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What Is a Control Chart?
A control chart is a line graph of your data with average and sigma lines to determine
stability. The average and sigma lines (+1, 2 and 3 sigma) are calculated from the data.
The Upper Control Limit (UCL) is the +3 sigma line and the Lower Control Limit (LCL)
is the -3 sigma line. Approximately 99.7% of all data points will fall between these two
limits.

What Does a Control Chart Tell You?
A control chart will tell you whether your process is stable or unstable. A stable process
produces PREDICTABLE RESULTS CONSISTENTLY. Processes that are "out of
control" need to be stabilized before they can be improved.

Stability Analysis
The QI Macros for Excel SPC Software identifies unstable points or trends for you and
highlights them in red. Unstable conditions include the following:
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QI Macros lets you select from a variety of rules. The default is Montgomery. Healthcare
uses special rules that can be selected from the Control Chart Rules Menu.

There are two different causes of variation:
•
•

Common causes of variation happen all the time, every day. Getting from your
home to school or work takes varying amounts of time because of traffic or
transportation delays.
Special causes require immediate analysis to eliminate the root cause of variation.
A blizzard, a traffic accident, a chemical spill or other freak occurrence would be
a special cause of variation in your commute.

Any point outside the upper or lower control limits is a clear example of a special cause.
The other forms of special cause variation are called "runs." Trends, cycling up and
down, or "hugging" the center line or limits are special forms of a run.
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Recalculating Control Chart Limits to Show Process Changes
Generally, you can use QI Macros Chart Menu to fix control limits using your first 20 to
25 data points and then use those limits to evaluate the rest of your data. If you have a
process change, you should recalculate your control limits beginning with data after the
process change occurred.
Use QI Macros Process Change Wizard to recalculate limits to show the success of
process improvement efforts. Success is shown by the change in the average or center
line and the reduced variation (difference between the UCL and LCL). In the following
example, the process improvements reduced patient falls per 1000 patient days from 5.84
to 4.27 and significantly reduced variation as evidenced by the distance between the UCL
and LCL.

Using Control Charts to Compare Data from Different Processes
You can also use control charts to compare different processes side by side. If you are in
healthcare, you could compare data for several different doctors, hospitals, floors, etc.
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If you are in manufacturing, you could compare data from different machines, lots,
batches, etc.

In the following example we used data taken from a case study on the government’s
statistics website: http://www.itl.nist.gov/div898/handbook/ppc/section5/ppc521.htm
The essence of the case study is that:
•
•
•

A machine shop has three automatic screw machines that produce various parts.
The shop has enough capital to replace one of the machines.
The quality control department has been asked to conduct a study and make a
recommendation as to which machine should be replaced.

If you run side by side control charts you can see that Machine 3 has the most variation
(greatest distance between UCL and LCL). Based on this analysis you would replace
machine 3.
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Which Control Chart Should I Use?
One area that many people struggle with is choosing the right control chart. The right
chart is based on the type of data, attribute (counted) or variable (measured), and the
sample size.
The QI Macros Control Chart Wizard and Control Chart Template Wizard can analyze
your data and select the right control chart for you. Simply click and drag over your data
to select it and then select Control Chart Wizard from the QI Macros Menu. The wizard
can select the right chart and only needs to ask one question when it is trying to
determine between a p and u chart.

If you want to understand how to choose the right chart, here are some tips:
These are the most common control charts in healthcare:
Number

Control Chart

Decimals
(3.4, 87%, $2.45)
One per day, month

•
•
XmR

integers (1,3,5)
numerator
denominator

p/u chart

Integers
Days or counts

g Chart

integers (1,3,5)
No denominator
Decimals
Multiple per day

•
•
•
•
•
•
•

Examples
Time (door-to-balloon time)
Ratios (e.g., falls per 1000 patient days,
infection rate per 1000 patient days)
Patient Satisfaction (%)
Financial Data (e.g., Denied Insurance Claims)
c-sections/deliveries
returns/surgeries
readmissions/discharges
Adverse Drug Events/doses
time or procedures between Never Events
o retained foreign objects
o adverse events
o wrong side surgeries

c Chart

•

Injuries, needle sticks

XbarS

•
•

Patient Length of Stay (LOS)
Turnaround times for Lab/imaging
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For attribute (i.e., integer or counted defects) data use np, p, c and u charts:
• If you are counting defective items (e.g., incorrect orders)
o use a np chart if the sample size is constant
o use a p chart if the sample size varies
• If you are counting the number of defects (e.g., number of errors on an order)
o use a c chart if the sample size is large or not available
o use a u chart if the sample size varies
• If you are using a ratio of defects/period (e.g., patient falls/1000 patient days)
use the XmR chart
For variable or measured data (i.e., decimal) such as time, cost, length, weight, etc.
use XmR, XbarR, and XbarS Charts:
• If the sample size is one, use an XmR chart
• If the sample size is 2-5, use an XbarR chart
• If the sample size is 6-25, use an XbarS chart
When working with data in Excel, follow a simple strategy for selecting the right chart
based on the format of the data itself. There are three formats to look for:
1. A single row/column.
2. Two rows/columns with a numerator and a denominator.
3. Two or more rows/columns containing multiple observations from each sample.
They look like this:

Single Row/Column
If you only have a single row/column of data, there are only three charts you can use:
• c chart (attribute or counted data) – It's always an integer (e.g., 1,2,3,4,5)
• XmR chart (variable or measured data) – It usually has decimal places
(e.g., 33.75)
• XmR Trend chart for variable data that increases (e.g., rising costs due to
inflation)
So, which one should you choose? If you're counting indivisible things like defects,
people, cars, or injuries, then choose the c chart. If you're measuring things like time,
length, weight, or volume, choose the XmR chart.
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The data looks like the following:
c Chart

XmR chart

XmR Trend

Increasing or decreasing time,
defects, people, cars, time, money, length, weight,
money, length, weight, or
injuries
or volume
volume

Look for these patterns in the data and then select the chart.
Two Rows/Columns
If the data has a numerator and a denominator that varies (e.g., defects/batch,
errors/transactions), then you will want to use the:
•
•

p chart (one defect maximum per piece)
u chart (one or more defects per piece)

How can you tell which one to use? Ask yourself: "Can this widget have more than one
defect?" If yes, use the u chart, otherwise use the p chart.
p Chart

u Chart

Defective items per batch

Defects per item

Sometimes, as in the u chart example above, you can have more defects than samples.
This is another clue. Look for these patterns in the data and then select the chart.
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Two or More Rows/Columns of Variable Data
Service industries such as healthcare don't use the XbarR or XbarS charts very often.
They are mainly used in manufacturing. If you have two or more rows or columns of
variable data (time, weight, length, width, diameter, or volume) then you can choose one
of three charts:
•
•
•

XbarR (Average and Range, 2-5 rows/columns per sample)
XMedianR (Median and Range, 2-5 rows/columns per sample)
XbarS (Average and Standard Deviation, 6-50 rows/columns per sample)

Your data should look like this:

You can run the XbarR, XMedianR or XbarS on this data. Xbar uses the average as the
measure of central tendency. The XMedianR uses the median. If you have more than five
samples per period, then the XbarS will probably be the most robust chart for your needs.
You can also use the XbarR or XbarS if your data has a varying number of samples per
period:

Look for these patterns in your data and then select the chart.
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The np Chart
There's one chart left to last because I rarely find situations where it applies. The np chart
is like the p chart except that the sample sizes are constant. The data looks like this:

Again, look for these patterns in your data and then select the chart.
Summary
So, just recognizing patterns in your data can make it easier to pick the
right control chart.
Rows/Columns

Attribute (integers)

Variable (decimals)

1

c chart
np chart

XmR chart
XmR Trend

2

p chart
u chart

2 or more

XbarR
XMedianR
XbarS

Why Are There So Many Charts?
Understanding Standard Deviation and Control Charts
Many people ask: "Why aren't my upper and lower control limits (UCL, LCL) calculated
as: µ + 3 (where µ is the mean and  is the standard deviation)?" This formula works
for the Levey Jennings chart but not others because the underlying distribution is
different. To answer this question, you have to understand some key, underlying
statistics: variation, standard deviation, sampling and populations.
Variance (stdev2) is the average of the square of the distance between each point in a
total population (N) and the mean (µ).
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If your data is spread over a wider range, you have a larger variance and standard
deviation. If the data is centered around the average, you have a smaller variance and
standard deviation.
Standard deviation (stdev or ) is the square root of the variance and it can be estimated
using the average range (Rbar) between samples (Rbar/d2) when the number of subgroups
is 2-10, or using standard deviation Sbar/c4 when n>10.
Rbar = Rave = ΣRi/n
Sbar = Average(stdev) = Σ  i/n
d2 and c4 are constants based on the sample size.
Sampling: Early users of SPC found that it cost too much to evaluate every item in the
total population. To reduce the cost of measuring everything, they had to find a way to
evaluate a small sample and make inferences from it about the total population.
Understanding Control Chart Limits
Ask yourself this question: "If a simple formula using the mean and standard deviation
would work for any data, why are there so many different control charts?"
The short answer: to save money by measuring small samples, not the entire population.
Long answer: When using small samples or varying populations, the simple formula
using the mean and standard deviation just doesn't work, because you don't know the
average, µ, or sigma of the total population, only µ or sigma of your sample.
Why are there so many control charts?
Because you have to estimate µ and sigma using the average and range of your samples.
In variable charts the XmR uses a sample size of 1, XbarR (2-10) and XbarS (11-25).
These small samples may be taken from lots of 1,000 or more.
In attribute charts the c and np chart use small samples and "fixed" populations; the u
and p charts have varying populations. So, you have to adjust the formulas to compensate
for the varying samples and populations.
To reduce the cost of inspection at Western Electric in the 1930s, Dr. Walter S. Shewhart
developed a set of formulas and constants to compensate for these variations in sample
size and population. That's why they are sometimes called Shewhart Control Charts.
Reference: You can find these in any book on statistical process control (e.g.,
Introduction to Statistical Process Control, Montgomery, Wiley, 2001, pgs. 207-265).
So, stop worrying about the formulas. Start monitoring your process using the charts.
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Creating Control Charts with QI Macros
There are two different ways to create most charts in the QI Macros. One is by selecting
your data and then running a macro from the QI Macros Menu. The second is by using
the QI Macros templates.

Create a Chart Using a Macro
To create a chart using a macro from the QI Macros Menu:
1. Just select the data to graph (using the mouse to click and drag).
2. Then, using the QI Macros menu, select the chart you want to graph.

If you don’t know which chart to use, select your data and choose the Control Chart
Wizard in the QI Macros. The QI Macros will do the math and draw the graph for you.
The control chart macros will run stability analysis on your data and turn any unstable
points or conditions red.
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If the labels and data are not adjacent, you can use the control key function in Excel
(select the first set of data, press down on the control key (CTRL), and then select the
second range of data.)

Data Input and Format Tips
When you select the data you want to graph, you can select the associated labels as well
(e.g., Jan, Feb, Mar, etc.) The QI Macros will use the labels to create part of your chart
(e.g., title, axis name, legend). Make sure you follow these rules when inputting your
data.
1. Labels should be formatted as text. If your labels are numbers (e.g., 1,2,3) you need
to make them text so that Excel doesn't treat them as part of your data. To do this, you
will need to put text in front of them. Some examples are: Sample1, S1, Lot1, L1. If
you just want the 1 to show then you will need to put an apostrophe ' in front of each
number to change it from data to text (e.g., '1, '2, '3 etc.) Note: just using the format
function in Excel does NOT work.
2. Data should be formatted as numbers. Your data must be numeric AND formatted
as a number for the macros to perform the necessary calculations. If you have "data"
that is left justified or looks like 001, 002, 003 then it is formatted as text and the
macro will not run.
Tip: Data exported from Microsoft Access is often in text format. To change it to
numeric: 1) import the data to Excel, 2) put the number 1 in a blank cell, 3) EditCopy the cell with the 1 in it, 4) select the imported text data, and 5) choose EditPaste Special/Multiply to multiply every imported cell by 1 which will convert them
to numeric data.
3. Select the right number of columns. Each chart requires a certain number of
columns of data to run properly. They are:
•
•
•
•

1 column: Pareto, Pie, Run, C chart, np chart, XmR chart
1 or more columns: Line, Bar, Histogram
2 columns: Scatter, u chart, p chart
2 or more columns: Box & Whisker, Multivari, XbarR and XbarS
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4. Beware of "hidden" rows or columns. If you select columns A:F, but B and C are
hidden, the QI Macros will use all five columns including the hidden ones. To select
columns that are not adjacent to each other use the control key.
5. The QI Macros and the statistical tools work best when data is organized in
columns, not rows. So, for an XbarR chart, you might have Sample1, Sample2, ...
Sample5 across the top, and then lot numbers or dates down the left-hand side. The
macros will work if your data is laid out horizontally in rows instead of in columns,
but vertical columns is the preferred method.
6. Decimal places. To get the correct number of decimal places, format your data as
Numeric (1-6 decimal places) vs General (which has no precision).
Sample Test Data
xThe QI Macros for Excel installs test data on your PC in My Documents\QI Macros Test
Data. Use this data to practice with the charts and to determine the best way to format the
data before you run a macro.

Selecting Your Data Correctly
We have tried to mistake-proof the QI Macros, but we have to make certain assumptions
about the data you select before running a chart. One assumption is that you have no
more than one row of headings and one column of labels. If you have two rows of
headings or two columns of labels, BE CAREFUL. QI Macros eliminates extra rows
or columns of headings.
Tips for selecting your data:
• Don't select the whole column or row, just the data and
associated labels you want to graph.
• Make sure you only select one row and one column of labels.

Control Chart Limits
Control chart limits are based on the average of your data. Therefore, when the average
changes, your control limits will change as well. Generally, you should use the first 20 to
25 points of data to calculate the average and the baseline control limits. Future data
points should be evaluated against the baseline. You should only recalculate the average
and corresponding control limits when you have a process change.
How Control Chart Limits are Calculated in the QI Macros
When you select data and then run a control chart using the QI Macros Menu, QI Macros
will use ALL your data points to calculate the average. The average field is then used to
calculate the 1 and 2 sigma lines and the upper and lower control limits. If you have 14
points it will use 14 points, if you have 26 points it will use 26 points, if you have 50
points it will use 50 points, etc.
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To view which points are used to calculate your average, simply click on the data sheet
created by the QI Macros (e.g., pdata1) and then click on the first cell under the cell
labeled "Average". You can determine the data used in the average formula in one of
two ways.
1. View the formula in Excel's formula bar. This will show the range of data that is used
to calculate the average. In the following example, we clicked on cell H2 and noted
that the average is calculated using cells B2 to B26 and C2 to C26.

2. Depending on the chart, these formulas can be hard to read. Another way to
determine the cells used to calculate the average is to use the F2 function key.
The function keys are located at the top of your keyboard. When you click on a cell
and then the F2 function key, Excel will highlight the cells used in the formula for
that cell. In the example below, Excel draws a border line around cells B2 to B26 and
C2 to C26.

Changing Control Chart Limits After Running a Chart
Often, after stabilizing a process, you will want to "lock" the control limits. Then you'll
be able to easily compare current performance with past performance. Doing this with the
QI Macros Chart Menu is easy.
Let's say you've run an XmR chart using our data:
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Since there are 30 data points, all 30 were used to calculate the control limits. But what if
you wanted to only use the first 19 points as the data points that represent your process
performance? Just click on the 19th point to select it and use Fix Limits under the QI
Macros Chart Menu to change the formulas:

You could also use the Process Change Wizard to automatically identify all changes.
The revised chart will look like this:
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Adding Data to Existing Charts
When you run a macro, you end up with the chart and data spreadsheet where all the
calculations are performed. To add data to an existing chart:
1. Add the new data and labels in the rows under your old data.

If necessary, use Edit/Copy and Edit/Paste to copy any formulas down to the new
rows.
2. Click on the chart. Then click on the QI Macros Chart Menu and select "Add Data".

3. Input the number of rows of data you just added to the intermediate spreadsheet and
click OK. This function will change the "source data range" of the chart and will
update the chart to display your new data.
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Re-Analyzing Stability
To re-run stability analysis on the chart. Click on the chart. Use the QI Macros Chart
Menu to select "Analyze Stability". The QI Macros will rerun stability analysis on your
old and new data.

Recalculating Control Chart Limits to Include New Data
When you run a chart from the QI Macros Menu and then add data to the existing chart,
the control limits DO NOT recalculate. If you want the control limits to recalculate using
your new data, there are two options.
1. You might consider using one of the QI Macros control chart templates. These are set
up to take 50 data points and the control limits will recalculate every time you add
new data. Click on Control Chart Templates to access these.
2. Use the Show Process Change function to recalculate the control limits. To do this,
click on the chart and then select Recalculate UCL/LCL from the Chart Menu.

Delete a Point from a Control Chart
To delete a point from a control chart:
1.
2.
3.
4.

Click on the chart.
Click on the point you want to delete.
Click on the QI Macros Chart Menu and select Delete Point.
Rerun stability analysis without the deleted point.
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Show Process Change on a Control Chart
Before You Run a Chart
To calculate two or more sets of control limits on new charts simply leave a blank row
between the data points where you want the limits to change.

Select the data including the blank row(s) and run the chart. You should get a chart with
two or more sets of control limits.
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After You Run a Chart
Go to the chart and click on the first data point where the process change occurred. Note:
The first time you click on the point, Excel will select the whole line. Click on the point a
second time to get just the point. If you have done this correctly, Excel will highlight
your point and the point before it.
Click on the QI Macros Chart Menu and select Show Process Change:

The macros will calculate a new set of control limits starting at the data point you
selected. The macros will also update the UCL, Average and LCL labels to reflect the
second set of control limits. Note: You can do this more than once on the same chart.
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Don't forget to rerun stability analysis using the new control limits. Click on the chart
sheet. Use the QI Macros Chart Menu to select "Analyze Stability". QI Macros will rerun
stability analysis using the new control limits.

Compare Different Process on the Same Chart
As previously indicated, adding a blank row to your data before you run a control chart
will calculate two different sets of control limits? One set will be calculated using the
data before the blank row and the second set will be calculated using the data after the
blank row.
This functionality is most commonly used to show a process change on a control chart.
However, many customers use it to compare two different processes side by side. If you
are in healthcare, you could compare data for several different doctors, hospitals, floors,
etc. If you are in manufacturing, you could compare data from different machines, lots,
batches etc.
You might start with data that looks like this.:
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Use Excel's cut and paste functions to reorganize your data. Move the machine 2 and
machine 3 data below the machine 1 data in the same column. Leave a blank row
between the data for each machine. In the example below, C25 is the last value for
machine 1 then we leave a blank row and paste machine 2’s data starting in C27.

Now select the data and run an XmR chart. Use the text box tool to label the data for each
machine.

These side-by-side charts make it much easier to compare machines. You can easily see
that the average yield for machine 3 is lower than machines 1 and 2. You can also tell
how much wider the control limits are for machine 3. This means there is much more
variation in the yields for machine 3.
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Add Target or Goal Lines to Control Charts
Remember control limits are calculated from your data. However, you can also show a
target or goal line on your control chart in one of two ways:
1. Use Excel's drawing tools to simply draw a target line on your existing control chart.
Then use Excel’s drawing tools to add a text box to label the line. Note: If you add
data to the chart you may need to re-synch up the line.
2. Add target line to the chart.
•
•

Click on the chart
Select Add Target Line to Chart from QI Macros Chart Menu.

Creating a Chart with a QI Macros Template
You can also create charts with QI Macros Templates. These templates are especially
helpful if you have non-quality department personnel (e.g.: at nursing stations or on the
shop floor) who will be inputting data, or you don't have enough data (you're starting to
collect the data).
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To create a chart using a template:
1. Click on the QI Macros menu, Control Chart Templates, then the chart you want.

2. The input areas for all the templates are shaded yellow. Either input your data directly
into the template, cut and paste it from another Excel spreadsheet, or set the template
input cells equal to cells in other spreadsheets.

3. As you input data, the chart will populate to the right. The X chart templates also
display a histogram, probability plot and scatter plot.
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Choosing Which Points to Plot
Each template defaults to 50 data points. If you have fewer than 50 points and only want
to show the points with data, click on the chart and use the QI Macros Chart Menu. Select
Filter/Unfilter Chart to plot only the points with data.

Adding New Data
Control Chart templates are set up to take 50 data points. To add data to a template:
1. Make sure the data is unfiltered so that all input rows are visible.
2. Simply input data into the next blank row. The chart will expand to include the next
data points.
3. Re-run stability analysis whenever you have added new data by clicking on the chart
and then clicking on the QI Macros Chart Menu. Select Analyze Stability to run
stability analysis on your data. Any unstable point or condition will turn red.

Analyzing Stability
To run stability analysis on a chart created using a control chart template click on the
chart, click on the QI Macros Chart Menu, and select Analyze Stability.

Delete a Point from a Control Chart Template
To delete a point on a control chart template simply delete that point or row from the
input area.
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Formulas
If you have QI Macros, you don’t need to know the formulas. Just focus on the charts and
what they tell you. If you want to know the formulas, they are provided here for your
reference.

Control Chart Constants
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