Individuals Control Chart (XmR chart, |

N chart) Reporting

Individuals control charts (/-charts or X-charts) can be used for time-series tracking of a process to determine if
the process is in statistical control and can be considered stable. When a process is considered stable, it
experiences only common-cause variability. When a process is not in control, special-cause conditions can be
causing non-stability.

In a process, effort should be taken to understand and resolve, when appropriate, special-cause conditions. A
process that only experiences common-cause conditions does not imply that the process does not have any
issues. A process can be stable but be unable to provide a consistent level of quality or performance.
Assessments for process stability and capability can be provided through 30,000-foot-level reports with
predictive measurements.

A moving range chart can be included with an individuals control chart report-out, producing a pair of charts
(i.e., XmR control chart or /mR control chart). However, since the primary purpose of the MR chart is only to
identify larger than normal short-term swings in the data, this chart will not be included in the described report-
outs so that the overall reporting and evaluation process can be simplified.

The data in Table 1 will be used to illustrate the mechanics of creating of an individuals control chart. We will
consider that these data were collected using an infrequently subgrouping/sampling plan that is consistent with
application of a 30,000-foot-level charting methodology.1 (For more information about 30,000-foot-level
reporting and its benefits see Performance Metric Reporting Issues: 30,000-foot-level Resolution.)
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Time Moving

Sequence|Response| Range (MR)
1 70.10
2 75.20 5.10
3 74.40 0.80
4 72.07 2.33
5 74.70 2.63
6 73.80 0.90
7| 7277 | 103
8 78.17 5.40
9 70.77 7.40
10 74.30 3.53
11 72.90 1.40
12 72.50 0.40
13 74.60 2.10
14 75.43 0.83
15 75.30 0.13
16 78.17 2.87
17 76.00 2.17
18 73.50 2.50
19 74.27 0.77
20 75.05 0.78

Mean = 74.20 .27

Modified from Table 10.2, infegroted Enterprise Excellence Volume N - Improvement
Project Execution: A Management and Black Belt Guide for Going Beyond Lean Six
Sigma and the Balanced Scorecard, ForrestW. Breyfogle lll, Bridgeway Books/Citius
Publishing, Austin, TX, 2008.

Table 1: Time-series Data

An individuals control chart has an upper control limit (UCL) and lower control limit (LCL), which are
calculated from the raw time-series data. Charting parameters for the individual values chart are:
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The 2.66 factor is 3/d,, where 3 is for three standard deviations and d. is from Table J1 for a sample size of 2

(i.e., 3/1.128 = 2.66). This relationship can be used when the moving range is selected to expand beyond the
adjacent samples. For this situation, the value for d, would be adjusted accordingly.

For the Table 1 data set, the MRs are determined from the relationship

MR, = [x,—x|=[70.10-75.20/=5.10
MR,

ey —xy| =[74.40-75.20|=0.80....

The process mean and moving range mean are calculated and used to determine the individual-measurement
control chart parameters of

CL=x LCL = x—2.66(MR.) UCL = x+ 2.66(MR)
CL=74.200 LCL=74200-2.66(2.267) UCL=74200+2.66(2.267)
LCL=68.1T70

UCL=280.230

An individuals control chart of the Table 1 data with these calculated UCL and LCL is shown in Figure 1.
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Maodified from Figure 10.8, integrated Enterprise Excellence Valume il - improvement Project Execution: A
Maonogement and Black Belt Guide for Going Beyond Lean Six Sigma and the Bolaonced Soorecord, ForrestW.

Breyfoge I, Bridgeway Books/Citius Publishing, Austin, TX, 2008,

Figure 1: Individuals Control Chart

From this figure the process is concluded to be in control and have a recent region of stability. This conclusion
is made since there are no trends relative to or data points outside the statistically determined upper and lower
control limits (UCL and LCL).

Since the process has a recent region of stability, one can conclude that the process is predictable. The up and
down variability shown over time is from common-cause variability. Organizations should not react to
individual common-cause values, which can lead to much firefighting; i.e., reacting to special-cause variability
as though it were common-cause variability.

A probability plot can be useful to determine how a process that has a continuous response is performing
relative to customer needs, where these desires are often conveyed through specification values. This data will
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be further analyzed for determining process capability (process performance) in the paper Probability Plotting:
Quantifying Process Performance.
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