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What is a control chart?

A control chart is a graphical depiction of the flow of a process over time.  The figure below represents a control chart.  It is a line graph with a center line that depicts an overall process average (or mean) and upper and lower control limits.  The horizontal axis represents data points for particular points in time (usually months in our case).  The vertical axis represents the level of a particular indicator.  For example, this figure represents the percentage of diabetic patients over the course of a year whose blood glucose levels were within acceptable ranges.  The vertical axis in this case would show that in July 98, approximately 40% were in control; in August 98, 45% were in control; and in September 44% were in control.  The center line drawn across the entire graph at the 44% mark represents the overall proportion of patients who were in control for all observed months (July 98 – Jun 99).
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The control limits (the green stair step lines above and below the center line) describe the variability of a process over time.  These limits are usually set at three standard deviations (or sigmas).  The upper control limit (UCL) is calculated by adding three times the standard deviation for the month to the overall process mean (the center line of the graph).  The lower control limit (LCL) subtracts three times the standard deviation for the month from the overall process mean.  When a data point falls either above the upper control limit, or below the lower control limit, it is considered a signal that the process has significantly changed.  This data point is referred to as “out of statistical control” or “a special cause.”  In Figure 1, we can say that the process is in statistical control (although see test #3 below).  In no month did one of the data points fall above or below the control limits.  If the indicator typically falls within the upper and lower control limits, one can say that the process underlying the generation of the statistic is stable, or that the process exhibits only common cause variation.  However, common cause variation says nothing about whether the process is functioning at a desirable level.  In the figure above, a hospital might have reason to expect that a higher proportion of its patients will exhibit blood glucose levels within an acceptable range.  In this case, the process is functioning at an undesirable level.  Common cause variation implies only that the variation present in a process is predictable within given limits.   Conversely, when a data point falls outside the control limit, one can be certain there is unacceptable variation in the process underlying the generation of the statistic.

Tests for special causes of variation

Stable variation is what management should strive to attain.  For example, if one can predict with great certainty the number of c-sections a hospital will perform in a month, efficient staffing can be implemented and costs can be budgeted.  Stable processes lead to efficient and effective management.  Stable variation is exhibited in a control chart when none of the criteria are met for “special causes” of variation.  Under the condition of stable variation, the overall process mean provides a point estimate of the average c-section rate for a given hospital for a particular timeframe.  However, if hospital management has decided that the number of c-sections performed by the organization is too high (as compared to other similar facilities or other benchmarks), an intervention might be implemented to attempt to lower the c-section rate.  In this case, special cause variation is desirable—as it may indicate improvement in the measure’s process.

There are several tests for special causes of variation:


(1)
One data point above or below the 3 sigma lines (UCL and LCL)

(2) A run of 8 consecutive data points on one side of the center line (process mean)

(3) A trend of 6 consecutive data points steadily increasing or decreasing

While other tests for special causes have been proposed, the Joint Commission will only use the three tests described above.  One might be tempted to argue that the process depicted in Figure 1 exhibits a special cause of variation.  Five consecutive data points are shown to be steadily decreasing.  This trend should be a warning sign that management will want to pay close attention to this measure over the next several months.  However, five decreasing data points are within the expected range of normal variation.  Do not be tempted to read too much into this chart.  

Additionally, control charts should typically never depict fewer that 12 data points.  Walter Shewhart, who developed the control chart, recommended that 20 to 25 data points be used to evaluate the stability of a process.  The fewer the data points, the less certain one can be that a process is in (or out) of control.

What is a comparison chart?

The Joint Commission promotes the use of comparison analysis as a key analytic method in the ORYX initiative.  A comparison chart allows a hospital to gauge its performance against other hospitals participating in the same measurement.  For example, a hospital would be able to compare the incidence of c-sections at their hospital against a group of other hospitals also reporting on the rate of c-sections.  Such comparisons indicate whether the hospital is exhibiting exemplary, average or substandard performance.  Comparison charts will tell an organization whether the data for a particular month is outside an expected range.  This range is usually expressed as a “99% confidence limit.”  If an organization falls outside the expected range, this just means that an organization can be 99% certain that their data differ from the average score for that indicator.  Joint commission uses the 99% confidence limit as its standard.  However, the choice of level of confidence is somewhat arbitrary.  A hospital could choose a more stringent 95% confidence limit if desired.  Use of the 95% standard causes the expected range to be more narrow (which might be desirable in some cases), increasing the probability that a hospital would be judged to be outside the expected range.  In summary, comparison charts can provide guidance to the organization regarding whether it should continue to monitor a process, or try to improve its current performance.  

Before a hospital would compare itself to other hospitals participating in the same measure, the control chart should indicate that the process being observed is stable.  That is, the rate should be relatively stable over time.  Otherwise, comparison charts are not useful because the amount of variation makes the expected range of performance too large, thereby making comparisons less meaningful.

The comparison chart below represents data for a particular hospital compared against data from other hospitals.
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In the above figure, the expected rate (or overall rate) for a given month is plotted in red.  The expected variation of all organizations participating in this measure is plotted as a green line.  The green line provides a graphical representation of the expected range.  The organization’s observed rate is plotted as a black point falling somewhere along the vertical axis.  The vertical axis provides a rate, which in this case, falls somewhere between 0 and 1.  If you examine the black observed rates, it is clear that the proportion of diabetic patients who had a dental exam during the past year has declined steadily.  If you also examine the red expected rates, this same trend is in evidence across all participating organizations.  While it is certainly possible that the proportions of diabetic patients receiving dental care have been declining over time, an organization might want to first examine the quality of its data.  For example, it is possible that a wholesale change in software packages occurred during this timeframe and dental visits are no longer captured well in the organization’s performance measurement system.  An organization would likely need to examine its control charts closely to determine if similar trends can be spotted at this level as well.  Data quality is an extremely important component in any performance measurement system.  

In summary, control charts are important to comparison charts in three ways:

1. Control charts show whether the processes underlying the generation of the statistic are stable (in order than valid comparisons can be made).

2. Control charts show the nature of the variation present in a particular process.  In order to improve a process, it is helpful to understand the type of variation present (e.g., is it common variation or special cause variation?).

3. Control charts will then show if an intervention has been effective.  Comparison charts do not provide one with enough data to determine whether an intervention has been effective.

Quality Improvement

There exist a number of quality improvement tools that can be used to determine causes contributing to a measure’s unstable process (control charts) or outlier performance (comparison charts).  The Joint Commission has offered at least six process inputs that should be considered as a source of influence on a measurement’s outcome.

1. Human (staff/employees)

2. Methods (policies and procedures)

3. Machinery (equipment)

4. Materials (supplies)

5. Milieu (corporate culture or other environmental measure)

6. Patients (confounding factors such as co-morbidities and age)

A Pareto chart can be used to rank potential causes of unstable variation or outlier performance from the most frequent cause to the least frequent cause.  (More discussion to be added).

More Questions?

Please feel free to contact:

Karen Carver, Ph.D.

Statistician, ORYX Program

Phone:  505-248-4926

Karen.Carver@mail.ihs.gov
Michael Gomez

Director, ORYX Program

Phone:  505-248-4152

Michael.Gomez@mail.ihs.gov
