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Objectives for today

• Understand when to recognize a signal in run and control 
charts.

• Understand when and why to freeze and extend the center line 
and limits.

• Understand when to shift the center line and limits.
• Review sampling methods.
• Discuss sample size considerations. 



What Do we Do With A Signal?

• Signals can be evidence of improvement
– That changes are adding up to improvement

• Signals can be evidence that things got worse
– Changes caused unexpected degradation of process 

or outcome
– Something else entered the process resulting in a 

signal
• Action when seeing a signal?

– Go learn from signal and take appropriate action



Perla, BMJ Qual Saf, 2011

Run Chart Rules for non-randomness



Control Chart Rules for Special Cause

Provost and Murray, The Health Care Data Guide: Learning from Data for Improvement, 2011.



“Special Cause” in Run vs. Control Charts

Rule Run Charts Control Charts

Consecutive increasing or 
decreasing points

5 (6) 6

Number of points on the 
same side of the center 
line.

6 (8) 8

Astronomical point One “unusual” point One outside the UCL or LCL

Points around the center 
line

Too few or too many 
crossings of center line

15 around the inner third

2 out of 3 in the outer third N/A Yes

Center line Median Mean

Control Limits No Yes (+/- 3 SD)



Establishing a Baseline

Provost and Murray, The Health Care Data Guide: Learning from Data for Improvement, 2011.



Proper Use of the Median 

• When should we apply a median?
– Will depend on your situation

• If very little data baseline median may be only a few data 
points

• If want to apply probability-based rules for analysis of 
run chart need 10 data points for median

– If graph shows no signals (shift, trend, runs astronomical) 
and median made from 10 or more data points freeze and 
extend median into the future
• This will result in earliest possible detection of signals



If median is not frozen / extended will be a delayed detection of signals

Provost and Murray, The Health Care Data Guide: Learning from Data for Improvement, 2011.



Trend Lines on Run Charts

• Place only if detect signal on run chart

Provost and Murray, The Health Care Data Guide: Learning from Data for Improvement, 2011.



• No signal of improvement on chart
• Improper to use trend line

Provost and Murray, The Health Care Data Guide: Learning from Data for Improvement, 2011.



A PRACTICAL EXAMPLE OF USING CHARTS 
DURING A PROJECT



Starting with a Run Chart – establish a baseline

Posencheg, Harvard TH Chan School of Public Health, HPM 506, 2018



Testing Changes - frozen and extended center line

Posencheg, Harvard TH Chan School of Public Health, HPM 506, 2018



Detecting a signal – shifting the median

Posencheg, Harvard TH Chan School of Public Health, HPM 506, 2018



Changing (Updating) Limits
When should new limits be calculated?
• When data shows a clear change;
• Change can be explained (or persists a long time);
• And the change is expected to last.  

Why calculate new limits?
• Compare ongoing process to ‘new’ baseline; 
• Better describe/illustrate your work. 



Moving from a run to a control chart

• Ideally should have 15-20 points before converting from a run 
chart to a control chart.  

• Can have “trial mean” and “trial limits” with as few as 12 
points, but should then update limits after 20.

• Some knowledge of system and subjectivity almost always 
needed. 



Moving from Run to Control Chart

Posencheg, Harvard TH Chan School of Public Health, HPM 506, 2018



Moving to a Rare Events Chart

Posencheg, Harvard TH Chan School of Public Health, HPM 506, 2018



SAMPLING METHODS AND SAMPLE/SUBGROUP 
SIZE CONSIDERATIONS



Determining Sample or Subgroup Size

• As with all statistical methods, sample size is an important 
component of sensitivity to detect change (power)

• Larger subgroups produce control charts with greater power to 
detect change

• Downside: greater sampling cost, less frequent subgroups
• Rules exist to help determine minimum subgroup size to 

optimize statistical properties



Principles to consider for sampling in QI

• The reason you are collecting the data (getting ideas, making 
comparisons, demonstrating improvement).

• The type of data you are collecting (attribute needs more data 
than continuous).

• The expected rate of the attribute of interest (smaller rate 
needs a larger sample size).

• Availability of data and resources available to collect.
• Importance or expected visibility of the data (team members 

vs. others/senior leaders).



Non-probability Sampling 
Methods
• Convenience sampling

• Quota sampling

• Judgment sampling

Probability Sampling Methods
• Simple random sampling

• Stratified random sampling

• Stratified proportional random sampling

• Systematic sampling

• Cluster sampling

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

Sampling Methods

Do you need to pull a 
sample or do you take 

every occurrence of the 
data (i.e., collect data for 

the total population)



So how many samples do I need per time period?

• Larger sample size equals 
greater precision. How 
much do you need?

• Improvement is easier to 
see as the sample size 
increases from 1 to 50.

1

5

10

20

50

Provost and Murray, The Health Care Data Guide: Learning from Data for Improvement, 2011.



Additional Guidelines for Sample/Subgroup size

Situation Data Points Required
Expensive tests, expensive prototypes, long periods between 
available data points, large effect size anticipated

Fewer than 10

Desire to discern patterns including improvements that are 
moderate or large

11 – 50

The effect of the change is expected to be small relative to the 
variation in the system.

51 - 100

Adopted from Provost and Murray, The Health Care Data Guide: Learning from Data for Improvement, 2011.



Key principles for subgroup size in attribute control 
charts

1. No more then 25% of the subgroups should have a value of 0 
or 100 (be on the minimum or maximum of the chart).

2. If “p” is the average of your control chart (value of the center 
line), a common guideline for subgroup size is 300/p.

3. Control charts should have both a lower and upper control 
limit.

As you move from principle 1 to 3, the subgroup size gets larger!



Minimum Subgroup Size for P Charts

Provost and Murray, The Health Care Data Guide: Learning from Data for Improvement, 2011.



Example – Reducing Readmissions

• You have a baseline rate of 8% readmissions and want to 
reduce them, how many discharges should be contained in 
each subgroup?
– 17 per group to have < 25% of the points at zero.
– 38 per group based on the convention of 300/p – (300/8 = 38).
– 104 per group to ensure the chart has a LCL

• Depending on how many patients you discharge per day, this 
data could be analyzed daily, weekly, or monthly.



Summary

• Start with run charts when beginning a project.
– Remember to freeze and extend your median once establishing a baseline.

• Convert to the appropriate control chart for your variables when 
you have enough data (usually more than 20 data points).
– Remember to freeze and extend your mean, UCL, & LCL

• Rules are available for both run and control charts to determine if 
your process is in control and/or whether your improvement 
efforts are successful.

• Sample or subgroup size can be determined for each type of chart 
based on guiding principles of QI.
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