ACE?2013: Statisticsfor Marketing and Management (Semester 2)

Practical 5: Statistical Process Control

What you need to do

Before starting theM ni t ab practical, it would be a good idea (if you've not already d@m to
bookmark the webpage containing all of the information fem@ster 2 of ACE2013:

www. mas. ncl . ac. uk/ ~nl f 8/t eachi ng/ ace2013

To add this page to your favourites, seléetvourites — Add t o Favourit es from the menu
bar at the top. You will now be able to get to this page easilgdlgctingFavouri t es and selecting
the page from the list.

In this practical you will be using/ ni t ab to produce control charts similar to those you've seen in
recent lectured.t will really help if you have thelecture notesfor Chapter 3in front of you.

Along with assessed work from the other practical sessisolsitions to the starred questions in this
practical should be typed up and submitted (with a covertsheee the course website) to the homework
submission postbox outside the Maths & Statistics Geneffate) on the third floor of the Herschel
Building, by no later thadpm, Monday 12th May 2014.

Log into a PC and opeM ni t ab by clicking onStart — Al prograns — Stati stical
Software =M nitab 16 Statistical Software English.

Go to the ACE2013 website and click on tBal ux link in the material for Practical 5. Once opened,
you will see that there are data in the first 21 columns of tlogkaheet.

Recall from recent lectures thBulux produce 5 litre tins of paint. The management realise the®
to chance variation, not every tin will have exactly 5 litres of paint in it; whelnet tin—filling process is
under control, we were told that, = 5 litres ando = 0.15 litres.

For a period of 24 hours, the company samples 20 tins of paarydour and records the amount of
paint in each tin. The first column in yo ni t ab worksheet shows the time at which the sample was
taken; the next twenty columns show the volume of paint ied¢he twenty tins in that sample.

1. Find the sample means;, ; = 1,...,24, for each sample taken by clicking d@al c—Row
Stati stics;selectMean astheSt ati sti c and enteC2- C21 as thel nput vari abl es
(recall that column 1 just contains the times, not the actaaiple data), an8t ore resul t
i n columnC23 before clickingOK. This will store the sample means in coluf@a3. Make sure
you have done this correctly by comparing these values toghes in Table 3.1 (page 87) of the
lecture notes.

2. You could now produce am—chart for the tin—filling process. Recall that this is simplyime
series plot for the sample means, so you could now clickaoaph—Ti ne Seri es Pl ot —
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Si mpl e—0OK, and in theSer i es box enter the column which has the sample means @2i8{;
then clickOK. This should produce a graph similar to that shown in figuteoByour lecture notes.
Note that this graph will not include the control limits calated in lectures — these would have to
be superimposed by hand.

A more convenient way of producing tle-chart, which would automatically include control lim-
its, is to click onSt at —Control Charts—Vari able Charts for Subgroups—
Xbar . Using the first drop—down menu, selgdbser vati ons for a subgroup are

in one row of col ums, and in the box underneath entg2- C21, i.e. the columns in
the worksheet that contain the data. Clikkar opti ons and enter thévean (5) and the
St andar d devi ati on (0.15). ClickOK andOK again. This should produce the plot you have
in figure 3.1 of the lecture notes, with the control limitslued. Check that theCL andUCL
match those calculated on page 88 of the lecture notes, gng-and—paste this plot into your
solutions. Comment.

The default settings for the control limits on anchart inM ni t ab are+ 3 standard errors from
the mean: the so—called “3—sigma control limits”. Using Xb&ar Opti ons menu in question
3, you should see if you can work out how to produceranhart with “2—sigma control limits”.
Copy—and—paste this plot into your solutions. How does thiferdrom the chart produced in
guestion 37?

Recall form lectures that, due to the central limit theorem have

2
I N(M,“_)
n

T ~ N(5,0.001125).
We used this result to find that
Pr(false alarm) = 0.0026

when we use 3—-sigma control limits; using 2—sigma contnoitti gives
Pr(false alarm) = 0.046

(see pages 89 and 90 of the lecture notes). We cakluset ab to find these probabilities. Recall
that we can use thetandard Normal distributionZ ~ N (0, 1) here directly.

() ClickonCal c—Probability distributi ons—Nor nmal

(i) SelectCunul ati ve probability

(i) Enter theMean andSt andar d devi at i on of thestandard Normal distribution

(iv) Enterthel nput const ant as-3

(V) PressX

In theM ni t ab session window you should get:
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Cumulative Distribution Function

Normal with nmean = 0 and standard deviation = 1

X P( X<=x)
-3 0. 0013499

This is the probability that, if the process is under conteofample mean falls below the lower
control limit. The probability that a sample mean will falbove the upper control limit will be
exactly the same, owing to the symmetry of the Normal distridm, and so the Probability of a
falsealarmis just

2 x 0.0013499 = 0.0026998;

i.e. roughly the answer we got by hand in lectufdsr(i t ab is more accurate).
Use the menu options given in question 5 to verify that théabdlity of afalse alarmis

(i) 0.0455002 when we use 2—sigma control limits;
(i) 0.0124194 when we use 2.5—-sigma control limits.

Copy—and—paste any relevavtni t ab output into your solutions.

As you will have seen in lectures this week, it is often theedhst we do not know the true values
of ;. ando (in this example we were told that= 5 ando = 0.15). In such circumstances, we need
to estimate these parameters from the data. Suppose we did not know that ando = 0.15 in
the Dulux example. Then we estimate these with

— =t and

S:

for © ando respectively. The first is known as “x bar bar”, or “x double’hand is just the mean
of the sample means. The second is known as the “pooled sthdelaation”.

Click the cursor anywhere in the top window (the white winddvoee the spreadsheet) to ac-
tivate the session window, and then seledt t or —Enabl e commands. This will initiate the
M ni t ab command prompt which looks liKeTB >.

() Find z by typingMean C23 in front of the command prompt and hitting enter.

(i) Store the sample standard deviations in colu@®# by repeating question 1 but selecting
St andard devi ati on astheSt ati sti c instead ofMean (and usingC24 instead of
C23). Now at theM ni t ab command prompt type

MIB > LET C25=C24xC24
This will store the sampleariancesin column 25. Now type
MIB > SUM C25

Now use your calculator to finfl using the formula above.



*8. In question 7 you should have found that

= 4.96125 and
= 0.1795.

U 8\

You should now us&/ ni t ab to re—produce the—chart using these estimates. ClickStrat —
Control charts—Variables charts for subgroups—Xbar.

Click onXbar opti ons and now delete th¥ean andSt andar d devi ati on values from
before (we are no longer assuming that these are known). NetstheEst i mat e tab and
selectPool ed standard devi ation as theMet hod for estinmating standard

devi ati on (alsoun-tick theUse unbi asi ng const ant box). Go intotheS Limts

tab and make sure you are back to using 3—sigma control Ibeitsre selectin@K andOK again.
Copy—and—paste the resulting plot into your solutions.

*9. You should see from the plot in question 8 tivitni t ab has now used and.S to construct the
z—chart. How does this compare to the chart produced when swgressl: ando wereknown?



