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Chapterr 5 

CONTROLL CHARTS FOR INDIVIDUAL 
OBSERVATIONS S 

5.1.. THE MOVING RANGE CHART 

Controll charts for individual observations are frequently used in industry. The 
originn of this chart is that it may be impossible to collect a sample of more than 
onee observation, which is often the case in e.g. process industries, where 
parameterss like temperatures and concentrations are monitored. The X-R-chart 
(orr affiliates) cannot be used obviously, because there is no data to calculate 
within-samplee variation. But the individuals chart has also proven its usefulness 
inn situations that superficially lend themselves to the use of the X-R-chart. 
Followingg Roes and Does (1995) the previous chapter shows that the X-R-chart 
doess not perform well in case of extra between sample variation or structure 
withinn the sample, and it is shown that one or more individuals charts give more 
reliablee results. 

AA disadvantage of the individuals chart is that every departure from the 
controlledd situation is signalled in only one chart, whereas the X-R-chart 
monitorss changes in the process mean and the process variation separately. 
Somee authors therefore propagate the use of an extra chart, the moving range 
chartchart (MR-chart), in addition to the individuals chart (X-chart), to have a better 
wayy of signalling changes in the process variation. The use of the MR-chart is 
subjectt to controversy, however, because several authors claim that it does 
bringg extra confusion, but hardly extra power. A summary of the discussion in 
recentt literature is given in the following section. The rest of this chapter 
discussess the use of the MR-chart from the viewpoint of a user of an individuals 
chartchart with supplementary run rules, who should decide on actions to take 
wheneverr a signal is given. This context of supplementary run rules is chosen 
forr two reasons. The first is that the MR-chart can actually be regarded as a 
kindd of run rule, the second reason is that (some of the) Western Electric run 
ruless are extensively used in practice, in order to increase the signalling power. 

Thee discussion in this chapter is again motivated from practices at Philips 
Semiconductorss in Stadskanaal, a QS9000 certified manufacturer of medium 
powerr diodes. Before the QS9000 audit Philips's control charts - generally 
individualss charts, as advised by Roes and Does (1995) - signalled only when 
controll limits were exceeded. A signal triggered operators to use the Out-of-
Controll Action Plan (OCAP) (Sandorf and Bassett, 1993) in order to fix the 
problemm as quickly as possible. The control charts and their corresponding 
OCAPss were devised in teams with operators from all shifts, according to the 
methodd outlined in Chapter 2 and extensively described in Does et al. (1999a). 
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Thenn the QS9000 auditor urgently advised to 'improve' the power of the SPC 
systemm by introducing supplementary run rules. A set of well-chosen run rules 
wass selected to oblige the auditor, and as a result the charts gave many 
additionall signals. A practical problem was how operators should interpret the 
signalss from the different run rules, because it might be expected that different 
ruless would point at different kinds of special causes. But even from a statistical 
pointt of view the relation between a signal and the status of the process was 
nott clear. In this setting we also investigated the use of the MR-chart. 

5.2.. DISCUSSION OF RECENT LITERATURE 

Amongg authors favouring an additional control chart for the variation are 
Duncann (1974), Wheeler and Chambers (1992), Wetherill and Brown (1991), 
andd Montgomery (1996). On the other side there is Nelson (1982, 1990), who 
stronglyy advises against such a chart with the argument that the individuals 
chartchart itself already contains all the information. 

Forr the case of individual observations X1t X2, ... the chart for the variation is 
usuallyy based on the moving range of two consecutive measurements: MR, = 
|X,, - Xj^l (t > 2). Roes et al. (1993) computed the conditional probability 
(assumingg independence of the observations) of observing a signal on the MR-
chart,, given that the X-chart itself does not signal. These probabilities are small 
forr the out-of-control situations. Therefore they concluded that the contribution 
off the MR-chart to the power of discovering an out-of-control situation is small. 

Adkee and Hong (1997) came to the opposite conclusion. They computed the 
conditionall probability of a signal on the MR-chart between t+1 and t+n (n>2), 
givenn that the X-chart does not signal in that period. They assume that the 
processs is already out of control at time t+1, whereas Roes et al. (1993) 
conditionedd upon the situation that only the last observation is out of control. 
Thee probabilities of Adke and Hong (for n=2) are therefore larger than those of 
Roess et al. Wieringa (1999) shows that Adke and Hong use essentially a one-
sidedd MR-chart (not a two-sided one, as they claim), but Roes et al. do the 
same. . 

Rigdonn et al. (1994) followed Wetherill and Brown (1991) and examined ranges 
off not just two, but also of three and four consecutive observations. They 
selectedd control limits for the combined X-MR-chart so that the in-control 
averagee run length (ARL) was the same as for the X-chart alone. Their 
conclusionn was that for shifts in the process mean the X-chart alone is more 
effective,, while this chart is about equally effective in detecting changes in the 
processs variability as the combined X-MR-chart. 
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Aminn and Ethridge (1998) believe that the relatively poor performance of 
Rigdon'ss combined X-MR-chart is due to the choice of the chart parameters. 
Butt apart from ARL considerations they have additional reasons to recommend 
thee use of the combined X-MR-chart. They assert that 

"iff only the X-chart is used, the user will not be able to directly 
distinguishh between a shift in the process mean and changes in the 
processs variability". 

Anotherr reason is that the X-MR-procedure may be more useful in diagnosing 
shift(s)) than the X-chart alone. The authors don't prove their claims with data, 
however. . 

Albinn et al. (1997) investigated the individuals X-chart in combination with run 
rules,, the MR-chart, and the Exponentially Weighted Moving Average (EWMA) 
chart.. Based on ARL values they recommend the use of X-charts and EWMA-
chartss without complementary run rules. Small shifts in the process variation 
aree not well detected, however. If it is critical to detect such shifts, they propose 
thee use of an alternative run rule (see Section 5.3). 

5.3.. RULES FOR OUT-OF-CONTROL DETECTION 

Assumee that a process is normally distributed. Without loss of generality we 
mayy assume that the process mean is 0 and the standard deviation is 1 when 
thee process is in control. If the process is monitored with periodical samples of 
sizee 1, the lower and upper control limit (LCL and UCL) of the individuals chart 
aree -3 and +3 respectively. The standard rule to issue a signal is: 

RuleRule 1: A control limit is exceeded. 

Threee of the many Western Electric run rules were introduced at Philips 
Semiconductorss Stadskanaal to improve the power of the control chart: 

RuleRule 2: The lower and upper warning limit (LWL and UWL) are -2 and +2 
respectively;; a signal is issued when 2 out of 3 measurements are in the 
samee warning zone (the region between a warning limit and 
correspondingg control limit). 

RuleRule 3: A run of 6 measurements going up or down. 
RuleRule 4: A run of 9 measurements above or below the central line (CL), which 

iss 0 in this chart. 

Thee reason for exactly these three run rules is rather arbitrary. In fact they were 
selectedd because it was felt that they were easy to comprehend by operators. 
Thiss is an important argument because operators may have to stop the process 
whenn a signal is given: it certainly helps when they are convinced that there is 
reallyy something the matter with the process. 
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Ann individuals chart is sometimes supplemented with a MR-chart, plotting the 
successivee ranges of two consecutive measurements, issuing a signal when 
thee upper control limit is exceeded. The common value of the UCL is 4.65 (the 
"3a-limit"),, but alternatives have been suggested (Amin and Ethridge, 1998) 
relatedd to the power of the test. The MR-chart operates quite alike the following 
alternativee run rule: 

RuleRule A: Two successive measurements in the opposite warning zones. 

Pagee (1955) discussed Rule A (and related rules) already before there was any 
mentioningg of the MR-chart, because 

"thee occurrence [...] of two near samples outside opposite warning lines 
pointss to an increase in the spread of the distribution". 

Inn the appendix of this chapter Rule A is compared to the MR-chart. It turns out 
thatt Rule A is not as sensitive to out-of-control situations as the MR-chart, but 
thee effect has limited importance. 

Albinn et al. (1997) studied another of Page's rules and a direct alternative of the 
secondd run rule: 2 out of 3 measurements in opposite warning zones. But Rule 
AA is the more direct translation of the MR-chart and a really simple one: there is 
noo need for an additional chart, or for a movable transparency, as devised by 
Adkee and Hong (1997). The lower control limit of the MR-chart is not useful, 
eitherr in theory (Wieringa (1999) shows that additional power in the one-sided 
casee is larger than in the two-sided case) or in practice. The value of this limit 
(0.002)) effectively means that a signal is issued when two consecutive 
measurementss are equal, which happens much more often in real life than in 
thee normal theory, due to rounding off of the data. 

Thee purpose of this chapter is to evaluate Rule A, as a closely corresponding 
alternativee to the MR-chart, among the other rules for signalling out-of-control in 
individuall charts. The basic question is whether Rule A helps identifying out-of-
controll processes, without too many extra signals when the process is in 
control.. An additional question is whether it guides operators towards the right 
out-of-controll direction. 

5.4.. PERFORMANCE OF THE RUN RULE FOR VARIATION 

Thee performance of the individuals chart with the decision rules described in 
Sectionn 5.3 has been studied through Monte Carlo simulations. This is 
necessaryy because the run rules are dependent, and the claim of Champ and 
Woodalll (1987) that exact run-length probabilities can be calculated "for any set 
off supplementary run rules" is not true, because of Rule 3. We simulated data 
fromm normal distributions, the mean in the range 0 (0.5) 2.5, and the standard 
deviationn in the range 0.5 (0.25) 1.5 (0.5) 3. For each situation five runs of 
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1,000,0000 consecutive measurements were simulated. Averages of these five 
runss are presented in Table 5.1 (the standard deviations of these averages are 
generallyy less than 0.5% except in the upper left-hand corner, where a 
maximumm of 1.6% is attained). We adopted the convention that all rules start 
withh a clean slate after a signal has been given - which agrees with the sound 
practicee of bringing the process in control before it is continued. Table 5.1 
presentss the impact of the inclusion of rule A (the equivalent of the MR-chart) 
onn the average run lengths (ARL). 

st.dev. . 

0.50 0 

0.75 5 

1.00 0 

1.25 5 

1.50 0 

2.00 0 

2.50 0 

3.00 0 

mean n 

00 0.5 1.0 1.5 2.0 2.5 

4333 23.5 10.1 8.08 4.24 2.17 

4177 47.2 13.3 7.10 3.88 2.28 

1511 43.6 13.0 6.19 3.55 2.29 

38.77 22.3 9.93 5.31 3.30 2.29 

16.00 12.3 7.39 4.59 3.11 2.28 

6.255 5.73 4.65 3.59 2.79 2.23 

3.899 3.75 3.38 2.94 2.51 2.15 

2.933 2.87 2.72 2.50 2.27 2.04 

st.dev. . 

0.50 0 

0.75 5 

1.00 0 

1.25 5 

1.50 0 

2.00 0 

2.50 0 

3.00 0 

mean n 

00 0.5 1.0 1.5 2.0 2.5 

4333 23.5 10.1 8.08 4.24 2.17 

4111 47.1 13.3 7.10 3.88 2.28 

1355 42.5 13.0 6.18 3.55 2.29 

34.22 21.0 9.78 5.29 3.30 2.29 

14.55 11.5 7.18 4.55 3.10 2.28 

5.866 5.42 4.48 3.51 2.76 2.22 

3.722 3.60 3.27 2.87 2.47 2.13 

2.833 2.78 2.64 2.45 2.23 2.02 

TableTable 5.1. Average Run Lengths without and with Rule A 

Thee in-control (|i=0, CT=1) ARL decreases from 151 to 135 (10.6%) when rule A 
iss added to the SPC system with decision rules 1-4. The only situation with a 
largerr decrease in ARL is a slightly larger standard deviation (n=0, a=1.25), 
whenn the ARL decreases from 38.7 to 34.2 (11.6%). For all other simulated 
combinationss of \i and a the decrease in ARL is less than 10%. So the power 
improvementt due to rule A is maximal when the process variation is slightly 
largerr than in-control; the gain compared to the extra signals when the process 
iss in control is only marginal, however. 

Inn Table 5.2 the contribution of Rule A to the performance of the SPC system is 
displayed.. For every simulated combination of mean and standard deviation the 
percentagee of signals from Rule A is given. For evaluation of the effects of the 
individuall decision rules we adopted another convention, that each signal will 
bee attributed to only one decision rule: the rule with the shortest window. So 
rulee 1 gets always first priority, then rule A, and so on. 

Tablee 5.2 confirms the conclusion from Table 5.1, that the percentage of signals 
duee to Rule A is maximal when the standard deviation is slightly higher than in-
control.. The gain compared to the in-control percentage (11.4%) is limited, 
however.. A signal from Rule A might thus point at a small increase of the 
standardd deviation, but it might (nearly) just as well mean that the process is 
stilll in control! 
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st.dev. . 

0.50 0 

0.75 5 

1.00 0 

1.25 5 

1.50 0 

2.00 0 

2.50 0 

3.00 0 

mean n 

00 0.5 

0.0%% 0.0% 

1.3%% 0.1% 

11.4% % 

13.1% 13.1% 

11.4% % 

2.8% % 

6.7% % 

8.0% % 

7.9%% 6.8% 

5.6%% 5.2% 

4.0%% 3.9% 

1.0 0 

0.0% % 

0.0% % 

0.4% % 

1.9% % 

3.5% % 

4.7% % 

4.2% % 

3.4% % 

1.5 5 

0.0% % 

0.0% % 

0.1% % 

0.4% % 

1.3% % 

2.7% % 

3.0% % 

2.7% % 

2.0 0 

0.0% % 

0.0% % 

0.0% % 

0.1% % 

0.4% % 

1.4% % 

2.0% % 

2.1% % 

2.5 5 

0.0% % 

0.0% % 

0.0% % 

0.0% % 

0.1% % 

0.7% % 

1.2% % 

1.5% % 

TableTable 5.2. Percentage of Signals from Rule A 

5.5.. INTERPRETATION OF A SIGNAL 

Whenn the SPC system with decision rules A and 1-4 issues a signal, another 
importantt question is "What is wrong with the process?" A signal from Rule 1 
mightt point at another type of process disturbance than a signal from Rule A 
(forr example). In order to see which process disturbance triggers which decision 
rule,, the contribution of the decision rules 1-4 in the ARL of the SPC-system is 
displayedd in Tables 5.3 to 5.6. The data are gathered from the same 
simulationss as above (Rule A included); the percentages of Tables 5.2 to 5.6 
addd therefore up to 100% for every combination of mean and standard 
deviation. . 

Rulee 1 (control limit exceeded) 

stdev. . 

0.50 0 

0.75 5 

1.00 0 

1.25 5 

1.50 0 

2.00 0 

2.50 0 

3.00 0 

mean n 

00 0.5 1.0 1.5 

0.0%% 0.0% 0.0% 1.1% 

2.5%% 2.1% 5.1% 

36.6%% 27.5% 29.6% 

56.2%56.2% 53.5% 54.3% 

16.1% % 

41.3% 41.3% 

61.0% 61.0% 

66.1%66.1% 66.3% 68.3% 72.7% 

78.5%78.5% 79.3% 81.1% 83.9% 

85.6%85.6% 86.1% 87.3% 89.0% 

89.9%89.9% 90.1% 90.9% 91.9% 

2.00 2.5 

9.6% % 

35.4% % 

56.3% 56.3% 

34.5% % 

66.0% 66.0% 

70.6% 70.6% 

69.9%69.9% 78.9% 

78.3%78.3% 84.1% 

86.9%86.9% 89.9% 

90.8%90.8% 92.7% 

93.1%93.1% 94.3% 

TableTable 5.3. Percentage of Signals from Rule 1 

Thee in-control percentage form Rule 1 is 36.6. This percentage increases 
markedlyy when the variation increases and/or the mean makes a large jump. A 
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smalll increase of the process variation to a=1.25 is already responsible for a 
moree than 50% relative frequency increase of Rule 1. 

Rulee 2 (2 out of 3 measurements in the same warning zone! 

st.dev. . 
0.50 0 

0.75 5 

1.00 0 

1.25 5 

1.50 0 

2.00 0 

2.50 0 

3.00 0 

mean n 
00 0.5 1.0 1.5 2.0 2.5 

0.0% % 

2.2% % 

22.6% % 

0.0%% 0.8% 

4.3%% 15.1% 

26.5%26.5% 33.9% 

25.5%25.5% 83.1% 65.5% 

43.9%43.9% 59.4% 33.9% 

42.0%42.0% 40.7% 29.2% 

24.0%24.0% 29.2% 32.9% 32.8% 

20.7% % 

13.4% % 

8.8% % 

6.1% % 

22.9%22.9% 25.0% 24.1% 

13.6%% 13.8% 13.1% 

8.7%% 8.5% 8.0% 

6.0%% 5.7% 5.3% 

28.5%28.5% 20.9% 

20.6% % 

11.6% % 

7.2% % 

4.8% % 

15.6% % 

9.4% % 

6.1% % 

4.2% % 

TableTable 5.4. Percentage of Signals from Rule 2 

Thee in-control percentage of signals from this rule is 22.6. In the following 
situationss the share of Rule 2 in out-of-control signals is larger: 

 a large shift in the mean and smaller variation; 
 a medium shift in the mean and unchanged variation; 
 a small shift in the mean and increased variation. 

Notee that Rule 2 is almost as sensitive as Rule A to detect a 25% increase of 
thee process variation. 

Rulee 3 (6 measurements in a row increasing or decreasing) 

st.dev. . 

0.50 0 

0.75 5 

1.00 0 

1.25 5 

1.50 0 

2.00 0 

2.50 0 

3.00 0 

mean n 

00 0.5 

15.0% 15.0% 

14.0% 14.0% 

4.3% % 

0.6% % 

1.4% % 

1.1% % 

1.0%% 0.5% 

0.3%% 0.2% 

0.0%% 0.0% 

0.0%% 0.0% 

0.0%% 0.0% 

1.0 0 

0.2% % 

0.2% % 

0.2% % 

0.1% % 

0.1% % 

0.0% % 

0.0% % 

0.0% % 

1.5 5 

0.1% % 

0.0% % 

0.0% % 

0.0% % 

0.0% % 

0.0% % 

0.0% % 

0.0% % 

2.00 2.5 

0.0%% 0.0% 

0.0%% 0.0% 

0.0%% 0.0% 

0.0%% 0.0% 

0.0%% 0.0% 

0.0%% 0.0% 

0.0%% 0.0% 

0.0%% 0.0% 

TableTable 5.5. Percentage of Signals from Rule 3 

Thiss decision rule is especially designed for signalling trends. No trends were 
simulated,, however, so the value of this rule is not really shown in this study. 
Butt the study does show that the number of signals from Rule 3 is more than 
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threee times higher when the process variation suddenly drops with at least 
25%. . 

Rulee 4 (9 measurements in a row above or below the central line) 

mean n 
st.dev. . 
0.50 0 

0.75 5 

1.00 0 

1.25 5 

1.50 0 

2.00 0 

2.50 0 

3.00 0 

0 0 0.55 1.0 

85.0%85.0% 99.4% 99.0% 

80.0%80.0% 92.1% 79.5% 

25.1%% 42.0% 35.9% 

5.1% % 10.1%% 10.9% 

1.5%% 2.6% 3.1% 

0.2%% 0.3% 0.3% 

0.0%% 0.0% 0.0% 

0.0% 0.0% 0.0%0.0% 0.0% 

1.5 5 

73.3% 73.3% 

40.0% 40.0% 

16.6% % 

5.8% % 

2.0% % 

0.2% % 

0.0% % 

0.0% 0.0% 

2.0 0 

7.3% % 

5.2% % 

3.0% % 

1.5% % 

0.7% % 

0.1% % 

0.0% % 

0.0% 0.0% 

2.5 5 

0.0% % 

0.1% % 

0.1% % 

0.1% % 

0.1% % 

0.0% % 

0.0% 0.0% 

0.0% 0.0% 

TableTable 5.6. Percentage of Signals from Rule 4 

Thee proportion of signals from this decision rule is higher than the in-control 
percentagee (25.1%) when the process variation is smaller or equal than 1 and 
thee shift of the process mean is small or medium. 

AA kind of a-posteriori analysis may assist in detecting the direction of an out-of-
controll situation. This will be based on the assumption that a signal from one of 
thee decision rules is the starting point of a search for an assignable cause. Of 
coursee there will be signals when the process is in control, but operators cannot 
knoww when this happens and a search is begun nonetheless. 

Whenn all possible deviations are equally likely, the following directions might 
roughlyy apply (we limit ourselves to the simulated cases). 
Rulee 1 - increased process variation and/or a large shift of the process mean. 
Rulee 2 - a medium shift of the process mean and maybe also a small change of 

thee variation. 
Rulee 3 - the process variation may be (much) smaller. 
Rulee 4 - a small shift of the process mean and maybe also less variation. 
AA signal from Rule A might indicate a larger process variation, but chances are 
equallyy likely that the process is still in control. In response to Amin and 
Ethridgee (1998) we would therefore comment that Rule A (or the MR-chart) is 
thee least suitable run rule to diagnose a shift in the mean and/or a shift in the 
standardd deviation of the process. 

Iff some specific process deviations are more likely to occur than others are, 
thenn a similar a-posteriori analysis might again point to the most likely out-of-
controll direction. If e.g. only a shift of the mean is probable, then Rule 1 points 
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att large shifts, Rule 2 at medium shifts, and Rule 4 at small shifts. The best 
conclusionn from a signal from Rule A will be that the process mean is still on 
target. . 

Thiss knowledge provides useful information for the design of Out-of-Control 
Actionn Plans. A course of action might be to list the effect of process deviations 
onn the mean and standard deviation. Thus all failure modes may be categorised 
accordingg to which rule will most likely signal. A directed search for the special 
causee may then help a quick recovery from an out-of-control situation, when a 
signall is issued. At Philips in Stadskanaal the MR-chart (or Rule A) was not 
seenn as beneficial in this respect, and is therefore not implemented. 

APPENDIX X 

AA comparison of decision rule A and the MR-chart 
Assumee that the in-control process is normally distributed with mean 0 and 
standardd deviation 1. Decision rule A signals an out-of-control situation when 
twoo successive measurements fall in two opposing warning zones, i.e. the 
intervalss [-3,-2) and (2,3]. In agreement with the convention we adopted the 
one-sidedd MR-chart signals when the distance between two successive 
measurementss is larger than the control limit c, on the condition that neither 
measurementt exceeds the control limits of the individuals chart (-3 and 3). 

Forr a comparison of decision rule A and the MR-chart procedure the following 
eventss are interesting: 

E,:: the MR-chart does signal, but rule A does not; 
E2:: rule A signals, but the MR-chart does not; 
E3:: both the MR-chart and rule A give a signal. 

Withh (j> the probability density function of the measurements the probabilities of 
thesee events are (for 4<c<5): 

2-cc 2 3-c 3 2 -c+x 3 -c+x 

P{Ei>== ( $ 1+ $j+ i \ + I JWxWyJdxdy 
-33 c+x -2 C+x c-3 -3 c-2 -2 
-2-2 c+x c-2 -2 

P{E2)=(( J J+ [ jMx>Ky)dxdy 
2-cc 2 2 -c+x 

2-cc 3 -2 3 3 - 2 c-2x-c 

P{Ea}} =(\\+ J | + \ ƒ+ | jMWyJdxdy 
-33 2 2-cx+c c-2-3 2 -3 
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Thee performance of the MR-chart is equivalent to that of decision rule A when 
P{Et}} = PfEJ. For an in-control process this is approximately true when the 
controll limit c of the MR-chart has the value 4.464. 

Forr normal alternatives with a shift in the mean and/or increased standard 
deviations,, it turns out that decision rule A is not as sensitive as the MR-chart 
(withh c = 4.464). This is shown in Tables 5.7 and 5.8, where P{E1} is always 
largerr than PfEJ in the out-of control situations. 

st.dev. . 

1.00 0 

1.25 5 

1.50 0 

2.00 0 

2.50 0 

3.00 0 

P{E,> > 

.000335 5 

.001599 9 

.003323 3 

.005578 8 

.005928 8 

.005424 4 

P{E2} } 
.000336 6 

.001129 9 

.001935 5 

.002681 1 

.002605 5 

.002271 1 

P{E3> > 

.000580 0 

.003215 5 

.007438 8 

.014192 2 

.016130 0 

.015240 0 

mean n 

0.0 0 

0.5 5 

1.0 0 

1.5 5 

2.0 0 

2.5 5 

P{EJ J 
.000335 5 

.000295 5 

.000192 2 

.000085 5 

.000024 4 

.000004 4 

P{E2} } 
.000336 6 

.000263 3 

.000125 5 

.000037 7 

.000007 7 

.000001 1 

P{E3} } 
.000580 0 

.000462 2 

.000233 3 

.000074 4 

.000015 5 

.000002 2 

TablesTables 5.7 and 5.8. Probabilities of signals owing to a shift of the mean (standard 
deviationdeviation is 1) and to increased standard deviation (mean is 0) respectively 

Thiss means that the MR-chart performs better than decision rule A when the 
processs is out of control. In the region of out-of-control situations where the MR-
chartt might be useful (a slightly increased standard deviation), the loss of using 
rulee A is limited, however. From Table 5.8 we see that for standard deviations 
betweenn 1.0 and 2.0 the probability that both methods signal (event E3) is at 
leastt a factor 4.9 higher than the difference between the probabilities that only 
onee method signals: P{E3} > 4.9 * ( P{EJ - P ^ J ) . 
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