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Explain the difference between attribute control charts and
variable control charts.

How are mean (x-) and range (R-) charts used together?
What is the purpose of a pattern test?

What determines the width of the control limits in a
process chart?

Under what circumstances should a c-chart be used instead
of a p-chart?

What is the difference between tolerances and control limits?
Why have companies traditionally used control charts with
3-sigma limits instead of 2-sigma limits?

PROBLEMS
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The Great North Woods Clothing Company sells spe-
cialty outdoor clothing through its catalogue. A quality
problem that generates customer complaints occurs when
a warehouse employee fills an order with the wrong
items. The company has decided to implement a process
control plan by inspecting the ordered items after they
have been obtained from the warehouse and before they
have been packaged. The company has taken 30 samples
(during a 30-day period), each for 100 orders, and
recorded the number of “defective” orders in each sample,
as follows:

Number of Number of

Defectives Sample Defectives
12 16 6
14 17 3
10 18 7
16 19 10
18 20 14
19 21 18
14 22 22
20 23 26
18 L 20
17 25 L}

9 26 18
B 7 19
14 28 20
12 29 17

7 30 18

Construct a p-chart for the company that describes 99.74%
(30) of the random variation in the process, and indicate if
the process seems to be out of control at any time.

The Road King Tire Company in Birmingham wants to
monitor the quality of the tires it manufactures. Each day
the company quality-control manager takes a sample of
100 tires, tests them, and determines the number of defec-
tive tires. The results of 20 samples have been recorded as
follows:

4-8.

4-9.

4-10.

4-11.
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Select three service companies or organizations you are fa-
miliar with and indicate how process control charts could
be used in each.

Visit a local fast-food restaurant, retail store, grocery store,
or bank, and identify the different processes that control
charts could be used to monitor.

Explain the different information provided by the process
capability ratio and the process capability index.

For the Goliath Tool Company in Example 4.4, if the de-
sign tolerances are +0.07 cm, is the process capable of
meeting tolerances of +0.08 cm for the slip-ring bearings?

Number of

Number of

Defectives Sample Defectives
14 n 18
12 12 10
9 13 19
10 14 20
] 15 17
7 16 18
8 17 18
14 18 7
16 19 L
17 20 pX|

Construct a p-chart for this process using 2o limits and de-
scribe the variation in the process.

The Commonwealth Banking Corporation issues a national
credit card through its various bank branches in five south-
eastern states. The bank credit card business is highly com-
petitive and interest rates do not vary substantially, so the
company decided to attempt to retain its customers by im-
proving customer service through a reduction in billing
errors. The credit card division monitored its billing
department process by taking daily samples of 200 cus-
tomer bills for 30 days and checking their accuracy. The
sample results are as follows:

Number of Number of

Sample Defectives Sample Defectives
1 1 10 10
2 12 1 9
3 12 6
4 13 3
5 5 14 2
6 15 8
1 10 16 10
8 A 17 12
9 14 18 14

(Continued)
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Number of

Nombe: of
Defectives Sample Defectives
16 25 15
15 26 14
13 Y 16
9 28 17
10 29 15
12 30 14

Develop a p-chart for the billing process using 30 control
limits and indicate if the process 1s out of control.

In the assembly process for automobile engines, at one
stage in the process a gasket is placed between the two sec-
tuons of the engine block before they are joined. If the gas-
ket is damaged (e.g.. bent. crimped). oil can leak from the
cylinder chambers and foul the spark plugs, in which case
the entire engine has to be disassembled and a new gasket
inserted. The company wants to develop a p-chart with 20
limits to monitor the quality of the gaskets prior to the as-
sembly stage. Historically, 2% of the gaskets have been de-
fécﬁ\'e, and management does not want the upper control
limit to exceed 3% defective. What sample size will be re-
quired to achieve this control chart?

The Great North Woods Clothing Company is a mail-order
company that processes thousands of mail and telephone
orders each week. They have a customer service number to
handle customer order problems. inquiries. and com-
plaints. The company wants to monitor the number of cus-
tomer calls that can be classified as complaints. The total
number of complaint calls the customer service department
has received for each of the last 30 weekdays are shown as
follows:

Complaint

Calls Day Calls
7 16 19
15 17 12
38 18 17
4] 19 18
19 20 26
23 2 31
2 n 14
16 3 18
33 24 26
35 25 i
26 26 35
42 7 20
40 28 12
35 29 16
25 30 15

2. Construct a c-chart for this process with 3o control lim-

its and indicate if the process was out of control at any
time

b. Wha‘t nonrandom (i.e., assignable) causes might result

in the process being out of control?

N

in the process of making denim

S ‘

4-6. g:es(gul:; ;‘35;”; Company 1S to .spinv cotton )_anl,m:n:’
spindles for subsequent use i the “t?a?'mg Process Oces.
sionally the yam breaks during the spinning Process
= opel"ﬂmf {ies it back together. Some number of breaks ;
considered normal; however. too many breaks May meg,
that the yarn 18 of poor quality. In order to monitor
process. the qualily~cnntr0] manager randomly selects
spinning machine ca.ch hour and check$ th.e number o
breaks during 2 15-minute period. Following is a SUMmgp,
of the observations for the past 20 hours: ’

Number of Number of
Somple Breaks Sample Breaks

1 3 n 3

2 2 12 4

3 4 13 b

4 1 14 7

5 5 15 §

6 3 16 6

7 2 17 5

8 4 18 7

9 0 19 g

10 2 20 b
Construct a c-chart using 3o limits for this process and ip-
dicate if the process was out of control at any time.

4-7. The Xecko Film Company manufactures color photo-
graphic film. The film is produced in iarge rolls of varioys
lengths before it is cut and packaged as the smaller roles
purchased in retail stores. The company wants o monitor
the quality of these rolls of film using a c-chart. Twenty-
four rolls have been inspected at random. and the numbers
of defects per roll are as follows:

Number of Nember of
Roll Defects Roll Defedts
1 12 13 12
2 8 14 13
3 5 15 y
4 1 16 8
5 14 17 7
b 9 18 1
I 10 19 9
s n 20 13
: B 2 17
1 6 n 16
N 15 23 1
12 10 " T
Construct a c-chart with 2¢ limits for this process and indi-
" cate if the process was out of control at any time.

Telecom manufactures electronic components for comput-
ers. One measure it uses to monitor the quality of its distn-
bution process is the number of customer invoice errors. The
distribution center manager monitored the company’s order
processing and distribution by recording the number of I
voice errors for 30 days. The sample results are as follows:
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Number of Number of
Errors Day Errors
4 16 b
b 17 9
2 18 12
5 19 10
1 20 n
3 yA| 8
4 2 8
7 3 7
6 vl 3
5 25 4
10 26 7
8 7 10
9 2 12
9 29 12
1 30

14

Construct a c-chart with 3o limits for invoice errors and in-
dicate if the process was out of control at any time.

The National Bread Company daily delivers multiple or-
ders by truck from its regional distribution center to stores
in the Wayman's Supermarket chain. One measure of its
supply chain performance is the number of late deliveries.
The company’s goal is to make all deliveries within one
day, so a delivery is late if it exceeds one day. The total

number of late deliveries for each of the past 20 days are as
follows.

Late

Late
Deliveries Day Deliveries

7 Al b
16 12 12
14 13 15
8 14 10
19 15 17
12 16 16
10 17 14
14 18 12
19 18

1 20

20

Construct a c-chart for late deliveries with 3o control lim-
its and indicate if the delivery process was out of control at
any time.

BooksCDs.com sells books, videos, DVDs, and CDs
through its Internet Web site. The company ships thou-
sands of orders each day from seven national distribution
centers. BooksCDs.com wants to establish a p-chart to
monitor the quality of its distribution process, specifically
the number of “problem” orders. A problem order is one
that is delivered to a customer late (i.e., after five days), in-
correct or incomplete. The company sampled 500 orders
every other day for 20 days and tracked them to final cus-
tomer delivery, the results of which are as follows.

Sample

1
2
3
4
5
6
l
8
9
10

4-11.
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Number of Number of
Problem Orders  Sample Problem Orders
14 A 38
22 12 24
36 13 15
17 14 12
25 15 10
41 16 16
18 17 9
19 18 2
26 19 18
28 20 12

Construct a p-chart for this process using 3o limits and in-
dicate if the process was out of control.

Valtec Electronics fills orders for its electronic components
and parts by truck to customers through several distribution
centers. A measure of its supply chain responsiveness is
order fulfillment lead time, which is the number of days
from when a company receives an order to when it is deliv-
ered to the customer. A distribution center manager has
taken 20 samples of 5 orders each during the month and
recorded the lead time for each as follows.

Lead Time (Days)

1 1.3 24 0.7 30 1.8
2 21 1.2 1.0 25 36
3 42 33 26 1.5 30
4 1.6 21 28 0.9 1.5
5 2.6 30 14 4.6 1.9
6 0.8 27 58 37 45
1 26 35 3.1 36 14
8 34 6.1 1.5 25 28
9 31 25 22 29 1.8
10 24 48 5.9 32 44
1 1.9 27 34 22 04
12 6.1 49 21 3.6 5.2
13 1.2 34 28 23 45
14 24 29 34 23 15
15 37 10 14 24 33
16 3.6 217 48 20 1.7
17 04 18 6.5 32 48
18 53 29 34 48 44
19 27 36 29 4.1 5.2
20 31 1.8

4-12.
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Construct an x-chart to be used in conjunction with an

R-chart using 3o limits for this data and indicate if the
process is in control.

The Stryker Baseball Bat Company manufactures wooden
and aluminum baseball bats at its plant in New England.
Wooden bats produced for the mass market are turned on a
lathe, where a piece of wood is shaped into a va' with a
handle and barrel. The bat is cut to its specified length and
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then finished in subsequent processes. Once bats are cut o

length, it is difficult to rework them into a different style,

so it is important to catch defects before this step. As such,
bats are inspected at this stage of the process. A specific

style of wooden bat has a mean barrel circumference of 9

inches at its thickest point with a standard deviation of 0.6

inch. (The process variability is assumed to be normally

distributed.)

a. Construct a mean control chart for this process for 3o
limits and a sample size of 10 bats.

b. Three samples are taken, and they have average bat di-
ameters of 9.05 inches, 9.10 inches, and 9.08 inches. Is
the process in control?

¢. What effect will increasing the sample size to 20 bats
have on the control charts? Will the conclusions
reached in part (b) change for this sample size?

A machine at the Pacific Fruit Company fills boxes with

raisins. The labeled weight of the boxes is 9 ounces. The

company wants to construct an R-chart to monitor the fill-
ing process and make sure the box weights are in control.

The quality-control department for the company sampled

five boxes every two hours for three consecutive working

days. The sample observations are as follows:

Sample Box Weights (oz)
] 9.06 9.13 8.97 8.85 8.46
2 8.52 8.61 9.09 9.1 8.95
3 9.35 8.95 9.20 9.03 8.42
4 9.17 9.21 9.05 9.01 9.53
5 9.21 8.87 8.71 9.05 9.35
b 8.74 8.35 8.50 9.06 8.89
7 9.00 9.21 9.05 9.23 8.78
8 9.15 9.20 9.23 9.15 9.06
9 8.98 8.90 8.81 9.05 9.13
10 9.03 9.10 9.26 9.46 8.47
11 9.53 9.02 9.1 8.88 8.92
12 8.95 9.06 8.95

4-14.

1
2
3
4
5
6
7

9.10 9.00

Construct an R-chart from these data with 3o control lim-
its, plot the sample range values, and comment on process
control.

The City Square Grocery and Meat Market has a large
meat locker in which a constant temperature of approxi-
mately 40°F should be maintained. The market manager
has decided to construct an R-chart to monitor the tempera-
ture inside the locker. The manager had one of the market
employees take sample temperature readings randomly five
times each day for 20 days in order to gather data for the
control chart. Following are the temperature sample obser-
vations:

Temperature (°F)

46.3 48.1 425 431 39.6
412 40.5 378 36.5 423
40.1 413 35 332 367
423 441 395 3117 38.6
352 38.1 405 1.1 423
40.6 4.7 38.6 435 4.6
332 38.6

4.5 40.7 43.

Sample
8

9
10
1
12
13
14
15
16
17
18
19

20

4-15.

Sample

Temperature (°F)
1.8 40.0 41.6 407 393
424 4.6 40.8 409 423
447 36.5 373 353 4.
42.6 435 354 36.1 38.2
40.5 404 39.1 32 416
53 40 431 M7 NS
364 a5 36.2 389 40.1
05 W3 %2 Bl %8
3.5 38.2 376 341 38.7
37.6 40.6 403 397 41.2
1.0 343 391 45.2 437
409 423 376 354 348
3.6 39.2 393 412 3.6
a. Construct an R-chart based on these data using 3o lim-

its, and plot the 20 sample range values.
a. Does it appear that the temperature is in control accord-
ing to the criteria established by management?
The Oceanside Apparel Company manufactures expensive,
polo-style men’s and women's short-sleeve knit shirts at its
plant in Jamaica. The production process requires that ma-
terial be cut into large patterned squares by operators,
which are then sewn together at another stage of the
process. If the squares are not of a correct length, the final
shirt will be either too large or too small. In order to moni-
tor the cutting process, management takes a sample of four
squares of cloth every other hour and measures the length.
The length of a cloth square should be 36 inches, and his-
torically, the company has found the length to vary across
an acceptable average of 2 inches.
a. Construct an R-chart for the cutting process using 3o
limits.
b. The company has taken 10 additional samples with the
following results:

Measurements (in.)

1 313 36.5 38.2 36.1
2 334 358 379 36.2
3 321 3438 1 353
4 36.1 372 36.7 U2
5 351 38.6 372 336
b 334 345 36.7 324
1 38.1 39.2 35.3 7
8 354 36.2 36.3 343
9 31 394 381 36.2
10 356

4-16.

4-17.

32.] 340 36.1

Plot the new sample data on the control chart constructed
in part (a) and comment on the process variability.

For the sample data provided in Problem 4-13, construct an
x-chart in conjunction with the R-chart, plot the sample ob-
servations, and, using both x- and R-charts, comment on
the process control.

For the sample data provided in Problem 4-14, construct an
x-chart in conjunction with the R-chart, plot the sample ob-
servations, and, using both x- and R-charts, comment on
the process control.
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Construct an x-chart in conjunction with an R-chart using
3o limits for the delivery process.

The Great Outdoors Clothing Company in Problem 4-31
has designed its packaging and delivery process to deliver
orders to a customer within 3 business days *1 day, which
it tells customers. Using the process mean and control lim-
its developed in 4-31 compute the process capability ratio
and index, and comment on the capability of the process to
meet the company's delivery commitment.

Martha's Wonderful Cookie Company in Problem 4-28 has
designed its special super chocolate-chip peanut butter cook-
ies to have 8 chocolate chips with tolerances of *2 chips.
Using the process mean and control limits developed in
4-28, determine the process capability ratio and index, and
comment on the capability of the cookie production process.
The Pacific Fruit Company in Problem 4-13 has designed
its packaging process for boxes to hold a net weight (nomi-
nal value) of 9.0 oz of raisins with tolerances of +0.5 oz.
Using the process mean and control limits developed in
4-13, compute the process capability ratio and index, and
comment on the capability of the process to meet the com-
pany’s box weight specifications.

Sam’s Long Life 75-watt light bulbs are designed to have a
life of 1125 hours with tolerances of =210 hours. The
process that makes light bulbs has a mean of 1050 hours,
with a standard deviation of 55 hours. Compute the process
capability ratio and the process capability index, and com-
ment on the overall capability of the process.

Elon Corporation manufactures parts for an aircraft com-
pany. It uses a computerized numerical controlled (CNC)
machining center to produce a specific part that has a de-
sign (nominal) target of 1.275 inches with tolerances of
+0.024 inch. The CNC process that manufactures these
parts has a mean of 1.281 inches and a standard deviation
of 0.008 inch. Compute the process capability ratio and
process capability index, and comment on the overall capa-
bility of the process to meet the design specifications.
Explain to what extent the process for producing Sam’s
Long Life bulbs in Problem 4-35 would have to be im-
proved in order to achieve 6-sigma quality.

The Elon Company manufactures parts for an aircraft com-
pany using three computerized numerical controlled
(CNC) turning centers. The company wants to decide
which machines are capable of producing a specific part
with design specifications of 0.0970 inch £0.015 inch. The
machines have the following process parameters—ma-
chine 1 (x = 0.0995, ¢ = 0.004); machine 2 (x = 0.1002,

4-39.
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a = 0.009); machine 3 (x = 0.095, o = 0.005). Determine
which machines (if any) are capable of producing the prod
ucts within the design specifications

The Rollins Sporting Goods Company manufactures base-
balls for the professional minor and major leagues at its
plants in Costa Rica. According to the rules of major
league baseball, a baseball must weigh between 142 and
149 grams. The company has taken 20 samples of five
baseballs each and weighed the baseballs as follows

Sample Weight (gm)

] 143.1 142.5 148.1 1494 146.3
2 1458 144.0 149.8 141.2 143.5
3 140.3 144.5 146.2 140.4 149.7
4 1434 145.2 147.8 144.1 148.6
5 142.5 1417 139.6 1454 1463
b 1474 1452 1450 1503 1512
1 1447 145.0 145.2 140.6 139.7
8 1414 138.5 140.3 142.6 1444
9 151.3 149.7 145.4 1482 1490
10 137.3 144.6 145.8 1419 1445
il 142.3 1447 1416 1458 1483
12 143.6 145.4 145.0 1443 149.1
13 148.4 147.3 149.1 1406 1409
14 151.3 150.6 147.2 1483 1465
15 145.2 146.3 1412 1425 1427
16 146.3 147 4 148.2 1454 145.1
17 143.9 144.6 145.2 146.1 146.3
18 145.6 1453 1421 1467 1443
19 142.8 1417 1409 1456 1463

142.3 147.5 145.0 149.4

)
LS

4-40.

4-41.

Sample

1454
Construct an x-chart in conjunction with an R-chart to

monitor the baseball-making process, and comment on the
capability of the process.

Explain to what extent the process for manufacturing base-
balls in Problem 4-39 must be improved in order to achieve
60 quality.

At Samantha’s Super Store the customer service area
processes customer returns, answers customer questions and
provides information, addresses customer complaints, and
sells gift certificates. The manager believes that if customers
must wait longer than 8 minutes to see a customer service
representative they get very irritated. The customer service
process has been designed to achieve a customer wait time
of between 6 and 12 minutes. The store manager has con-
ducted 10 samples of five observations each of customer
waiting time over a two-week period as follows:

Wait Time (min)
] 8.3 9.6 10.2 14 31
2 28 5.9 6.7 8.3 9.2
3 1.3 14 16.2 201 9.5
4 10.7 1.5 9.8 1.3 45
5 43 124 10.6 16.7 1.3
6 53 9.7 10.8 11.3 14
1 18.2 121 36 9.5 142
8 8.1 103 8.9 1.2 56
9 9.3 124 137 13 5.2
10 6.7 8.5 8.0 10.1 123
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LCL = i’ — I0% - )
=501 — 30.08/V10) -

=493 -
imi ich indicates that the |
N f the sample means (x) falls outside these control limits, which 1n
one 0 s

is i “hart.
process 1s in control and this 1s an accurate control ¢

X i las are used to
In the second approach to developing an -chart, the following formu

compute the control limits:

UCL=x+ AEE
LCL = x — AR

where x is the average of the sample means and R s the ave;aje ran.gec;r:(li:(: {:‘2 ,lt; 1:1 :—a:ul-
imi in 1.

i lish the control limits. Values 0 z.art? s .
g T lslly for determining the control limits for x-charts and are

¢ developed specifica . ‘
Z:t?;)a‘::l;le to threi—standard deviation (3¢) limits. These table values are frequently used

to develop control charts.

Table 4.1
Factors for
Determining Control

2 1.68 0 327
Limits for x- and 3 1.02 0 257
R-Charts 4 0.73 0 2.28

5 058 0 211

6 048 0 200

7 0.42 0.08 1.92

8 0.37 0.14 186

9 0.34 0.18 182

10 0.31 0.22 178
11 0.29 0.26 174
12 0.27 0.28 172
13 0.25 0.31 169
14 0.24 0.33 167
15 0.22 0.35 165
16 0.21 0.3 164
U 020 0.38 162
id 0.19 0.39 161
19 0.19 040 1,60
20 0.18 0.41 159
21 017 043 158
£ 047 043 157
23 0.16 0.44 156
24
. 0.16 0.45 155

0.15 0.46 1.54




CASE PROBLEM 4.2

Quality Control at Grass, Unlimited
Mark Sumansky owns and manages the Grass, Un-
limited, lawn-care service in Middleton.” His cus-
" tomers include individual homeowners ~and
* businesses that subscribe to his service during the
winter months for lawn care beginning in the spring
and ending in the fall with leaf raking and disposal.
Thus, when he begins his service in April he gener-
ally has a full list of customers and does not take on
additional customers unless he has an opening.
However, if he loses a customer any time after the
first of June, it is difficult to find new customers,
since most people make lawn-service arrangements
for the entire summer.

Mark employs five crews, with three to five work-
ers each, fo cut grass during the spring and summer
months. A crew normally works 10-hour days and
can average cutting about 25 normalsize lawns of
less than a halfacre each day. A crew will normally
have one heavy-duty, widecut riding mower, a regu-
lar power mower, and trimming equipment. When a
crew descends on a lawn, the normal procedure is
for one person fo mow the main part of the lawn with

‘the riding mower, one or two people to frim, and one
"person to use the smaller mower to cut areas the rid-
~ing mower cannot reach. Crews move very fast, and
they can often cut a lawn in 15 minutes.
Unfortunately, although speed is an essential
- component in the profitability of Grass, Unlimited, it

Over a three-day period Lisa accumulated the fol-

can also contribute to quality problems. In his or her
haste, a mower might cut flowers, shrubs, or border
plants, nick and scrape frees, “skin” spots on' the
lawn creating bare spots, trim too close, scrape
house paint, cut or disfigure house trim, and destroy
toys and lawn furniture, among other things. When
these problems occur on a too-frequent basis, a cus-
tomer cancels service, and Mark has a difficult time
getting a replacement customer. In addition, he gets
most of his subscriptions based on word-okmouth
recommendations and retention of previous cus-
tomers who are satisfied with his service. As such,
quality is a very important factor in his business.

In order to improve the quality of his lawn-care
service, Mark has decided to use a process control
chart to monitor defects. He has hired Lisa” Ander-
son to follow the teams and check lawns for defects
after the mowers have left. A defect is any abnor-
mal or abusive condition created by the crew, in-
cluding those items just mentioned. It is not possible
for Lisa to inspect the more than 100 lawns the ser-
vice cuts daily, so she randomly picks a sample of
20 lawns each day and counts the number of de-
fects she sees at each lawn. She also makes'a note
of each defect, so that if there is a problem, the
cause can easily be determined. In most cases the
defects are caused by haste, but some defects can
be caused by faulty equipment or by a crew mem-
ber using a poor technique or not being attentive.

lowing data on defects; DAY . DAY2 s
Nember = Number | Number
DA o ARl DAY S el Dok | Sample Deects Sample D
s ; il i B RS BT ol 1
Sample Defocts~ | Somple - Defecs £ 14 5 14 5
Lk 1 o e e R
3 Bt |e 5y bl 411 4
i ' ko, a0 e e
Gryion i gl Sl R
i Yeant Lo sl T A TR e e
- B e ' ‘
: ; . : g Gl : 3,;_:{.;‘ ' Dovelopq process control chart for Grass, Unlim-
o 6 ikl 2;;.‘,« ited, to monitor the quuliry of its lawn service using
¥ el 6 | 0. 20 2sigma limits. Describe any other quality-control or
W & Q90 4 | 115 2. quadlity-management procedures you think Grass
12 7 12 LI el Unll!nlfod, might employ to improve the quality of its
St . service.



CASE PROBLEM 4.3

Improving Service Time at Dave's Burgers
Dave's Burgers is o fastfood restaurant franchise in
Georgia, South Carolina, and North Carolina. Re-
cently, Dave's Burgers has followed the lead of larger
franchise restaurants like Burger King, McDonald'’s,
and Wendy's and constructed drivethrough windows
ot all its locations. However, instead of making
Dave's Burgers more competitive; the drive-through
windows have been a source of continual problems,
and it has lost market share fo its larger competitors
in almost all locations. To identify and correct the

-problems, top management has selected three of its

‘restaurants (one in each state) as test sites and has
implemented a TQM program at each of them. A
-quality team made up of employees, managers, and
quality specialists from company headquarters, at

‘the Charlotte, North Carolina, fest restaurant using
traditional TQM methods like Pareto charts, check

-sheets, fishbone diagrams, and process flowcharts,
have determined that the primary problem is slow,

" erralic service at the drivethrough window. Studies
 show. that from the time a customer arrives at the win-
- <dow fo the-time the order is received averages 2.6
‘minutes. To-be competiive, management believes

service fime.should be reduced to at least 2.0 min-

Ciutesiand ideally 1.5 minutes.

- OBSERVATIONS OF SERVICE TIME "MIN_ :

The Charlotte Dave's Burgers franchise imple-
mented a number of production process changes to
improve service time at the drive-through window.
It provided all employees with more training across
all restaurant functions, improved the headset sys-
tem, improved the equipment layout, developed
clearer signs for customers, streamlined the menu,
and initiated even-dollar (tox-inclusive) pricing fo
speed the payment process. Most importantly the
restaurant installed large, visible electronic timers
that showed how long a customer was at the win-
dow. This not only allowed the quality team fo
measure service speed but also provided employ-
ees with a constant reminder that a customer was
waiting.

These quality improvements were implemented
over several months, and their effect was immed-
afe. Service speed was obviously improved, and
market share at the Charlotte restaurant increased
by 5%. To maintain quality service, make sure the
service time remained fast, and continue to improve
service, the quality team decided to use a statistical
process control chart on a continuing basis. They
collected six service fime observations daily over a
.15-day period, as follows:

Construct a control chart to monitor the service at
the drivethrough window. Defermine if your control

_-L_-&,____L_M" T Lo S LIS 8 chart can be implemented on a continuing basis or
1 162 154 13 175 230 132, if additional observations need to be collected. Ex-
2 125 1% 155 166 138 201 plain why the chart you developed can or cannot
3. 185 100 095 179 18 194  be used. Also discuss what other stafistical process
4 a0 L8 15 B A control charts Dave's Burgers might use in its overall
5 195 076 134 212 145 108 quality-management program.
6 088 250 1077 15 13 162
7 155 141 195 104 186 1.0
8 978 15 1§ 203 079 014

AN LS

) 161 185 208 102150 13

By aes Ty 120 2

£ 19 320 AY6 16T 15, 281 376
13 165 178 263 105 10 209
14 236 355 N 145 364 230
15 107 096 113 205 091 1.6
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