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CHAPTER 5.  SQC CHART FOR PERCENT IN ERROR





5.01  MANAGEMENT VALUE OF SQC CHARTS





The SQC chart emphasizes the inevitability and prevalence of chance variation in sample data, where day-to-day decisions involving quality matters must be made.  Proper interpretation of control chart evidence, which directs attention only to those situations in which assignable causes are indicated to be operating, thus permits more time to be spent on problems that can be solved,' and prevents the organization from wasting effort and worrying about something that cannot be changed.





5.02	SQC CHART INFLUENCE ON QUALITY IMPROVEMENT





	a.	Experience shows that the mere introduction of a control chart into a work situation often causes quality improvement. This improvement may result from the influence of the chart in focusing attention of employees and management on the quality level and may have no relation to the actual use of the three  standard  deviation control  limits.  This influence is likely to be most effective when the chart is new.





	b.	On a long range basis, much of the quality improvement attributable to the use of the control chart will come from concentration of attention on assignable causes of variation from the process average, whenever the chart shows and "out of control" condition.  It should be emphasized that when this occurs the only clue given by the control chart as to the cause of lack of control is the time at which lack of control was observed.





	c.	The discovery and the removal of a special cause of variation or of poor quality is usually the responsibility of some one who is connected directly with the operation; i.e., first level supervisor, intermediate supervisor, division chief, etc.  Special causes of variation may be defined as those which are not common to all the work items undergoing process or to all the work areas under scrutiny.





	d.	 Conversely, there are common causes of errors and other quality defects which individual employees cannot correct or remove.  The discovery and correction of common causes is usually the responsibility of top station management and Central Office.  The common causes may be inadequate employee job instruction, poor supervision, faulty procedures, poor work space, obsolete equipment, plain lack of an effective quality control system, and similar situations.





5.03	SQC CHART DESIGN





	a.	The SQC chart for "percent in error" (fraction defective) is a line graph which shows error rates from successive independent samples.  A central line representing a process average or an established standard is drawn so that error rates based on successive sample quality reviews can be related to the central line.  In addition, broken lines are drawn to indicate the upper and lower control limits within which sample results may be expected to vary if there is no significant change in the actual quality level.  The control chart depicts graphically the mathematical principles which determine when to classify an event or a sample result as unique or exceptional rather than as usual or ordinary.  "Percent in error" (quality level) is shown on the vertical axis of the chart while time is indicated on the horizontal axis.





	b.	 Example: Assume that the work process to be charted has a process average or an established standard of 3.0% "in error" and the monthly sample size is 40 work units.  To determine the applicable control limits, refer to the "Table of Three Standard Deviation Control Limits" for the 3% "in error" column and check across from the sample size group of 35-44.  The UCL is 11.10% and the LCL is 0.00%. Draw a solid central line at 3.0% on the chart to represent the assumed process average or established standard.  Draw broken lines at 11.10% and 0.00% to indicate the control limits. (VA Form 20-6558 is available for SQC charts.)





	c.	If it is desired also to show a 12-month moving sample on the chart, follow a similar procedure to determine the applicable control limits for the larger sample size.  Thus, for the cumulative sample size of 480 (40 x 12), the UCL is 5.38% and the LCL is 0.62%. Use red or some other color to show these added control limits on the chart.
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	d.	The error rate yielded by each successive monthly sample of 40 work units is plotted on the chart (see app.  B for an illustration of this type SQC chart).  If a 12-month moving sample is also used, the error rates from this moving sample may also be plotted on the chart.





	e. There are many different types of control charts used in quality control.  The type of chart discussed above is commonly referred to in statistical textbooks as a "control chart for fraction defective" or simply as a "p chart."  One important advantage of this type control chart is that it usually requires the number of items reviewed or in�spected, the denominator of the fraction, and the number of errors or quality defects, the numerator of the fraction, to be recorded.  To compare quality levels at different times, it is necessary to know the fractions defective at the various times.





	f.	Thus, data are collected and become available to prepare various summary charts for top management information.  For example, a program summary chart may be prepared for each item under control based on the "percent in error" or the number of 11 errors per hundred work units" for the total number of work units reviewed at all the field stations.   Similarly, all station data for groups of items under control may, where appropriate, be summarized on a single control chart.





5.04	  CONTROL CHART EVIDENCE





	a.	"Out of Control."  The actions suggested by the evidence of the control chart depend on the relationship between what the process is doing and what it is supposed to do.  When an "out of control" condition is reflected by control chart evidence, this is equivalent to saying:  "Assignable causes of variation are present; this is not a constant-cause system operating." This statement may be made with a high degree of con�fidence that it is correct because "out of control" plot patterns rarely occur when a constant-cause system is operating.





	b.	Management is responsible for determining acceptable quality levels rep�resenting standards to be met.  The approximate true process average for any given opera�tion may vary widely among different field stations above and below the established goal or standard.  When the central line on a control chart represents a standard percent in error which is somewhat lower than the station's process average, a sample plot above the upper control limit from this central line may indicate only that the standard is not being met.  It would not necessarily indicate that the process is "out of statistical control" in relation to the station's process average.  This does not alter management's responsibility to identify and analyze the causes of quality defects as a means of improving the process average to meet or exceed the standard.





	c.	The following control chart plot patterns, when viewed in relation to a central line on the chart that approximates the true error rate of the process, each indicate an 11 out of control" situation.  There are many plot patterns that indicate "out of control" situations; the five described below are among those easiest to recognize.  The first three plot patterns are examples of patterns that may occur entirely below or entirely above the central line.  When these plot patterns occur below the central line and in relation to the LCL, apparent quality improvement is indicated.  Conversely, apparent quality deterio�ration is indicated when these plot patterns occur above the central line and in relation to the UCL.  The fourth and fifth plot patterns portray the shifting or drifting of plot clusters from one side of the central line to the other.  A downward shift or trend indicates quality improvement; an upward shift or trend indicates quality deterioration.
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	(1)	One plot is outside either one of the two control limits.


























	(2)	Two consecutive plots are near, even though not outside either one of the two control limits.
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(3)	A run of seven or more consecutive plots is on one side or the other of the central line, even though none is outside the control limit on that side.









































(4)	Four or more consecutive plots appear on one side of the central line and suddenly show a change in level 


	by the appearance of four or more plots on the opposite side of the central line.
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(5)	Seven  or  more  consecutive  plots  appear  in  a  downward  or  an  upward direction extending from a point near one control limit to a point near the opposite control limit.


























d.	"In Control." In contrast to the plot patterns described above, when the individual plots fall within the control limits in an irregular and unpredictable manner, above and below the central line, and are clustered around the central line with relatively few points departing widely from it, the process is said to be "in control."


























When a process is "in control," the rule of action indicated can be expressed as follows: "For practical purposes, it pays to act as if no assignable causes of variation are present." No statistical test can give positive assurance that no assignable causes of variation are present.  But in the absence of statistical evidence that assignable causes are operating, it is assumed that they are not present, although it is not known whether or not this is in fact the case.  Therefore, no searches for assignable causes are made as long as an , in control" situation prevails.  A search for an assignable cause is made only when something other than chance causes are affecting the process.  Only in such cases are searches for nonrandom influences likely to be fruitful.
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	e.	The most commonly used plot pattern for detecting an out-of-control situation is the first one described above, the appearance of a single sample point outside of one of the control limits.  The advantage of using other plot patterns in addition to this one (and there are a number of such  patterns which could be used which are not included among those described above) is that frequently an out-of-control situation that is developing will be detected more quickly.  Sometimes a user of quality control data is not aware that an out-of-control situation has arisen until, in cumulating monthly samples, a point suddenly falls outside a control limit of the cumulative sample, although none of the preceding monthly sample points had fallen outside the control limits for the monthly samples.  Often it will be found that had other plot patterns in the monthly data been examined, it would have been discovered much earlier that assignable causes had begun to affect the process.  For this reason, intermediate and higher level supervisors should examine SQC charts regularly.





5.05	SQC CHART EVIDENCE OF A QUALITY LEVEL BETTER THAN THE STANDARD





	a.	Significance of "No Errors" in a Random Sample of Work Units.  It is particularly important to recognize that a random sample of work units yielding "no errors" (0.00%) does not necessarily indicate a quality level better than a standard set above a zero error rate.  A sample result of "no errors" is significant and indicative of a quality level better than the standard only when the applicable LCL is greater than zero.  Whether the LCL is greater than zero or not depends on two basic factors.  First, on what the proc�ess average or standard is (1%, 2%, 4%, 6% etc.); and secondly, on what size sample is used.





	(1)	Example:  Assume that monthly samples of 100 work units are selected at random from a work process having a true error rate of 3.0%.  Assume also that the quality standard has been established at 3.0%.  The applicable LCL for a sample size of 100 units is 0.00%.  Therefore, when using a monthly sample of this size, finding a sample with "no errors" may be expected to occur quite often, even though no drop occurs in the true quality level.  A series of monthly samples of 100 work units would give a 12-month cumulative sample size of 1,200 work units and an LCL of 1.52%. Only if the 12-month cumulative of 1,200 work units yields an error rate less than 1.52% is there strong evidence of a quality level better than the process average or standard of 3.0%.  There is no way of telling, on the basis of such a sample, whether the improved quality level is only slightly better or much better than 3.0%.





	b.	Maintaining a Quality Level Better Than the Standard.  One of the major objectives of SQC is to maintain the best quality level the operation is capable of producing within available resources.  When the central line on an SQC chart represents a standard which is a higher "percent in error" than the approximate true error rate of the work proc�ess charted, the supervisor is interested not only in meeting the standard but also in maintaining the superior process average which his operation is capable of producing.  For work units under SQC, the table of "Three Standard Deviation Control Limits" is a useful tool to aid in doing this.





	(1)	Example:  Assume that the standard for a work process is 5.00%, and that the estimate of the process average obtained from the supervisor's cumulative sample for this work process is 1.40%.  The supervisor selects at random monthly samples of 100 work units for quality review. By referring to the table, the supervisor can determine that:





	(a)	For a monthly sample size of 100 and 1.40% "in error" (his estimated process average), the UCL is 4.92% and the LCL is 0.00%.





	(b)	For 5.00% "in error" (standard) and a monthly sample size of 100, the UCL is 11.54% and the LCL is 0.00%.





	(2)	This information tells the supervisor that any monthly random sample which yields an error rate greater than 4.92% is strong evidence that his operation is not maintaining the quality level it is capable of producing.  Further, any monthly sample yielding an error rate greater than
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11.54% is strong evidence that the standard is not being met.  With this knowledge, the supervisor knows when it pays to look for assignable causes that may be responsible for a departure from the true capability of the process indicated by the cumulative quality level, and when he must set out to find the cause of any trouble responsible for a failure to meet the standard.





	(3)	Whenever a process is unfavorably "out of control" with respect to its own process average (1.40% in example above), it is an indication that something other than chance variation--a cause that can be found and corrected--is also operating.  If a sample error rate exceeds the UCL for the standard as well as for the process average, it means that a discoverable cause(s) has increased the error rate even more substantially; in the example above, from 1.40% to something more than 5.00%.





5.06	TENDENCY TO IGNORE FAVORABLE SQC CHART EVIDENCE





	a.	There is a strong tendency among many operating personnel to rush to investigate "out of control" evidence on the unfavorable side of the control chart, and simply to derive satisfaction from but to take no action with respect to the same type of evidence on the favorable side.  From a purely objective standpoint, any "out of control" situation merits investigation.  Just as evidence indicating quality deterioration is a signal to initiate search for an explanation--an assignable cause--so should evidence of quality improvement result in a search for its explanation.  Any evidence, favorable or unfavorable, should be checked for correctness before any intensive search for assignable causes is begun.





	b.	Sometimes a possible explanation for evidence falling on the favorable side is that the data collection and observation methods are not proper or as prescribed.  A faulty or a nonrandom sampling procedure, requiring immediate correction, may be indicated.  However, if the sampling procedure and the data are both found to be correct, then the cause of the improvement should be identified and thereafter made a permanent part of regular operations, if possible.
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