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Author
Thesis Advisor
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The objective of this research was to reduce wastes from the plastic container production
process by adopting the quality control tool to analyze and indicate the cause of such problem and
to improve the production quality from November 2010 to July 2011. A check sheet was
employed in the inspection and data collection of wastes during the production process from the
Department of Quality Audit. Then, a Pareto chart was used to represent and analyze the collected
data. In this process, the frequency of problem occurrence was indicated and later prioritized
under the 80:20 Theory to determine and solve the problem in the part with largest number of

wastes. The outcome data was further analyzed by using the Fishbone Diagram in order for the

Defectives Reduction in Vacuum Forming Production
Process

Thapanan Kheowsank

Associate Professor. Dr. Suparatchai Vorarat
Engineering Management

2011

ABSTRACT

researcher to brainstorm and develop a measure to solve the problem.

Upon the implementation of the developed measure, it was found that wastes were

reduced from 1.53% to 0.53%, or equal to cost reduction of 74,862 Baht per year.
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59U 17,775.38 17,592.88 182.50 1.0

ANRABVOUTUADUNGATNOU W.A. 2553

182.5
X = ——
25

= 7.3 00.

3 a o

93109135199 4.2 WU Jagavi 152y 17,775.38 nn. lananaanadaosnii

Q

a a [~ 1 1 {
17,592.88 nn. uammgﬁaiuﬂizmumﬁwa@ 182.50 N, ﬂmﬂu%j@ﬂﬁ$ 1.00 mmmﬁ&mm

ABUNYATMEU INT 7.3 N,
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P Chart of November

0.07+

0.06

0.05 1

0.04+

0.03

Proportion

0.02 1 UCL=0.02047
0.01 4 P=0.00984

0.00 . LCL=0

T T T
i 3 5 7 9 11 13 15 17 19 21 23 25
Sample

Tests performed with unequal sample sizes

MW7 4.4 P — Chart uaasmsinadoeunnsolu@eungadnen 2553 noumsin lvilSuilge

a 9 a 9 1 A 3 ] I A
MT NN 4.3 ﬂlﬂyjﬂﬂﬁmﬂmi’)ﬂﬂWiﬂ\TV]LﬂH\TMLL’JﬂlliJf‘!ﬂ uilunuaa HAZNIUNSY "lumau

Funan 2553 neumsun lvilSuilge

POUTUNAN W.A. 2553

Sudi Suh (pn.) 9900 (NN.) VOUAY (NN.) %UDLTY
1 1,109.85 1,093.85 16.00 1.4
2 378.95 373.75 5.20 1.3
3 410.90 404.90 6.00 1.5
4 842.70 842.70 0.00 0
5 802.90 783.90 19.00 2.4




A1319N 4.3 (719)

75

POUTUNAN W.A. 2553

udi $u9 (p.) a900n (AN.) vouFa(nn.) %UBDUTY
6 1,012.15 996.95 15.20 1.5
7 1,078.75 1,066.35 12.40 1.2
8 187.70 184.10 3.60 1.9
9 114.20 113.90 0.30 0.3
10 267.80 266.40 1.40 0.5
11 299.55 297.35 2.20 0.7
12 232.90 213.70 1.20 0.5
13 1,065.25 1,036.75 28.50 2.7
14 643.00 633.20 9.80 1.5
15 732.15 722.35 9.80 2.3
16 571.60 563.80 7.80 1.4
17 418.80 413.80 5.00 1.2
18 350.90 338.70 12.20 3.5
19 468.75 463.15 5.60 1.2
20 769.85 767.05 2.80 0.4
21 727.75 721.55 6.20 0.9
22 950.85 938.25 12.60 1.4
23 777.70 766.70 11.00 1.4
24 224.10 212.50 11.60 5.2
59U 14,421.05 14,215.65 205.40 1.4
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ANNAGVDUTUADUTUNAN W.A. 2553

— 2054
X = —
24

=8.56 NN.

'
@ A o 9y

10AITN 43 WU Jagaundudiion 14421.05 nn.  dwandandeonin
= A Aa I 9 1 a A
14,215.65 AN, 4azvoudalunNscUINNITNAR 205.40 nN. Aalu3veas 1.4 AundevpaAol

FUNAVMINY 8.56 NN,

P Chart of December
0.06
1
0.05 1
0.04
c 1 UCL=0.03803
)
£ 0.031 1
Q.
o
&
0.02 -
P=0.01426
0.01 A
0.004 . LCL=0
T T T T T T T T T T T T
i 3 5 7 9 11 13 15 17 19 21 23
Sample

Tests performed with unequal sample sizes

A a 9 1 A [ 1 Y [
NNN 4.5 P — Chart wEaINsinateUnnI oAUt UAY 2553 ﬂ@ummﬂ"lmﬂiuﬂ:;;q
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A 9 a 9 1 A 1 I A
MTNN 4.4 51]’8)3;(1"(3ﬂﬁlﬂﬂsllf]‘ﬂﬂ‘WiE)\WILI]HNHLL’JﬂUbJi:(ﬂ uilunuia HAaZIUNE Glumau

uNTIAY 2554 noumsud lullsuilg

RDUNANIIAY W.A. 2554

udi Suh (nn.) 9900 (NN.) vouds(nn.) %UDLTY
1 31.80 30.40 1.40 4.4
2 131.30 128.10 3.20 2.4
3 900.90 887.10 13.80 1.5
4 398.80 385.40 13.40 34
5 514.55 508.55 6.00 1.2
6 301.20 300.00 1.20 04
7 436.70 416.90 19.80 4.5
8 884.50 884.50 0.00 0
9 823.75 799.75 24.00 2.9
10 1,233.85 1,223.25 10.60 0.9
11 1,140.75 1,118.95 21.80 1.9
12 792.65 781.45 11.20 1.4
13 222.30 216.50 5.80 2.6
14 252.60 251.40 1.20 0.5
15 197.50 195.70 2.00 1.0
16 29.10 29.10 0.00 0
17 1,285.25 1,279.25 6.00 0.5
18 846.35 836.95 9.40 1.1
19 1,023.40 1,012.40 11.00 1.1
20 1,065.50 1,055.50 10.00 0.9
21 1,115.75 1,098.55 17.20 1.5
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A1319N 4.4 (19)

POUNNIIAY W.A. 2554

Sudi 5 (An.) 9900 (NN.) VOUFY (NN.) %U0TY
22 848.55 800.15 48.40 5.7
23 504.75 489.75 15.00 2.8
24 299.35 293.35 6.00 2.0
25 346.10 344,50 1.60 0.5
PRV 15,627.45 15,367.45 260.00 1.7

ANNAGVDAUTUADUNNTIAN WA, 2553

— 260
X =——
25

=104 nn.

'
a A

1AN1519N 4.4 WU TeAauntiudsIN 15,627.45 0. lananannatesnun

Q

a a g 1 {
15,367.45 nn. Llﬁgm@QL§81Uﬂ3$U3uﬂ1§Waﬁ 260.00 nnN. ﬂﬂ!ﬂu%ﬁ]ﬂﬁg 1.7 mmﬁﬂmamﬁau

YNFIANNINGY 10.4 DA,
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P Chart of January

0.09 —
0.08 1
0.07
0.06

0.05+

o UCL=0.03716

Proportion

0.03

.02 1 —
0.0 P=0.01657

0.01 4
0.00

LCL=0

T T T
i 3 5 7 9 11 13 15 17 19 21 23 25
Sample

Tests performed with unequal sample sizes

AN 4.6 P — Chart ud@aInsiiadounniodlu@ou uns1ay 2554 neumsud luilsuilge

A 9 a 9 1 A d 1 I A
AT NN 4.5 Gll’leI”afﬂilﬂﬂellf]“lJﬂWif]\‘]‘V]L“lJu\ﬂulL’Jﬂhqu@l uiurua HAagIUNEY Glumau

ANANIUT 2554 neumsud lual5ulss

ROUNUAWUT W.A. 2554

Sudi S (An.) 9900 (NN.) VOUTY (NN.) %UDTY
1 300.60 300.60 0.00 0
2 101.80 98.60 3.20 3.1
3 368.40 354.60 13.80 3.7
4 490.7 484.70 6.00 1.2
5 520.20 519.00 1.20 0.2




A13197N 4.5 (19)

80

IROUNNATRUT W.A. 2554

Sudi 5 (An.) 9900 (NN.) YoudY (NN.) %U0TY
6 51.50 51.50 0.00 0
7 461.30 441.50 19.80 43
8 3,025.10 3,025.10 0.00 0
9 191.50 167.50 24.00 12.5
10 589.70 567.90 21.80 3.7
11 865.10 853.90 11.20 1.3
12 419.20 419.20 0.00 0
13 689.17 683.37 5.80 0.8
14 469.80 468.60 1.20 0.3
15 319.20 317.20 2.00 0.6
16 311.90 305.90 6.00 1.9
17 479.20 469.80 9.40 2.0
18 586.15 586.15 0.00 0
19 353.20 342.20 11.00 3.1
20 1,152.55 1,142.55 10.00 0.9
21 345.45 328.25 17.20 5.0

59U 12,091.72 11,928.12 163.60 1.4
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1 A s A [ 4
AURAYUVIUTYIADUNNUNINUD W.A. 2554

— 1636
X =———
21

=7.97 nN.

'
a A

1ANIT19N 4.5 WU Iagaumindnson 12,091.72 an. ldnanannaisonii

Q

a a < ! {
11,928.1200. uamms?’f&ﬂuﬂizmumiwaﬂ 163.60 NN, ﬂmﬂu?aaaz 1.4 mmﬁwmzﬁau

AuMWUT WhAu7.97 .

P Chart of February

0.14

0.12+

0.10+

0.08

0.06

Proportion

0.04
UCL=0.0321

0.02+ —
P=0.0135

LCL=0

0.00

Sample
Tests performed with unequal sample sizes

~ a 9 1 A -4 1 9 [
NNN 4.7 P — Chart LLET@Nﬂ15LﬂﬂﬂlﬂUﬂWiﬂﬂumi’)uQNﬂTWU‘ﬁ 2554 ﬂ@uﬂ'li!tﬂ"lﬂlﬂi'ﬂﬂiqﬂ
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A 9 a 9 1 A d 1 I A
ATNN 4.6 "’ll’E'JlI”ﬁfﬂilﬂﬂﬂlf]“]JﬂWi’E]\‘]‘V]HJH\ﬂuLL’JﬂLqu@ uilurum HAagIUNE Glumau

Ay 2554 neumsun lvil5uilgs

POUNUIAY WA, 2554

udi Suh (nn.) 9900 (NN.) vougs(nn.) %U0LTY
1 854.65 840.05 14.60 1.7
2 758.20 748.00 10.20 1.3
3 1,065.35 1,060.35 5.00 0.5
4 402.10 386.10 16.00 3.9
5 54.40 52.40 2.00 3.7
6 243.80 241.00 2.80 1.1
7 451.60 448.00 3.60 0.8
8 151.20 144.00 7.20 4.8
9 91.50 90.90 0.60 0.7
10 318.60 308.20 10.40 33
11 701.05 691.05 10.00 1.4
12 998.60 989.20 9.40 0.9
13 555.70 545.70 10.00 1.8
14 486.40 478.60 7.80 1.6
15 1,695.01 1,677.61 17.40 1.0
16 206.30 202.10 4.20 2.0
17 330.80 327.00 3.80 1.2
18 27.40 24.40 3.00 10.9
19 270.50 268.10 2.40 0.9
20 273.85 261.85 12.00 4.4




A13197 4.6 (D)

&3

POUNUIAN WA, 2554
Sudi 5 (An.) 9900 (NN.) VOUFY (NN.) %U0TY
21 312.50 309.30 3.20 1.0
22 322.35 305.35 17.00 5.2
23 233.55 220.55 13.00 5.6
24 576.90 571.70 5.20 0.9
25 300.00 296.80 3.20 1.1
26 461.80 450.20 11.60 2.5
27 1,260.10 1,237.70 22.40 1.8
59U 13,404.21 13,176.21 228.00 1.7

' a S = =
AURDYUVDUTYADUNUIAN W.F. 2554

— 22
X =——
27

= 8.44 Nn.

@

MINATNN 4.6 WU TagAuMindiiiy 1340421 nn. lawanaaiadseonin

a a I 1 {
13,190.81n0. tazvoudslunszuiunisnan 228 nn. aatludosaz 1.7 Aundsveapou

JUIPNIND 8.44 N,
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P Chart of March

0.124 )
0.10+
0.08

0.061 L1

Proportion

0.04
UCL=0.0278
P=0.0169

| LCL=0.0060

0.02+

0.00 1

T
1 4 7 10 13 16 19 22 25
Sample

Tests performed with unequal sample sizes

A a 9 1 A = 1 Y [
NINN 4.8 P — Chart uamﬂmﬂmamwmﬂumauumﬂu 2554 ﬂ@uﬂ”lillﬂ"lellﬂi‘ﬂﬂiﬂ



A 9 a 9 1 A d 1 I A
ATNN 4.7 "’ll’E'JlI”ﬁfﬂilﬂﬂﬂlf]“]JﬂWi’E]\‘]‘V]HJH\ﬂuLL’JﬂLqu@ uilurum HAagIUNE Glumau

e 2554 nounsud lvlSulg

85

RDUNBIYY W.A. 2554

udi Suh (nn.) 9900 (NN.) Yo udY (NN.) %UDLTY
1 355.81 344.61 11.20 3.1
2 130.30 124.70 5.60 43
3 250.30 247.30 3.00 1.2
4 189.00 185.00 4.00 2.1
5 497.60 469.60 28.00 5.6
6 709.25 695.05 14.20 2.0
7 693.45 673.25 20.20 2.9
8 148.65 144.65 4.00 2.7
9 503.00 485.40 17.60 3.5
10 916.70 903.70 13.00 1.4
11 756.06 737.86 18.20 2.4
12 1,336.50 1,323.30 13.20 0.9
13 926.70 912.30 14.40 1.6
14 278.75 278.35 0.40 0.1
15 79.80 79.40 0.40 0.5
16 336.50 334.90 1.60 0.5
17 510.00 502.40 7.60 1.5
18 368.30 367.70 0.60 1.6
19 329.90 323.90 6.00 1.8
20 259.95 254.75 5.20 2.0
21 558.80 543.80 15.00 2.7
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A1319N 4.7 (D)

ROUMBIYU W.A. 2554

e

Sud (n.) d900n (NN.) VOUFY (AN.) %UDUTEY

33U

10,135.32 9,931.92 203.40 2.0

ARGV UTUADUINHIIU W.A. 2554

— 1825
X =———
25

=7.3 NAn.

[

MNATNN 47 wud Tagaundudisan 10,135.32 nn. ldwandandeonin

a a < 1 {
9,943.12 nn. wazveudelunszUIUMINER 203.40 . ﬂﬂ!ﬂu%}ﬂﬂag 2.00 ANRAIVOI Lﬁ’ﬂu

WYY A 9.69 AN,
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P Chart of April

0.07
0.061 ;
0.051
ins UCL=0.03780
0.03

Proportion

0.02- P=0.02003

0.01
LCL=0.00225

0.00 k 1 r

Tests performed with unequal sample sizes

~ a 9 1 A ' 9 o
NNN 4.9 P — Chart memﬁmmaunwaaﬂumaummﬂu 2554 ﬂEJUﬂ1iLLﬂVlGUﬂ§1J1J§Q

A 9 a 9 1 A g 1 3| 1
AT NN 4.8 “Uf)yﬁﬂﬁlﬂﬂsllf]‘ﬂﬂ‘WiE)\WILI]HNHLL’JﬂUbJi:(ﬂ uunuaa HAaZIUNS] 38UIN

ABUNHATMOU 2553 D9 IADU WY 2554

1A NYAINIBY FUNAN UNIIAY AU nnaw IEIYU 39U
Sudi 53 53 54 54 54 54

1 4.8 16.0 - 0 14.6 11.2 46.6

2 6.2 5.2 - - 10.2 5.6 27.2

3 3.2 6.0 1.4 - 5.0 - 15.6

4 - 0 3.2 3.2 16.0 3.0 254




A1319N 4.8 (719)

88

L@d]i*)u Wqﬁ%ﬂwu FUNAY NI QMﬂWﬁuf flinﬂll INHIYUY 37U
Sui 53 53 54 54 54 54

5 0.6 - 13.8 13.8 2.0 4.0 34.2
6 0.2 = 13.4 - - 28.0 41.6
7 - 19.0 6.0 6.0 2.8 14.2 48.0
8 10.0 15.2 1.2 1.2 3.6 20.2 51.4
9 14.6 12.4 - 0 7.2 4.0 38.2
10 2.4 3.6 19.8 19.8 0.6 - 46.2
11 18.6 0.3 0 0 10.4 - 29.3
12 9.0 - 24 24.0 10.0 - 67.0
13 2.0 1.4 10.6 - - - 14.0
14 - 2.2 21.8 21.8 9.4 - 55.2
15 11.6 1.2 11.2 11.2 10.0 - 452
16 9.6 28.5 - 0 7.8 - 45.9
17 0.8 9.8 5.8 5.8 17.4 - 39.6
18 5.0 9.8 1.2 1.2 4.2 17.6 39.0
19 1.6 - 2.0 2.0 3.8 13.0 22.4
20 1.4 7.8 0 0 - 18.2 27.4
21 - 5.0 6.0 6.0 3.0 13.2 33.2
22 9.8 12.2 9.4 9.4 2.4 14.4 57.6
23 18.2 5.6 - 0 12.0 0.4 36.2
24 13.0 2.8 11.0 11.0 3.2 0.4 41.4
25 4.0 6.2 10.0 10.0 17.0 1.6 48.8




A1319N 4.8 (719)

89

Lﬁﬂu wqﬁ?]mﬂu FUNAY NI f!llﬂWﬁuf fﬂﬂﬂll INHIYUY 37U
Suii 53 53 54 54 54 54
26 3.6 - 17.2 17.2 13.0 7.6 58.6
27 6.2 12.6 48.4 0 - 0.6 67.8
28 - 11.0 15.0 0 5.2 6.0 37.2
29 12.6 11.6 6.0 - 32 5.2 38.6
30 13.5 0 - - 11.6 15.0 40.1
31 - 0 1.6 - 224 - 24
39U 182.5 205.4 260.0 163.6 228.0 203.4 1,242.9

ANRAITEHINUADUNGATNIOU W.A. 2553 DUNBIU W.A. 2554

182.5+205.4+260+163.6+228+203.4

X =

=207.15 nn.

1A 4.8

6

1 @ k2 v =\ =\ a
ﬂaumiﬂiuﬂ;qmmmumigm”l"u WU WUDUFYLNAIN

a @ d o w 09.: 1 a
ﬂi%ﬂ’J‘Llﬂ”IiNﬂ@]‘].liii]ﬂm“ﬂﬁﬂdﬂiﬂﬂﬁﬂlm Lﬁaqummau 2553 ﬁuﬁﬂumywu 2554 1N

1nlw1ites 1dun 260 AN, 213.4 NN, 228 NN, 203.4 AN, 205.4 NN, 182.5 AN. LA 163.6 AN,

1 A = ' =)
ANURYVDUTYADIADU 207.15 NA.




A 9 a 9 1 A 2 1 I A
AT NN 4.9 éll’tlﬁallaﬂTﬁLﬂﬂﬂlﬂﬂﬂWi@ﬂﬂlﬂuﬂulL’)ﬂ%\Ji:(ﬂ uilunuaa HAagIUNEY Glumau

WOEMAY 2554 naamaund lvil5uilge

ADUNYHAAY W.A. 2554

Sudi Sun (An.) #9990 (NN.) YoudY (NN.) %UDTY
1 749.05 744.65 4.40 0.6
2 381.45 380.10 1.35 0.4
3 577.60 573.00 4.60 0.8
4 837.50 834.00 3.50 0.4
5 829.35 824.75 4.60 0.6
6 739.80 735.20 4.60 0.6
7 518.00 515.90 2.20 0.4
8 384.00 381.80 2.20 0.6
9 741.00 739.80 1.20 0.2
10 646.05 642.45 3.60 0.6
11 233.30 229.90 3.40 1.5
12 952.15 947.35 4.80 0.5
13 356.90 353.50 3.40 0.9
14 978.55 972.95 5.60 0.6
15 1,188.95 1,184.95 4.00 0.3
16 770.20 764.40 5.80 0.8
17 693.30 688.70 4.60 0.7
18 367.80 364.00 3.80 1.0
19 202.70 198.80 3.90 1.9
20 226.50 223.10 3.40 1.5
21 537.70 534.50 3.20 0.6




A13197 4.9 (79)

91

ADUNYHAAY W.A. 2554

udi Sy 900N vouF(nNN.) %UOUTY
22 507.70 505.40 2.30 0.5
23 313.50 312.60 0.90 0.3
33U 13,733.15 13,651.80 81.35 0.6

ANRAOVOUTUADUNGHAIAN WA, 2554

— 8135
X =———
23

=3.54 Nn.

o 9y

[

v
a A

MNAITNN49 U Tagaundudison 13,733.15 nn. ldwandandeonin

a a I U {
13,651.80 nn. nazveudslunsEUIUMTHAN 81.35 nn. ﬂmﬂu%'aaaz 0.6 mmﬁamm;ﬁau

WOBAANINMINL 3.54 AN,
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P Chart of May
0.025+
0.020
UCL=0.01886
§ 0.015
e
o
Q
S 0.010
o
S Y P=0.00590
0.000 LCL=0
T T T T T T T T T T T T
i1 3 5 7 9 11 13 15 17 19 21 23
Sample

Tests performed with unequal sample sizes

MU 4.10 P — Chart na@asmsinadounnsodlufon ngumay 2554 vaaud lusuilse
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A Y a 9 1 A d 1 I A
AT NN 4.10 Gll’E'JlI”ﬁﬂWilﬂﬂﬂJfJUﬂWiﬂ\‘lﬂlﬂu\ﬂuLL’Jﬂ'liJﬁ;ﬂ nudunuia HAagIUNEY Glumau

Nguieu 2554 vaamsud lvSulg

PPUNYUIOU WA, 2554

Sudi FuiAh GALRGR vouds(nn.) %UOUTY
1 875.75 871.55 4.20 0.5
2 880.00 876.40 3.60 0.4
3 964.00 961.00 3.00 0.3
4 833.50 824.90 8.60 1.0
5 115.00 112.80 2.20 1.9
6 516.80 513.70 3.10 0.6
7 243.00 239.40 3.60 1.5
8 304.60 300.60 4.00 1.3
9 922.15 916.75 5.40 0.6
10 915.85 913.25 2.60 0.3
11 859.45 856.05 3.40 0.4
12 788.70 785.30 3.40 0.4
13 213.70 210.50 3.20 1.5
14 249.65 249.25 0.40 0.2
15 414.00 411.40 2.60 0.6
16 183.80 182.20 1.60 0.9
17 214.15 212.95 1.20 0.5
18 754.50 749.50 5.00 0.7
19 1,328.60 1,326.60 2.00 0.2
20 189.50 187.10 2.40 1.3
21 190.40 190.40 0.00 0
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A1319N 4.10 (91®)

IROUAUION WA, 2554

Sudi Suh 900N vouF(nNN.) %UOUTY
22 560.10 558.00 2.10 0.4
23 694.30 690.70 3.60 0.5
24 858.65 854.45 4.20 0.5
25 766.50 762.00 4.50 0.6
26 773.65 769.05 4.60 0.6
33U 15,610.30 15,525.80 84.50 0.5

ARAVOUTUIADUTGUIIU WA, 2554

— 845

26
=3.2500.

'
a A

91AM15199 4.10 WU TagAUNI 41N 15,610.30 AN, lANanannatesnun

aQ

a a g 1 {
15,525.80 nn. uaxmmgﬁaaluﬂizmumﬁwaﬂ 84.50 nNnN. ﬂﬂlﬂu%}ﬂﬂﬁg 0.5 mmﬁﬂmmgﬁ’au

NQUIUNMIND 3.25 AR
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P Chart of June
0.025- [ ]
0.020
[ =
2 0.0151
- UCL=0.01338
[=1
(=]
& 0.010-
0.005 1 P=0.00544
0.000 LCL=0

Sample

Tests performed with unequal sample sizes

MUA 4.11 P — Chart taaemstnadounnsodlu@eu dguieu 2554 naamsud ludsuilys
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A 9 a 9 1 A 2 1 I A
MINN4.11 éll’tlﬁallaﬂﬁlﬂﬂsllf]‘ﬂﬂWiE)\WILI]HNHLL’JﬂUhJi:(ﬂ uilunuaa HAaZIUNEY Glumau

NINQIAN 2554 naemsud ludsuilg

IADUNTNG AN W.A. 2554

Sudi FuiAh GALRGR vouds(nn.) %UOUTY
1 1,351.30 1,345.50 5.80 0.4
2 408.90 403.70 3.20 0.8
3 198.00 195.40 2.60 1.3
4 478.70 476.70 2.00 0.4
5 518.95 517.45 1.50 0.3
6 845.95 843.95 2.00 0.2
7 1,339.20 1,334.20 5.00 0.4
8 765.55 762.15 3.40 0.4
9 1,333.85 1,327.85 6.00 0.5
10 120.35 118.15 2.20 1.8
11 248.60 246.40 2.20 0.9
12 204.95 204.95 0.00 0
13 416.35 413.75 2.60 0.6
14 204.10 204.10 0.00 0
15 449.40 447.20 2.20 0.5
16 625.20 619.20 6.00 0.9
17 1,265.40 1,257.40 8.00 0.6
18 675.75 673.55 2.20 0.3
19 1,077.85 1,070.85 7.00 0.6
20 1,113.70 1,104.90 8.80 0.8
21 636.15 633.75 2.40 0.4
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A1319N 4.11 (99)

IAOUNTNYIAY W.A. 2554

Jum Suh 900N vouF(nNN.) %UOUTY
22 861.05 857.85 3.20 0.4
23 413.20 410.20 3.00 0.7
33U 15,552.45 15,471.15 81.30 0.5

AUNAYVDUTUIAOUNTNY 1Y WA, 2554

_ 81.30
X = ——
23
=3.53 Nn.
1A 4,11 wua Tagauiiudisay 15,552.45 nn. lananaaideoonin

a a 1 {
15,471.15 nn. !Lagﬂlﬂﬂlﬁﬂﬁluﬂig‘ﬂﬂuﬂ1ﬁwﬁﬁ 81.30 nn. ﬂmﬂu%'aﬂaz 0.5 mmﬁﬂmmzﬁau

AIAYAMMIAND 3.53 N,
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P Chart of July
0.025
0.020+
£ 0.0154 UCL=0.01583
=
(=]
[=1
£ 0.010-
0.005 A P=0.00521
0.000 LCL=0

T T
9 11 13 15 17 19 21 23
Sample

— -
w
Ul
N

Tests performed with unequal sample sizes

MW 4.12 P — Chart naasmstnadeunnsodlu@ou nsngian 2554 viaamsud lval5uig
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A 9 a 9 1 A I 1 3 1
AT NN 4.12 51]’8)331"(3ﬂTﬁLﬂﬂﬂlﬂﬂﬂWi@ﬂﬂlﬂuﬂulL’)ﬂ%\J?ﬁ’] uilunuaa HAagIUNS] 38UIN

ADUNOBAIAN 2554 D9 1O NINYIAN 2554

iAo NOENMAY g NINgIAY 3
Sudi 54 54 54
1 = 4.20 5.80 10.00
2 - 3.60 3.20 6.80
3 4.40 3.00 - 7.40
4 1.35 8.60 2.60 12.55
5 - - 2.00 2.00
6 4.60 2.20 1.50 8.30
7 3.50 3.10 2.00 8.60
8 - 3.60 5.00 8.60
9 4.60 4.00 3.40 12.00
10 4.60 5.40 - 10.00
11 2.20 2.60 6.00 10.80
12 2.20 - 2.20 4.40
13 1.20 3.40 2.20 6.80
14 3.60 3.40 0.00 7.00
15 - 3.20 - 3.20
16 3.40 0.40 - 3.80
17 - 2.60 - 2.60
18 4.80 1.60 - 6.40
19 3.40 - 2.60 6.00
20 5.60 1.20 0.00 6.80
21 4.00 5.00 2.20 11.20




A13197N 4.12 (99)

100

Lﬁﬂu NN INY ﬁqmﬂu NINHINY 37U
Sudi 54 54 54
22 - 2.00 6.00 8.00
23 5.80 2.40 8.00 16.2
24 4.60 0.00 - 4.6
25 3.80 2.10 2.20 8.1
26 3.90 - 7.00 10.90
27 3.40 3.60 8.80 15.80
28 3.20 4.20 2.40 9.80
29 - 4.50 3.20 7.70
30 2.30 4.60 3.00 9.90
31 0.90 - - 0.90
379U 81.35 84.50 81.30 247.15

ANALVDUTITZHIUADUNGBNIAN WA, 2554 DINTNYIAN WA, 2554

X =

1NAN1T N 4.12

81.35+84.50+81.30

3
82.38 nn.

v @ 4 1A = a
‘Viﬁ\‘lfﬂiﬂiﬂﬂéﬂﬂ1hllwuﬂﬁllﬂqﬂl WU UUBDUNYLNADN

9
a [ 4 o @ w 1
ﬂ5$1J'JuﬂWiNﬁ@]Uiiﬂqﬂm“ﬂGﬂQﬁ’lﬂUﬁﬂLL@I LﬁGUWQHﬂWﬂﬂJ W.f. 2554 ‘ﬁ\?ﬂiﬂ%]’lﬂil N.A. 2554

3nun lides 14un 84.50 nn. 81.35 NA. 1Az 81.30 AN. ARDSUVDITEADIADY 82.38 NN,

a a o J 1 a 1
‘tﬂﬂfﬂilﬂgﬂ’ﬂlﬁEI‘UWﬁfﬂi!ﬂﬂWﬁﬁﬂﬂ!“ﬂﬂﬂWﬁﬂﬂﬁﬂﬂﬂﬁg‘ﬂ'ﬂ‘!ﬂ?iwaﬂﬁlucﬂﬁﬂlﬁ@u

WYAINIOU WA, 2553 DUADWNBION W.A. 2554 NUIADUNEAIAY W.A. 2554 DUADU

1 a a o oA 1 1
NINNIAN W.A. 2554 WU WﬁﬂTﬁLﬂﬂNaﬂﬂm“ﬂﬁUﬂWﬁ@\iﬁluG}ﬂ\uﬁﬂuWQHﬂTﬂN N.A. 2554 hl‘]J

DUADUNTNYIAY WA, 2554 AAAIINIADUNYATNIOU WA, 2553 DUADULBIOY W.A. 2554

YOUAIAAAINNAY 1,242.9 AN, anadify 247.15 An. Feenunsaanadld 995.75 nn.
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4.3 ﬁ§ﬂﬂ1§ﬂﬂﬁ®ﬂﬂ313~l!!ﬂﬂﬂN"Ilf’)x‘]f’n!ﬂﬁﬁlﬂﬂu!!ﬁ%‘ﬁﬁx‘]ﬂ1§1J§‘]J‘IJ§Qﬂ’JEIT1J§!!ﬂ§N Minitab

X, = 4.67 Aunagnaqualnganeunslsuilye
X,=3.43 AuN0eMsgual0sanaInslsuily
S, = 2.87 MaAIMBAVUNIATTIUVBINGUAI08 1N UNTUT 159

S, = 1.87 MAIMBAVUINATTIUVBINGUAI08 191 AN TUTU 59

MIMHUATUNATIU
Y
HO : 62, = 62, anumlssauvesdoyans 2 nqu luuanaraiu
2 2 9 qu‘ v ' o
H1 : 02, # G2, anulsisiuvesdioyaina 2 ngu uanaeny

v
o w =

MruaszaUsdIAYN 0.05

1 d' = 1 QI % 2 o 1 1 2
H,:u, =, Aupdsveudenonllsilgenumaalsulye luuanaaduy
H, :u, #p, Aundsveaasnauilsulyanunaslsulye uanaiany

9

fSruaszaudedinn 0.05

9

333

Percent
B BEssRaE @Y

n

Probability Plot of Unimprove Probability Plot of Improve
MNermal Normal

&
ia

Mezn 4.667
StDev 868

@

R 0.587
P-Value =0.100

®

3433
1872

0531

ue  =0.100

Percent
5 BEE88ds 8

01T

0 5 10 15 -2 0 2 4 6 8 10
Unimprove Improve

d‘ a 9 1 [} [ [}
MW 4.13 uaaamsuanuaduuvlnavesveyansunslivlwazraslivlge
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Test and CI for Two Variances: Unimprove, Improve
Method
Null hypothesis Sigma(Unimprove) / Sigma(Improve) = 1
Alternative hypothesis Sigma(Unimprove) / Sigma(Improve) not = 1
Significance level ~ Alpha = 0.05
Statistics
Variable N StDev Variance
Unimprove 60 2.868 8.226
Improve 60 1.872 3.504
Ratio of standard deviations = 1.532
Ratio of variances = 2.348
95% Confidence Intervals
CI for
Distribution CI for StDev ~ Variance
of Data Ratio Ratio
Normal (1.184, 1.982) (1.402, 3.930)

Continuous  (1.301, 2.277) (1.692, 5.186)

Test
Method DF1 DF2 Statistic P-Value
F Test (normal) 59 59 2.35 0.001 < Alpha=0.05

Levene's Test (any continuous) 1 118  15.63 0.000

P-Value = 0.001 < P-Alpha = 0.05 Reject First Assume Then Variances are difference

1 a 0o < W
i 414 wamsimszinadeun uulslsiulasTisunsudusegi (Minitab)

a 4
Han15AT1e AN 5U5 A8 1151051 Minitab
AUUATIUN 1
A
HO : 62, = 62, anulssauvesdeyans 2 nqu luuanaraiu
9 qu‘ U 1 Y
HI : 02, # 62, anuuilsilsmvesdoyans 2 ngu uanannu

'
9 w =

MruaszaVedAyN 0.05
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a3171 1100517 4.1 nageudeyaiinmsuanuasuulnd nazani 4.13 1den

U

= % Y

P-Value = 0.001 HA1ioand1 Alpha n3efszAUTod RN 0.05 JUJars auuAgIUMan Ao

Qe

HO : 02, = 62, anuulsdsiuvesdioyan 2 ngu uanaany

Two-Sample T-Test and CI: Unimprove, Improve

[Two-sample T for Unimprove vs Improve

N Mean StDev SE Mean

Unimprove 60 4.67 2.87 0.37

Improve 60 3.43 1.87 0.24

Difference = mu (Unimprove) - mu (Improve)

[Estimate for difference: 1.233

95% CI for difference: (0.356, 2.110)

T-Test of difference = 0 (vs not =): T-Value =2.79 P-Value = 0.006 DF =101
IP-Value = 0.006 < P-Alpha = 0.05 Reject First Assume Then Means are difference

Both use Pooled StDev =2.4218

Summary : P-Value = 0.006 less Than Alpha = 0.05

A a 4 1 <] a o
NNN 4.15 Nﬁﬂ”li?l,ﬂi"l%ﬁ‘i/]ﬂﬁﬂlllmﬂ@”lﬂIﬂﬂiﬂiuﬂillﬁ”lliﬁ]gll (Minitab)
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AUUATIUN 2

H,:u, = p, Aundsveudenoullsulgenumaalsuilye Tuuanarany

H, :p, #p, Aundgveudeneuliulianunaalivilge uanaeiu

fSruaszaudedini 0.05

o

D.

]
=1

agui 9N wd 414 A1 P-Value = 0.006 UA1I08NI1 Alpha %30 NTZAU

)

Wodegyh 0.05 uaasn URasauuagIuvan uazeonsuauuaAgIuTo Ao H, : p

S 1

1 tﬂ' % % U % 1 U
AundsveudsnoullTulenunalTulganaiaiu

Y
[ %

L My

a 4 9 a J < P o
ANUU ﬁ]?ﬂﬂ’li?iﬂiW?ﬁWﬁﬂ'JEJT“IJ5llﬂ§Nﬂ@llW?Lﬁﬂiﬂglﬁullﬂ’ﬂﬂ'lﬁﬂiﬂﬂiqﬂ

ATUIUMIHAATINTDAAVUDAUT Y 1A54
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1. wamsmuumMsnageuauNAgIuae11sunsy MINITAB

Test and CI for Two Variances: Unimprove, Improve

Method

Null hypothesis Sigma(Unimprove) / Sigma(lmprove) = 1
Alternative hypothesis Sigma(Unimprove) / Sigma(Improve) not = 1
Significance level ~ Alpha = 0.05

125

Statistics

Boxplot of Unimprove, Improve

Variable N StDev Variance
Unimprove 60 2.868 8.226 ol
Improve 60 1.872 3.504

%

Ratio of standard deviations = 1.532
Ratio of variances = 2.348 1 —e

.
\

95% Confidence Intervals ]

Unimprove Improve

Cl for
Distribution CI for StDev  Variance
of Data Ratio Ratio
Normal (1.184, 1.982) (1.402, 3.930)
Continuous (1.301, 2.277) (1.692, 5.186)

Tests

Test
Method DF1 DF2 Statistic P-Value
F Test (normal) 59 59 2.35 0.001 < Alpha =0.05
Levene's Test (any continuous) 1 118 15.63 0.000

P-Value = 0.001 < P-Alpha = 0.05 Reject First Assume Then Variances are
difference

Two-Sample T-Test and CI: Unimprove, Improve

Two-sample T for Unimprove vs Improve

N Mean StDev SE Mean
Unimprove 60 4.67 2.87 0.37
Improve 60 3.43 187 0.24

Difference = mu (Unimprove) - mu (Improve)

Estimate for difference: 1.233

95% CI for difference: (0.356, 2.110)

T-Test of difference = 0 (vs not =): T-Value = 2.79 P-Value = 0.006 DF =101

P-Value = 0.006 < P-Alpha = 0.05 Reject First Assume Then Means are difference
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2. mamIsuIumInadouauUAgIUA20 151Ny MICROSOFT EXEL

Columni

Mean 4.666667

Standard Error 0.37027

Median 4.5

Mode 6

Standard Deviation 2.8680938

Sample Variance 8.225989

Kurtosis -0.93067

Skewness 0.432196

Range 9

Minimum 1

Maximum 10

Sum 280

Count 60
F-Test Two-Sample for Variances a-0.05

Vanabie 1 Varable 2

Mean 4.666666667 3.433333333
Variance 8.225988701 3.503954802
Observations 60 60
df 59 59
F 2.347629797
P(F<=f) one-tail 0.000649219 0.0014

F Critical one-tail 1.539956607

F> FCritical Reject H°

P <PApha Reject H? Variances are difference

t-Test: Two-Sample Assuming Unequal Variances a=0.05
Varabie 1 Vanabie 2

Mean 4.666666667 3.433333333
WVariance 8.225988701 3.503954802
Observations 60 60
Hypothesized Mean Difference 0

df 102

t Stat 2.789382901

P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail

0.003151209
1.659929976
0.006302418
1.983495205

t Stat > t Critical Reject H”
Reject H"

P < P Alpha

Means are difference
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3. HaMsMUIAMINAgoUaUNATIUA8 T151UnTL SPSS

NPar Tests

[Datadetl] C:iUsershUserhDesktopit-test complete.sav

One-Sample Kolmogorov-Smirnov Test

Sum
[+ 120
Maormmal Parameters?® Mean 4 0500
Std. Deviation 248981
mMost Extrerme Differences Absolute 1E3
Positive 63
Megative - 085
Kalmogaraw-Smirnow £ 1.740
Asymp. Sig. (2-tailed) 003

a. Test distribution is Bormal.
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T-Test

» 21g 0.000143 < P Alpha 0.05 Vanances are difference and 5ig 2-taled 0.006 < P Alpha 0.05 IMeans are difference

Group Statistics

Std. Errar
Probletr I Mean Std. Deviation lean
group-test  Unimprove 5] 4 BRET 286810 arnz2y
[rprove G0 3.4333 1.871849 24166
Independent Samples Test
Levene's Test for Eguality of
Yariances
F Sing.
t-test Equalvariances
aszumed 16.451 oo
Edqual wariances not
assumed
-test for Equality of Means
95% Confidence Interval ofthe
Difference
Mean Std. Error
i df Sig. (2-tailed) Diffarence Difference Lowyar Lpper
2,738 118 00g 1.23333 44215 38775 210892
2789 101.544 006 1.23333 44215 35628 211039
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