295



CONCLUDING SUMMARY
Through QI methodology, leveraging PDSA 
cycles and SPC charts, we optimized an 
anesthesia protocol for strabismus surgery 
that eliminated the need for intraoperative
opioids without increasing postoperative 
morphine requirements and achieved zero 
PONV rescue medication administration. We 
present our methods of using real-world data 
to improve our pediatric population’s 
outcome measures and successfully 
established an opioid- free, nausea-free 
protocol for strabismus surgery not
previously published.

Chiem JL, Donohue LD, Martin LD, Low DK. An 

Opioid-free Anesthesia Protocol for Pediatric 

Strabismus Surgery: A Quality Improvement Project. 

Pediatr Qual Saf 2021;6:e462. August 26, 2021 115



Understanding variation and the “story” in the data.



Context matters…

Extermeironingrivelin.jpg (960×1280) (wikimedia.org)

https://upload.wikimedia.org/wikipedia/commons/d/dc/Extermeironingrivelin.jpg


Qualitative versus Quantitative Data

QuaLitative QuaNTitative

Data Non-numeric, Things we cannot measure 
or count: love, gaining maturity, mutual 
respect; experiences, feelings, perceptions, 
beliefs, insight

Numeric: Things we can measure and 
count

Data provide Description Measurement

Learn About Meaning, Experience, Context, 
Culture/Climate

Trends, Magnitude, Amount

Goal Depth Generalisability

Truth? Bias? Subjectivity

Slide adapted from Jane Taylor and Donna Luff



Slide credit: Donna Luff, IHI Scientific Symposium

What you might 
want to learn 

about…

• What the current system means from 
different perspectives  (clinicians, patients, 
families, communities etc.)

Meaning

• The experience of improving a system or 
implementing an intervention

Experience

• The context in which new implementation is 
introduced

Context

• The safety culture/climate of an organisation
or aspects like joy in work

Culture 



Data Types and Sources

Cartoon from http://sheilabrobinson.com/tag/surveys/

Words
Deeds

Docs

interviews, 
focus groups, 
autobiography, 
oral history

observation, video

letters, feedback, 
open-ended survey 
questions, policies, 
books

http://sheilabrobinson.com/tag/surveys/


What CAN we learn from these data? 
What CAN’T we learn? Variation at the level of hospital

Slide Credit: McPherson (2014), IHI Scientific Symposium.

Data from Best Fed Beginnings Initiative, National Institute for Children’s Health Quality



A window into the why behind variation: Voices from 
project participants

“Some nurses and pediatricians still want to grab the old formula bottle—too easy! Even 

with education [they] want to follow old paths.”

“Gaining buy-in from the physicians has been difficult at best.”

“Numerous staffing and administrative changes in that unit have made implementation of 

standard teaching [on breastfeeding] an ongoing challenge.”





Paul Brodeur, quoted in Mukherjee's Emperor of all Maladies: A 

Biography of Cancer

"Statistics are human 
beings with the tears 
wiped off." 
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