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1. I have more time in theggummer for walking my dogs. In fact, I was able to take each of mogs on a separate L%

walk every day. For 25 consecutive days, I recorded the amount of time that I walked €actr"dog. The Minitab
worksheet Exam2_DATA_Thursday contains these walk times in columns C2-C4.

(a) [+3] Create Xbar and R charts by averaging the times for the daily three walks. Using the control charts, estimate
the process mean /1 and process standard deviation 4. Show your work for computing . Assume the process is in-

ute these values. Report your answers correct to ;{fecxmal places g/ 3
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(b) [+2] True or False. I performed Anderson-Darling normality tests for each dog’s walk ‘umes obtamed p-values
that were all greater than 0.2. We can .es ude that each dog’s walk times are from a normally distributed population.
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+2 False

(¢) [+3] From what we’ve discussed in this class, the AD normality test returns p-values less than the Ryan-Joiner p-
values when the data ...

+

A. Is trending up or down r(%unded and appears to be integer data

C. Has a normally distributed histogram s from a small sample, such as n <15

E. [s from a large sample, such as > 50

Com checkes
T (d) [+4] By the way that I subgrouped the data, the points on the chart indicate the spread or variation
Yve S‘\’ 00 walk times between dogs ¥ o Day | : 274~ 2%k 4
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Note : L ook Sh a\L foc shoyt 1 walks — DVay 2~ 31.3-24.2= L

(e) [+3] Minitab is hoting that a point is out- of-control on t e Xbar chart at point 23. Wiat is the reason why thg point
is considered out-of-control? e WOD W \)c AN 'H\C\M e U\’\N\ WO

A. Two out of three consecutive points fal 2 20 warning limits on the same side of the center line Min ttMQ

B. Four of five consecutive points fall beyon € 1o limitjon the same side of the ce'r})[gl" fine ‘\5 Vsv \QA&()

C. Nine or more consecutive points fall to one side of center line. N D?-( 6“
A run of six or more consecutive points increasing or decreasing. PC
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(f) [+3] Since the points on the Xbar chart are so “tight” along the centerline, this is an indication that all three dogs
are getting approximately the same daily walk times, on average.
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(g) [+3] Since the points on the Xbar chart are so t1ght” along the centerline and the contr 11m1ts are exa gerated,

+3 hjs is an indication that there is more variation . J_.\, g .ﬂ 3‘: ye cc wvse We

Retween the dogs’ walking times than within each dog’s walking times. . a’~ :
ithin each dog’s walking times than between the dogs’ walking times. ale C() i o kQF] ‘/
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Problem 1\continued. For parts (h)-(m), we’ll just consider Shay’s walk times. Assume his walk times are normally
distributed for the following parts.

(h) [+3] Create I and MR charts by using Shay’s walk times. Using the control charts, estimate the process mean /i

and process standard deviation 6. S work for computing 6. Report your-amsweTs correctyto 8 decimal places.
R

oR 2.0
(i) [+3] What’s the probability of committing a Type I Error on the /-MR chart? You do not need to show any work 6

on this part. Report your answer correct to 3 decimal places.

As \m as UCL amd L CL ore st 45 3 s} devs 1loove om}

belns the Conbinling | the Type T taen i s 2 (0,00135) -
.&a( ot I- MR, ¥-R cthats.

(j) [+5] As school time nears, my walk times get shorter. Suppose my walk times with Shay{shift by 3 minutes.
What’s the power associated with this shift on the I-MR chart? Show yofr work, hich may just be a Minitab graphic.
Report yoir answer correct to 3 decimal places.
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(k) [+3] What is power with respect to a control chart? 1b.0 5 14.22 30‘

A large, unbiased sample FDW( B ?N)L D|31 Fho"

e probability of correctly detecting a shift in the process mean on a control s{xart when, in fact, there is a shift.

VSGRE
A small amount of variability in the population = \0\_?.7_, o i 105 b4
D. The probability of incorrectly detecting a shift in the process mean on a control chart when, in fact, tl}sre is no

shift. TJYI o ~ - H”Il d,;’ LO&L:)'

E. The probability of obtaining a poi the control chart that is either above the UCL or below the LEL. 192 3

(
‘ -
F. The probability of correctly detecting no shift in the process mean on a control chart when, in fact, there is rti 91119 b O 0(9
s 0.062
=
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(1) [+3] On average, how many walks would be required to see a shift in the mean by 3 minutes? That is, what 1s'the e, e
average run length for a shift of 3 minutes? Show your work. Report your answer correct to 3 decimal places.
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(m) [+2] How can we increase power without increasing Type T Brror? 4y Fo,
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2. Consider the Day 3 Scores of the overall winners for the Masters Golf Tournament from years 1934 to 2015, where
four years are missing due to World War II. Each point on the 7 chart below is the winning golfer’s 3™ round score.
The bottom chart is the MR movmg range chart. The year, w1nn1ng player and score are in Minitab columns C6-C8.
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(a) [+3] There are two out-of-control points circled above on the moving range chart (e.g., 1953 is one). What do
these out-of-control points on the MR chart indicate about the winning golfers’ scores for the 3™ round?

The winning golfer for that year had a large range for his 4 day golf scores. lev, (‘xl"‘ QM Vot M R
here was a large differenge between the winning golfer’s score in one yeay compared to the winning golfer’s

ofe in the next year. nR dl'F‘FMMQ/ i ’l COV\%LU{N@,

C. The winning golfer had a lgrge difference in his winning score compated to fthe 2™ place golfer’s score for that

year.

D. There was a large difference in the winning golfer’s Day 3 score compared to his Day 3 scores from other golf
tournaments besides the Masters.

E. It’s the maximum score minus the minimum score for all golfers playing in the tournament that year.

(b) [+3] The following is a normality plot for the winners’ Day 3 scores. Why is the Anderson-Darling p-value so
low even though the data appears to be from a normal distribution?

Probability Plot of Round 3 Scores
Normal
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+ 3 Round 3 Scores
ecause the golf scores are discrete values and there are “stacks” of points at integer values.

B Because we forgot to add a decimal point and then a 0 after the scores to spread them out evenly along the plotted
normality line. In other words, we should have 70.0 instead of 70, and 73.0 instead of 73, and 68.0 instead of 68, ...

C. Because the golf scores do not follow a linear pattern.
D. Because the golf scores need to be transformed, and then they will appear normally distributed. o

E. Because it was computed incorrectly in Minitab.




3. True Story: According to a speaker from Frito Lay who spoke to my Quality Control class, Pepsico was having
problems with Gatorade bottle logos on their containers. The problem occurred due to off-center labels on the bottles.
The excessive variation in the position of the labels detracted from the appearanmmsf%
affecting the company’s sales of this product.

To gain some insight into the problem, the deviations of label heights.from the or 60 consecutive bottles were
measured. The schematic diagram in the figure below indicates how labels were applied to bottles by a rotating drum

with six label applicators spaced around its surface. H"“f + 18 (nter ;\\ Lot
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7 e Below are the autocorrelation plot for the 60 consecutive bottle measyrements and the boxplots of deviations of label
/ “\heights from the target for each of the six applicators. \ a0 ‘{j"
ré N Autocorrelation Function for Deviation Boxplots of Applitators’ Distances from Targe&
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/ Lag & Applicator 1 Applicator 2 Applicator 3 Applicator 4 Applicator 5 Ap’qicators
(a) ’[/+‘5] Circle ALL the following statements t\&are true regarding the bottling process. /
¢ On a control chart, the 3 point would be out-of-control below the LCL and the 6® point would be out-of-control

{ :
above the UCL. +hat's ot whax the laop mean's als, on ava ¢t wr it vor e
Applicator 2 has the Jargest variation in placing the labgl on the bottle. 3 4

£y dhove Ut

g here is W%n label placement for every w@%
On an / chart, the 3™ point would plot below 0 and the 6 point would plot above 0. hy- gy {) & Tk (

Applicator 6 places the label higher than the other applicators do.
bb\( ‘O‘f’ WA S0 et 1‘9\;; m&%

Applicator 1 places the label closest to the center with respect tosall the applicators.

the first applicator places the label low, then the %gjlrt#al'aphcgtg{'ﬁia'c(emgh?%nd \JT 1‘%{{ 'qué?évi;*tmsg "W”’ g

g-flop pattern for every third applicator. \{eﬁl +hd' S WhaX' “)L Vien, akciy \ aF & Meom <

(b) [+4] Xbar-R charts for tracking deviations from the target by subgrouping bottleg across Ypplicators 1-6 would
most likely produce an Xbar chart with the following characteristic. e

N l EAES
¥ ‘T “too good to be true” pattern with consecutive subgroups plotting close to the chart’s centegifnen{ Vaciatinm olioey
B. A

trending pattern, such as a string of 6 consecutive points increasing or 6 consecutive points decreasing QW s m-,{p,j
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C. Points that plot outside the Xbar chart’s lower or upper control limit
1)

D. A jig-jag pattern (up and down pattern) that indicates tampering with the process
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4. [+4] A proces thin tubes of plastic into useable drinking straws fot toddlers. The To ng samples of
subgroups of size lengths (in mm) of straws drawn from the process when it was known to be “in-control.”
The lengths are assusred to befiormally distributed
g y distributed A ke %b@

Subgroup

Observation 1 | Observation 2 | Observation 3 | Observation 4 | Observation S | Ranges

Number
1 o5 78.8 80.1 78.4 81.0 2.6
2 80.5 78.7 ~ 81.0 80.4 80.1 2.3
3 79.8 79.9 80.4 80.3 80.8 1.0
4 78.9 79.4 79.7 79.6 80.6 1.7
5 80.5 79.6 80.4 80.8 78.8 2.0
6 79.8 80.6 80.5 80.0 81.1 1.3

Note: X = 80.0 mm and R = 1.82 mm.

What are the approximate upper control limits of the X and R charts for this process? Round calculated values to 2
decimal places. Use control chart constants with 3 decimal place accuracy.

A UCLg ~ 8088, UCLy ~ B. UCLg §1 SUCLa~ 8 ‘
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5. [+6] We have a process that is not normally distributed. We use Minitab’s “Individual Distribution Identification
function to suggest possible distributions that more accurately fit the process data. Using the most appropriate
distribu om the Minitab output below, determine the probability that the data meets its spemﬁc_ﬁﬁbns of‘L‘SL"~
Report-yeous-ans

how your work below in determining this probability, which may be the sketch of a
0 ver_correct to 3 decimal p\aces

Goodness of Fit Test mo;;t e d"(lﬂn "i LT TD

Distribution AD P p ) =
. 1.964 <0.005 051—-"5

Weibull 0,183 >0.250
S 5 5
Largest Extreme Value 0o 728
LOngth 1,169 < i

7”‘) Used Lafﬁgst Extrae Vodus, not the BEsT choice ! b
ML Estimates. pf Dlstrlbutlon Parameters
Dl SiE el loyuliE ik Location Shape blSé"'al«df\B'f'f'lreshold -
Weibull 1.07049 5.0912) 7
Smalle Teme value 7. 67082 T 4577 Q\_\ 7,
Largest Extreme Value 3, 020735 2597033 /
Logistic 4,24323 k 2, 36915 \2_
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r warm-up times X will be plotted on

an I-MR chart.
not from a normal distribution and a transformation o

the data is required to “convert” the times to normally i 95.09: S
distributed data. According to the Box-Cox plot and the Estimate 016
fact that you’ll need to explain the transformation to Lower CL -0.14
your manager, which is the most appropriate Mppeecl iy
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7. [+24, 43 each] True/False Statements Thefe are MV]-H Q( \UI\S] MS AT JIROMA_ —
A. True or False. When selecting a rational subgroup for an Xbar-R chart, we do so in a why that minimizes thq—h&s&
variation within that subgroup and maximizes, the opportunity for variation between subgroups. W

= \ False
txm?& @ an-swcrs

B. True or False. A process can be_inycoptro an I-MR chart, but not capable of satisfying a customer’s,
= _d 12

specification requ1rements of N :
& Bu-( Specs - “l +° True alse VJIASI M
init 2 by
DL = UT specs Tot tun Close +
Is has a non-nérma dlStl‘IbIlfmn with a mean|of i =2.58 inches and At

: 4
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C. The diaméfer of a bad brand of tennis ‘
standard deviation of ¢ = 0.05 inch. Let X represent the diameter. Tnose

LoL=7
UL<q

True or False. We can determine the following probability for one ball from this population: @ 2.57).

ND we &m t&ww V\I)\!o\\ hm nom\& c)m’( ﬂ\a{
True or False. We can determine the followy
\{es! Ba h CLT)

the balls (fropf thefproblem above) is from a normal distribution with the same mean and

_~tiahts drowmd 252 rhom X

(Xbar <2.57){No work necessary.
* P

A
E. True or False. In general, the prgbéahty of comfnlttmg a Type I error using only Rule 1 for special causes is the

same on both the Xbar and I charts. 2.52
Fal
3[\Nﬂ~£ + 3¢ o,\& £21 L) lw& . CL -

F. True or False. When cteating an Xbar-R control chart, using all the Minitab tests for special causes increases the

probability of committing a Ty%ll@ror.
Tupe T owa True

G. True or False. On an I-MR chart, suppose the probabilities of committing Type I Errors by applying 3 different
special cause rules are 0.05, 0.045, and 0.08, respectively>l“g<eoverall probability of committing a Type I Error if all

D. Suppose the diameter
standard deviation.

True or False. P(X <2.57) would bg

three rules are applied at the same time is approximately 03%95. Assume independence of the rules.

Plioreale ax Joagt oo SPEoiak Couse- W) = (e Q,;
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|- (099)(0.955) (0,97) 2 0.163




