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Learning Objectives

• Learnings as a core tool applied to healthcare quality improvement, 

benefits, limitations, and facilitating factors related to such application

• Understand process variations and process capability - Interpretation of control 

charts

• Efficacy of Control Charts in healthcare quality improvement and sustainability

• Impactful approach for ongoing improvement of systems, processes, and 

outcomes, process thinking, stratification, stability, capability, and how healthcare 

quality improvement professionals can add value to their HC Quality improvement 

objectives 



Statistical Process Control

• Typically used for quality control

• Developed in the 1920s at Bell Telephone Laboratories by Walter Shewhart 

to aid in the production of telephone components that were of uniform quality

• Based on the theory of variation

• Long history of use within manufacturing

• Gaining popularity in healthcare

• The Joint Commission uses SPC to analyze hospital performance

• A key SPC tool is the control chart, which is the focus of this presentation
– Combines time-series analysis with graphical representation 

of data



Walter A. Shewhart (March 18, 1891 – March 11, 1967)

An American physicist, engineer 

& statistician.

“ Father of Statistical quality control”

& “Shewhart cycle”.

1920s



W Edwards Deming(October 14, 1900 – December 20, 1993)

An American engineer, statistician, professor, 

author, lecturer, and management consultant.

Deming championed the work of Walter Shewhart, 

including “Statistical Process Control”, “Operational 

definitions”, & “ Shewhart Cycle”

In 1986, Dr. W. Edwards Deming reintroduces the 

Shewhart Cycle



• SPC is a philosophy, a strategy, and a set of methods for the ongoing 

improvement of systems, processes, and outcomes. 

• The SPC approach is based on learning through data and has its foundation in

the theory of variation (understanding common and special causes).

• The SPC strategy incorporates the concepts of an analytic study, process

thinking, prevention, stratification, stability, capability, and prediction.

• SPC incorporates measurement, data collection methods, and planned

experimentation – guiding healthcare quality professionals in reducing

variations in the process and providing clarity towards improvement –

sustainability

SPC Efficacy 



SPC Chart application 
to 

Health Care System



System

Of

Profound

Knowledge



1. Appreciation of a System

2. Understanding Variation

3. Building Knowledge

4. Human side of 
change/Psychology

(Thinking statistically - not becoming statisticians)

System of Profound Knowledge



Q. 1 What are we trying to accomplish?

Q. 3 What design changes can we make

that may result in an improvement?

Q. 2 How will we know a change 

is an improvement?

Role of measurement in quality improvement

(Smart) Aim

Measures, Statistical analysis (variation)

Changes Testing Ideas (PDSAs)



Outcome: 
Indicates how the system is performing

- Number of Falls
- Surgical Site Infection rates

Process: 
Logically connected to the outcome measure, typically  shows improvement before the outcome 
measure

- Wait time
- Turn Around Time
- Falls prevention bundle

Balance:
Indicates unintended consequences
- Patient Satisfaction
- Costs -Re-admission

Types 
of Measurements



Healthcare System Healthcare Processes



Various Processes Facing challenges



Healthcare 

PROFESSIONALS

Will Execution Ideas



Planning 

is only 

the

1st

step in 

the Juran 

Trilogy

Quality Planning
Activities

Original Zone of 
Quality Control

New Zone of 
Quality Control

Quality Improvement
Activities

Lessons Learned

Design a 
Quality System

Manage the 
System

Improve the 
System



7 to 33
Basic

To 

Advance 

QI Tools

1. Brainstorming

2. Affinity Diagram

3. Norming Group Technique

4. Check sheet  

5. Delphi Technique

6. Activity Network Diagram

7. Deployment Chart

8. Histogram & Bar chart

9. Cause & Effect Diagram

10. 5 Whys

11. Why why Diagram

12. Pareto Analysis

13. Scatter plot Diagram

14. Is –Is  not tool

15. FMEA

16. Prioritization Matrix

17. Interrelationship Diagram

18. Tree Diagram

19. Driver Diagram

20. Process Decision Program Chart

21. Flow chart / PF Mapping

22. Force Field Analysis

23. Gantt Chart

24. Story Board

25. Visual Management Board

26. 5 “S”

27. Lotus Diagram

28. Event & Causal Factors Chart

29. Pictograph

30. Pie Chart

31. Web Chart

32. Run Chart

33. SPC Chart



PROCESS FLOW 

CHART

2

PROBLEM 

STATEMENT

1

BRAINST     RMING

3



FISHBONE 

DIAGRAM OR

CAUSE & EFFECT 

ANALYSIS

54
AFFINITY DIAGRAM



6
PARETO ANALYSIS



SMART Aim

Change ideas



Data Example:

✓ 038280

✓ 6.3

Information Example:

✓ Dr. G’s HMC Cop.#

✓ Dr. G’s height 

InformationData

Processed Organized Contextual UsefulRaw material Unorganized facts

v/s



Methods of Gathering Data

Observation Interviews Service Review Record Review 

• Medical 
records

• Time 
sheets

• Tally 
sheets



Data

Discrete

Qualitative

Categorical

Quantitively

Numerical

Ordinal

Nominal

Continuous

Variable:

The value within the range, 

average, group, e.g., Ht, Wt, 

Tp, BP, Qr / $, Kms/Miles, Time

Ordered:

Degree of  pain-tumor  grade 

(A,B,C.., 1-5,6-10,11-15

Not ordered: 

Categorization of data as gender-

blood type, Birth

Attribute:

Count data, such as the 

number of visit ortho clinic, 

pts. fall, %, Rate

Understanding 
Data



Data
Collection 
Plan



Tools For Detecting Change

LINE CHARTS

• No decision rules

• Ocular tests only

• No median or mean

• May be single or multiple lines

• No upper & lower control limits

RUN CHARTS

• Decision rules (50/50 principle)

• Minimum 6 data points

• Median

• Single run

• No upper & lower control limits

CONTROL CHARTS

• Most sensitive tool to detect a 

change

• Mean

• Upper & lower control limits



“ Y ”
Axis – e.g. 

% Compliance
XYZ…

“ X ” Axis – e.g., Time (Days, Weeks, Months etc.)
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MEDIAN: 45

Target: 95%

WC Hospital ABC In-patient Unit XYZ % Compliance Status:

Baseline:
30

• Baseline

• Study the problem over time

• Measure the impact of changes

• Right solutions

Run 
chart



Distribution of Data shape
Normal distributions Skewed distributions

SPC -Charts

Run-Charts



Mean v/s. Median

• Both Mean and Median (statistical measures) are used to describe the 
location of a set of data

• If both (Mean and Median) are considerably different, this indicates that the 
data are “Skewed” i.e., they are far from being normally distributed and the 
set of data is not having “Normal Distribution”

• So, the Median gives a more appropriate idea of the data distribution.

• If they are not too different, then use the Mean because it is likely that such 
data set is having “Normal Distribution” and not “Skewed”

• Mean is needed to calculate Standard Deviation (SD), which is the most 
prominent measure to assess the variability in a set of data.



Why is the mean the most accurate?

• Mean is not a Robust statistic. It is more sensitive to the existence 

of outliers than the Median or Mode

• Mean is the most accurate way of driving the central tendencies of a group 
of values, not only because it gives a more precise answer but also because 
it considers every value in the list.

• Also, it is important to detect outliers within a distribution because they can 
alter the results of the data analysis

• Conversely, the Median is a robust statistic because it has a breakdown 
point at 50%. It’s “Robust against Outliers”



“If I had to reduce my message 
to management to just a few 

words, 

I’d say it all has to do with 
reducing unnecessary 

variation.”

-W. Edwards Deming



Understanding Variation

• Variation exists and permeates all processes. 

• No two things are exactly alike. 

• The problem we face is to be able to measure the extent of 
the variation and to establish to what degree the variation 
matters and to whom it matters.



Write the letter “a” eight times on a piece of paper using your 

dominant hand.  

Make all of them the same.

___ ___ ___ ___ ___ ___ ___ ___

Are they exactly the same ? 

Why or why not ?

Common and Special Cause Variation



Common and Special Cause Variation

Write the letter “a” three times using your 

dominant hand, 

and three times with your other hand, 

then three times with your dominant hand.

Make all of them the same.
___ ___ ___ __ ___ ___ ___ ___

Are they the same ? 

Why or why not ?



Types of Variation

Common Cause Variation

• Is inherent in the design of the 

process

• Is due to regular, natural or ordinary 

causes

• Affects all the outcomes of a process

• Results in a “stable” process that is 

predictable

• Also known as random or 

unassignable variation

Special Cause Variation

• Is due to irregular or unnatural causes 

that are not inherent in the design of the 

process

• Affect some, but not necessarily all 

aspects of the process

• Results in an “unstable” process that is 

not predictable

• Also known as non-random or 

assignable variation



• You could have a non-random variation that represents a very good result (e.g., a low 

turnaround time), which you would want to emulate.  Non-Random merely means that 

the process is unstable and unpredictable.

A

Variation: Is it  good ? or Is it bad?

• Common Cause (random)  Variation does not mean “Good 
Variation.”  It only means that the process is stable and predictable.  

• For example, if a patient’s systolic blood pressure averaged around 165 and was 

usually between 160 and 170 mmHg, this might be stable and predictable but 
completely unacceptable.

• Similarly, Special Cause (non-random) Variation should not be viewed as “Bad 
Variation.”  



Two Types of Special Causes

Unintentional

When the system is out of control and 

unstable due to unexpected forces

Intentional

When we’re trying to change 

the system

Holding the Gain: Isolated Femur Fractures
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What’s your observation?



Subgroup them into meaningful segments 



Variation: What we shall know?

Variation in Healthcare Is an Opportunity for Improvement

Intended  v/s. Unintended variation!

Can we measure variation in the ”Process”? 

– Voice of Process?

Are we aware of our system, 

where do we wish to improve our process?

– Voice of Customer ?



Specification limits v/s Control limits

• Specification limits are the voice of 
Customers.

• Control limits are the voice of the 
Process.

• CLs are limits of variation that is 
expected from a process when the 
process is said to be in Statistical 
control.

• CLs are calculated from Process itself.

• CLs are of two types UCL and LCL

*UCL = Mean +3 x SD and 

*LCL = Mean -3 x SD 

• Specification limits are set by 
Customers. As VOC.

• SLs represent the Value that the 
customer required.

• Anything beyond the SLs is considered 
rejected(Defective) or needs rework.

• Two types of SLs. USL and LSL 

• SLs are used to determine Process 
Capability(PC) and Sigma value 



Specification limits v/s Control limits

Quick Recap…..
✓CLs – VOP
✓SLs – VOC
✓CLs – How the Process is doing
✓SLs – What we want the process to do
✓CLs – Calculated from Data
✓SLs – Defined by Customers 



Why Should We Consider Using a Control Chart?

• Differentiates true change from random noise

• Emphasizes early detection of meaningful change



Uses of Control Charts

• Monitor process measures

• Identify early signs of correlation between processes 
and outcomes

• Identify differences across groups

• Aid self-management interventions
• Monitor changes in individual patients (e.g., clinical outcomes, patient 

experience, financial measures)

• Determine the time from implementation to effect



When to use a Control Chart

• When controlling ongoing processes by finding and correcting 

problems as they occur

• When predicting the expected range of outcomes from a process

• When determining whether a process is stable (in statistical control)

• When analyzing patterns of process variation from special causes (non-
routine events) or common causes (built into the process)

• When determining whether your quality improvement project should aim 
to prevent specific problems or to make fundamental changes to the 
process 



When Not to use Control Chart

• When your data represents not 
have the Normal  distribution, 
but a  Skewed distributions 

• When you review variation around the agreed target, 

which provides a false signal 

– as the random data hit 

the target occasionally 



What is Process Capability 

• Process capability is defined as a 
statistical measure of the inherent 
process variability of a given 
characteristic. 

• i.e., a Quantifiable comparison of 
VoC & VoP

• You can use a process-capability 
study to assess the ability of a 
process to meet specifications.

• Process capability means the ability of 
the process to achieve desired results
that meets the customer specification
and statistical limits in a consistent 
manner.



Process Capability Example…



What is Cp and Cpk

• Process capability can be further broken down into two values:

1. Cp = Process Capability

2. Cpk. = Process Capability Index

• The purpose of Process Capability (Cp) is to measure how much an
output – varies, and whether those outputs stay within an
acceptable tolerance range as defined by an upper(USL) and lower
Specification limits(LSL).

• The Process Capability Index (Cpk) measures how closely the
range of those values is centered between the two limits.



What is Sigma Level & Cp/Cpk to Sigma Estimator….



What is 68 – 95 -99.7 % Rule



What is a Sigma Limit ? 

• The UCL and LCL are known as *Sigma 
Limits.

• The challenge is to develop appropriate 
estimates of the dispersion (variation) 
for the process measure.

• But, each type of control chart has its 
own formula to calculate the *sigma 
limits.  

• The challenge is to use the most 
appropriate statistical calculations for 
each type of Shewhart chart.



“Sigma” and “Standard deviations” same? 

• The UCL and LCL are known as Sigma Limits.

• They ARE NOT standard deviations!

• The standard deviation (sd) is a statistic of a fixed distribution.  

• Sigma Limits are parameters of a process that is changing over time.

“Typically, standard deviation refers to the variability 
within a sample, whereas 

‘sigma’ refers to the variability in a population”



Why are we using 3 Sigma Limits? 

• Shewhart’s and Deming’s rationale for the use of Shewhart’s three-
sigma limits

• The limits have a basis in statistical theory.

• The limits have proven in practice to distinguish between special and 
common causes of variation.

• In most cases, the use of the limits will guide the variation in the 
process, which QI experts can analyze the special or common cause of 
variation in the process – focusing on how to further the QI team can 
reduce the variation to make the process at its optimum stability. 



Understanding Control chart Sigma limits 



Control chart: 

"IN CONTROL" 

• Three characteristics of a process that is in 
control are:

• Most points are near the average

• A few points are near the control limits

• No points are beyond the control limits



Control chart: 

"A special cause" 

• present in the process if any 
points fall above the upper 
control limit or below the lower 
control limit. 

• Action should be taken to find 
the special cause



Rules for Detecting Special Causes

Rule 1 - A single point outside the control
limits

Rule 2 – Eight or more consecutive points
above or below the centerline

Rule 3 – Six consecutive points increasing
(trend up) or decreasing (trend down)

Rule 4 – Two out of three consecutive
points near a control limit (outer one-
third)

Rule 5 – Fifteen consecutive points close
to the centerline
(inner one-third)



Features of an SPC Chart



Identifying Significance in an SPC Chart: Examples



C-chart

U-chart

P-chart

XmR(i)-chart

X bar S-chart

There is one preferred way to make the Run Chart but 
many options when it comes to deciding which 

Shewhart chart is most appropriate for your data!

XmR-chart

np-chart

T-chart

G-chart



Data

Discrete

Qualitative

Categorical

Quantitively

Numerical

Ordinal

Nominal

Continuous

Variable:

The value within the range, 

average, group, e.g., Ht, Wt, 

Tp, BP, Qr / $, Kms/Miles, Time

Ordered:

Degree of  pain-tumor  grade 

(A,B,C.., 1-5,6-10,11-15

Not ordered: 

Categorization of data as gender-

blood type, Birth

Attribute:

Count data, such as the 

number of visit ortho clinic, 

pts. fall, %, Rate

What type of  
Data?



Continuous Data                  Discrete Data                  

Difference between Continuous & Discrete Data

It is measurable on a scale It is countable

The data falls within finite or infinite range The data has only finite number

Can be broken into subcategories Can’t be broken since it is a whole number

The frequency is depicted in histogram,
where skewness is shown clearly

The values take a distinct value hence it is 
represented in bar diagram, skewness can’t 
be seen

Values are allowed to group within the range The values are individual values

E.g., Temperature of the person, Height,
Weight, Age, Time, Cycle time taken to
complete a task, etc.

E.g., No. of computers, No. of students, No. 
of books, No of certificates, No. of errors, 
etc.



Indicator

Examples of Variables (Continuous) Indicators

Time to clean an inpatient room (in minutes)

Patient satisfaction scores for subgroups of 15 patients in the outpatient clinic

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

Average turnaround time for all STAT labs done each day

Average length of stay for a subgroup of 20 ICU patients

Cost for each normal delivery



Indicator

Examples of Attributes (Discrete) Indicators

Every week each medication order is checked against five potential types of errors. The
total number of errors for the week is divided by the total number of orders submitted
that week.

Each day you record the number of films requested and the number that cannot be found
in the radiology library.

The dietary department records the number of food trays that come back uneaten each
day and the total number of trays they produced for that day.



Indicator

Every 2 weeks you pull a stratified sample of 30 medication orders and count the total
number of orders that have one or more errors.

The ICU nurses want to evaluate the ventilator-associated pneumonia (VAP) rate. So, every
2 weeks they record the total number of pneumonia episodes and the total number of vent
days.

The number of inpatient restraints each month is placed over the total inpatient days each
month.

Percentage VTE compliance of Risk Assessment within 24 hr. of Inpatient unit admissions 
weekly.

E.g., of Attributes (Discrete) Indicators…



The Type of Control Chart Is Based on Your Data and 
Needs

Variables Data ?
Or

Attribute data ?



Sampl
e Size 
(n) ?

n=1

n = 2 to 9

n = >10

X-MR(i)
Chart

XBar-R
Chart

XBar-S
Chart

Continuous data Discrete data

# of 
Defects 
per unit

Sample 
size 

Constant 
?

Sample 
Size 

Constant 
?

C
Chart

U
Chart

np
Chart

P
Chart

Multiple/Defect Single/Defective

Yes NO

Yes NO

Selection 

of 

Control 

Chart

Variables 
Or

Attributes 
Data ?

Variables data Attributes data



Some of the Control chart limitations

• Requires frequent measurement 

• Less data than traditional regression analysis (e.g., fewer sites or 
subjects), but control charts are only useful with data over many 
time periods

• Involves some degree of autocorrelation

• Problem amplified with more frequent measurement 
(e.g., hourly vs. daily)

• Can reduce by using measurements 3 to 4 periods apart



Limitations

• If the process is not a normal distribution

• If the variables are independent of each other

• Lack of Special training - Requires expert consultation for initial use

• Misplaced or incorrect calculation of Control limits

• False Alarms

• Time, Cost, Downtime

• Inadequate understanding of Type – I and Type–II errors or Alfa 
and Beta errors
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Thank you
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