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Piyarat Kamonrattanakul 2009: Development of Performance Network for Garment Industry.
Master of Engineering (Industrial Engineering), Major Field: Industrial Engineering,
Department of Industrial Engineering. Thesis Advisor: Associate Professor

Kongkiti Phusavat, Ph.D. 104 pages.

Performance measurement represents a key component in a management process that helps
enable in-dept and timely analysis, planning, and improvement. Nowadays, a strong management is
necessary for an organization under intense competition. The study is based on the need expressed by
top and operational managers at one garment company, to be referred to improve productivity
measurement and analysis at the production level. This need stems from a lack of an explicit linkage
between information from performance measurement and target setting at the operational level. As a
result, the performance network concept is selected to help address this concern. Several networks,
consisting of ratios, have been developed and tested. Altogether, the data collection and regression
analysis are so applied for extending productivity analysis into target setting and stuation of

performance network

The findings indicate the following. There are significant interrelationships among ratios from
different levels in one performance network. Specifically for target setting, one of the findings
illustrates that for a productivity ratio(Product just in time to Labor hours) is to be increased by 10%,
the following targets also have to take place. For examples, one of the ratios at the network’s level 1;
i.e., the Labor hours to Total Product in plan ratio, should be in 0.7885. Moreover, one of the ratios at
the network’s level 2; i.e., Man to Total Product in plan ratio, should be in 0.0049 and for a
profitability ratio(Making cost to Total cost) is to be increased by 10%, the following targets also have
to take place. For examples, one of the ratios at the network’s level 1; i.e., Making cost to Utility cost
ratio, should be in 5.48. Moreover, one of the ratios at the network’s level 2; i.e., Labor cost to Utility
cost ratio, should be in 5.4084. The scorecard show that the productivity is driven Total Product in plan to
Raw Material ratio and the profitability is driven Labor cost to Total cost ratio. The performance
network concept could potentially improve the linkage between productivity measurement and
analysis. Nevertheless, some of the key shortcomings include the reliance on quantitative data and a

database that needs to generate accurate and time data on the continuous basis.
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6.1 WARNIN (Productivity)
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Product Mix = (6)
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Inputs

- Raw Material(RM)
- Labor hours(LH)
- NUIUNTNIIU(Man)

- HANARATNUNU(PDT)

)

Process
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)

Outputs
- Hawaa(PDI)

- Y941F8593(TDE)
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No Month PDJ(pcs.) PDT(pcs.) LH(hrs.) RM(yds.) Man(man) TDE(pcs.)
1 June-49 621,727 680,972 425,573 732,515 3,185 39,597
2 July-49 602,446 667,900 408,795 876,525 3,324 31,539
3 Aug-49 622,965 676,401 464,467 782,556 3,014 24,233
4 Sep-49 349,481 397,138 378,924 907,662 2,987 15,748
5 Oct-49 489,666 569,379 462,560 1,048,525 3,121 22,933
6 Nov-49 553,686 613,163 510,530 1,262,677 3,256 26,833
7 Dec-49 606,935 670,646 487,731 1,436,900 3,096 28,092
8 Jan-50 622,237 715,215 579,530 763,312 2,963 33,473
9 Feb-50 620,156 747,176 574,337 783,335 3,055 32,432
10 Mar-50 616,608 716,986 525,246 1,350,636 3,295 29,222
11 April-50 695,505 749,467 506,283 1,552,343 3,195 31,642
12 May-50 645,334 817,511 470,350 1,631,150 3,401 33,214
13 June-50 652,393 777,253 492,648 2,146,543 3,599 29,569
14 July-50 725,755 796,658 510,805 1,729,169 3,025 31,099
15 Aug-50 810,497 942,438 591,313 1,517,588 2,956 38,481
16 Sep-50 624,472 683,230 472,520 1,544,684 3,092 30,699
17 Oct-50 708,386 778,996 604,092 1,798,307 3,772 36,182
18 Nov-50 737,372 797,159 695,960 2,407,412 3,824 39,209
19 Dec-50 582,040 727,550 647,509 2,490,590 3,848 37,683
20 Jan-51 647,644 770,793 740,626 1,461,806 3,920 37,328
21 Feb-51 662,514 720,124 668,925 1,126,686 4,015 34,955
22 Mar-51 495,299 581,624 606,363 1,318,121 3,901 28,675




29

M5 N1 (919)

No. Month PDJ(pcs.) PDT(pcs.) LH(hrs.) RM(yds.) Man(man) TDE(pcs.)
23 April-51 554,933 596,702 667,038 1,373,732 3,913 28,485
24 May-51 551,334 592,832 589,372 1,316,061 3,736 32,411
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naziladeoonveseedns luarveunasinsiasuanuausalumsin lsProfitability)
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Inputs

- Labor cost(LC)
- Utility cost(UC)

- Total cost(TC)

—

Process

—

Outputs
- Making cost(MC)
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M3 ls
MUY : VN
No. Month MC TC LC ucC

1 Jan-08 14,565,604 11,867,288 10,521,019 1,500,748
2 Feb-08 14,518,375 11,439,701 13,994,307 1,836,800
3 Mar-08 15,154,985 10,948,453 9,673,022 1,453,578
4 Apr-08 10,105,405 6,177,868 4,123,446 730,277

5 May-08 11,972,098 8,665,928 6,791,122 1,144,843
6 Jun-08 16,110,206 11,258,739 11,274,132 1,512,677
7 Jul-08 16,435,540 11,585,877 11,103,991 1,465,606
8 Aug-08 13,252,328 9,606,506 6,375,972 868,115

9 Sep-08 17,435,242 14,082,070 12,653,865 1,753,508
10 Oct-08 13,267,948 10,506,381 6,890,427 1,252,016
11 Nov-08 17,289,132 12,407,020 9,716,383 1,453,704
12 Dec-08 11,158,004 8,862,161 6,165,680 1,263,000
13 Jan-09 11,067,485 7,897,219 4,523,801 949,203

14 Feb-09 9,558,652 6,719,954 5,024,879 1,041,333
15 Mar-09 12,636,111 8,972,273 6,671,951 1,322,713
16 Apr-09 9,523,472 6,406,601 4,322,747 1,129,072




31

v
=

= o v o 9 v o Y Y 4 v 9
518@5l@ﬂﬂm@\?ﬂﬂﬂflu'llelnllagﬂﬂﬂﬂu']@@ﬂﬂGlG]fGlUﬂ’lﬁaﬁ']\uﬂmmﬂ'lﬁ')ﬂﬂ']u

9
A v A

ANuauso lun13ii 1s(Profitability) aadl

{ < 09// I~ { a a
1. 51'lan 1d0nmsEunaua(Making costMC) 1iuseldnmannmsnan
Y
a @ ] I
Fuaeanuldl §1 wu @edw manadn 1udu
' Y1 qul e I 1 9 A a dgl
2. algneansisy Iaasianua(Utility cost:UC) tlua lsaennavuluns
a ] 1 :l 1 1 @ d 1 Aa o 1 v W I Y
wag 1 a1 o'l a1 Insdwn aduwesiua anlsziudany Wudu
1 9 A A dg/ I 1 9 A A dgj
3. l¥91eNN AT U INUTIUNATI(Labor cost:LC) tHua lgaennavuainnis
MNuvBINITnNUILKNAATUA DA 1A 1 @2
1 9 3 A A dg‘ a I 1 9 A A dg/
4. ml¥enarvannavulun1sHan(Total cost: TC) 1Wua ls9ennavyulunis

a 9 J Y A A dg/ [ a
Na@ﬂﬂmuﬂﬂﬂﬁnﬂ‘mﬂ@]ﬂllﬁnﬂﬁ@]i}ﬂ‘ﬂ

£ 9 U @ o 9 U W :/l 9 =\ ) A o 9 = 1
Gﬁﬂﬂl@ﬂgaﬂﬂﬂﬂuuﬂn Lmzﬂfﬂi}ﬂﬁ)aﬂuu%ﬁa\mmiuflﬂ%ﬂﬁ"amwﬂunﬂﬁiNl,ﬂi’ﬂslﬂ&l

o a [ o o [ a o o 1
HANIANTUIY LAz MIANNFUINUT IUMTTaMINaan I Anuansalumsiis lsae i
3. MIaANIBVIWHANMIAUTUIM(Performance Network: PN)

o { o 1 o Aa 4 @ Y
ideyai Iduihnmsaduniedienanisduiuauamnusing anwnanves

4 @ 3 d o Y a a o 1 @
Harper J3gnoudlomaainisian 7 inmaiaedl saaniw dunulumswan 111 dadiuilede

[ !

J U o 1 a o 7 v @ v o 09.: )
ﬁﬂﬁjuﬂ'lgl%i]'lﬂ aﬂmuwammmﬁmﬂﬂm 1 Udszan Lla$ﬂ1iﬂﬂﬁii“ﬂﬂi}ﬂu1!{l}1 AMUUUI

1Y ' Y <3 A 9 A o A Yy A v o Jdo
G]i'lﬁ')l!iﬂﬁi'l\uﬂumi@ﬂl'lﬂ IﬂEJﬂ'li’ﬁi'l\?Lﬂi'E]"U18Wﬁﬂ13@']LuuﬁWu@]'ENiJﬂ’J'liJﬁiJWH‘ﬁﬂU

(3

¢ s & 9 4y s A g a & ya o g &
aniszaanvetesnns sudoyaiosduuetesans e ulsaammandednmduiogiine
dwon uazdimitenoludszma luihgiulssuddhiimahszoumsiandanuunlylu
o o A A a a Y o J A @ 9y A o 9
mafanszuuMIiuemulszansnmldnueans iesnndunadoyanaziinnly
a Jd o o A Yo 1 A a dy J o 9 [
TumsAnsied Wen Usvdlganeunilymangiinavumelusnns msiveyalunisia
a 9/3 o ) A 9 v ' J [ a I 1
paan i Idiuds hifinnuren Tosdoyanuluszrinesdns mstanaanmazidunnuaig
1 1 o 1 o 1 1Y 1 4 o 1 1 {
theaneiuag lufimsihdeyaunlds wiuluseninesdns mlddwanemsudilgmi

a & ¢ Y ) v Ay Yoy 1o ' = o o o
mavuluenns I8 uenviniudeyamsian lags lidanuuaz luiesnenaziihwnimsia



32

a Jd a a 1 4 1 % a 4
UAZUATICHNAANTNUBDINTSUIUNITHARN ﬁ'\‘lNﬁiﬁmWmﬁL%’E]\1Iﬁlxﬁ3??31\1?!15’3@]!&63’3!?]5']3%

o a d’d
AANITAUUUITUNA

o g S A v o a A o )

jﬁﬂﬂigﬁﬂﬂﬂlﬂﬂﬂﬁﬂﬂﬁﬂ@ Glﬂx‘lfﬂiﬁﬂiﬁulﬂﬁiuigﬂ‘UNWSﬂiZU’JuﬂﬁWﬁGWH]ZunJﬂG]f
A a 4 qszl v o Y U @ o 9y !
INDNITIATIEN ’)'I\HLWHLL'GZG]\‘]L‘]SJ'I Iﬂﬂ“ﬂiﬁ]ﬂu'ﬂflﬂ Llagﬂiﬁ]EJ'E]@ﬂﬂ'quﬂi]'lﬂﬂl@ial,aclu'ﬁ’)ueU@\?

A & A A A ° a ' 4
MIHAANINUA TAgdInNUNUNMINanNIzdeimMInaa lutdazifou tazenns 1A

4 v 9

4 a J Y] o o
aulaluGosvaunuinITaauNann I taztnum NI aauanuasalumsiiti'ls

A (= [ @ d o [l 1 [ A A 42} Y a
o MiANuFNIUS U1 lstazdwansznunuilymnadu laednls Taeiosan
o A a 1 o o o I o o o w g v ¥ a
sUnusrtinaraaaeduy Tvamsiauiudriithmnedmsunasinig Tadunan
A o J 9 IS [ o @ o v o
AN 1HRIINMIRIIUYeI0Rns o lFussnuauiundn uazdwaudr Tuemshauduiu
1 a A Y o 1 o A Y o = 9 U ' dy
HaymaemanaaielmiumsdeeenauiutaznaiignAidmuasndie dynunaiiioz
9
dawansgnui ligapdensnensnaneduna a1lsiie tazyaainslunszuiumskda
4? 1 J v 9 o o a v A P
ndu Tudwveunmaimsiamuanuamnsolunmsiid lssginsangduuudeiisie lan
Y < qg// 1 ' Y qaj A a dg‘ a A 9 =2 9 A
Tannmsgunuaseldienimuaiinadulunisuaa e ndensnswdedunui

1 1 g { a 4 { o 4 Y a i
daraden lFneniruainaliuunniga tazdeandesnunuinsinauraan Mo ls

9
[ Y

av dyd o v A a Vo o o v A ) [ J o
ﬂ\iuu‘lu\i']u'ﬁ]ﬂu%\iu'lﬂ%uNaWa@]@'E_]“]f’JIll\1ﬂ'151/]1\111!Lﬂuﬂ“]fulﬂ’lﬂn’lﬂﬁ’lﬂiﬂlﬂmmrl’ﬁ:]ﬂ

9 a v A alci Y < 3 1 1 91 qg// A A 421 a I
ATUNAANTIN uagmfuﬂﬂ"lﬂ‘n"lﬂmﬂmmumwmmaﬂﬂmﬂmwmmﬂﬂmuiumﬁwamﬂu

[ o [ 4 I o o
dyiithrinedmsumnamsdadiuanuansolumsii’ls

9
] o A 4 @ @ ]
3.1 a%’wm%mﬂwaﬂﬁmmmmmmmmmmi’mmm Harper N4viuf 10 Lﬂ?@ﬂﬂﬂ
1 g3 4 @ a ] 4 @ o
Tﬂmmmﬂummmmﬁ’m?{mwammw 5 Lﬂ?@ﬂﬂﬂ uazmmcnmimﬁ'mmmmmmiumim

[ A v v A o a va 09;} 9 = o o 9 =X
ils 5n50010 avil luszaulfiamsiuszdesdimsaumamnamivayulunmsildussgda

[

4 v A £ 9 A 1 o A I A A Y 4
ﬁi}ﬂi$ﬁﬂﬂﬂl@ﬂﬂ“}fulﬂ1ﬂh18 "]5\‘1ﬂ15@'5']\‘1&?]i'lf]"ll18Wﬁﬂ'liﬂ'll,uuﬂ'lu!ﬂjuﬁﬁﬂ%ﬂﬂiﬂﬂﬂﬂﬂi

3 o oA

' v Ao A = £ o o v s Y
vounuarii lunaazszauilimayon Tosdunquazmadganu M ldmunmiiuveseenng I

A A a L v o o oA N Y
Iﬂﬂ!ﬂi@ﬂnﬂlwa']uﬂ%&ﬂuﬁﬂﬂ@i'lluﬂﬂ\?@uﬂlﬂ\‘]ﬂ'J’lllﬁiju‘ﬁVIﬂ’l@ﬂ’limhlj



33

IA3RUNANITA T UITUA NN NITIARIUNAANIN 5 1950918

| HAmAR
| Labor hours

ERBAR HAMARATUWHLY
BIAIBI 6 A LLEI 1L Labor hours

_______ L | — I —

I [ - ! &
Blelbl el G E 3R I B & B &G AT LLRI 1Y

- 1 - w
Raw Material L AUWINg Y

i % AIUIUWIEAIIY X 1 HAHSAGAIILEY
! ARTAETE - R ART] | Labor hours

dwaumiingn | - Labor hours
! BIE B 516161 LLEI

Labor hours
Faw Material

MNA 14 1ATDVOHNANITAUTIUIUN 2



34

I_______; _____ I
| Haude |
i Labor hours |
['"}]5;.5}{""; = Labor hours
| AN AAEIULHLY | Nﬂﬂﬂﬁrﬂ"ﬁmﬂu
______________ 8 |
[—===—=—= J ______ = | .
i Labor hours | x A uwilngIu
L Annuwlnay | W& Hﬂmfﬂmmu
I L. o | I

I

HAHER X ads5In
HaILEISIU Labor hours
HAaHAR . YadunsIs
Raw Material ' Raw Mrterial
I L. “““ ! F“.““J‘.:““‘u P |‘“““| r““:‘J“"“‘u
! HEHGR : | AUIUWUAIIY ! A (0t {15 ) ; | HRHAGEINLHL |
Awouwiinon | RawMaterial | dmouwlnow | 1 Raw Material |

MNT 16 1ATDVIONANTAUTUNIUN 4



35

Labor hours

______ [
| |

Hawda . Labor hours

aimnmrﬂ'nmu ' FIIUWUNITY
S R — | R
! BRI L 61 ! | HAMARAIUWHY | Labor hours .1 Auwineu |
I = [ o = - = !
| HANAGEINWAY | |_Amuningiu_ BRI : HAMRATAWANY_|

S o — R

| Labor hours | | HANAAEIUUNY |

| < | — . |

.LRaw Material [ | Raw Material

_____________ L

MNA 17 19TV ONANTAUTUIUN 5

[ o a 4 Y] o o [
AT DUBHANIIA NN UNUMUNAR N TIaduANNa N Ta lun13is'ls 5 w3

E_Px-'mkinq Cost

i Total Cost
:r“rﬂl;u}.::; 4_::3_5;_: * Labor Cost
i Labor Cost i TDt:—iI Cost
Labor Cost % :r___UT:iI_i_E,g E:_D_S_’[___E
Utility Cost | Total Cost !

Labor Cost ' Making Cost
Making Cost | Utility Cost

MNA 18 1ATDVIWHNANITAUTIUIIUN 6



36

Making Cost
Utility Cost

Utility Cost
Labor Cost

_____ I

:r Making Cost | «x Labor Cost
| _Labor Cost | Utility Cost

______________

' Making Cost
i Total Cost

Utility Cost

______________

:r Making Cost i X Utility Cost
i Utility Cost ! Tata|l Cost

d' A ' o A A
MNN 20 ATDVIYNANTITAUUUIIUN

Labor Cost

Total Cost

Labor Cost i Total Cost

Making Cost | Makinﬁ; Cost
' Total Cost | | Utility Cost |
|__Utility Cost | | _Making Cost_|



37

-
I Making Cost
E Total Cost

Making Cost =

Total Cost :
1
I

—_—————

Labor Cost Labor Cost !

| Making Cost | Utility Cost
i Utility Cost | Labor Cost

F____f___l______'i r=———"==- J'______'i

L Utility Cost : . | Labaor Cost :

|__Total Cost__ | |__Total Cost__ |

d' A ' o a A
MNN 21 (ATBVIYNANITAUUUIIUN

Making Cost |

T

Total Cost

Making Cost Labor Cost
Labor Cost X Total Cost
Making Cost | Utility Cost ! | Labor Cost ! ) | Utility Cost
Utity Cost |_LaborCost | | Uity Cost_ | |__Total Cost__
_______ I I
' Making Cost i ! Labor Cost i | Total Cost !
i Labor Cost | i Total Cost | | Utility Cost |

d' A ' o A A
MNN 22 ATDVWBNANITAUUUIIUN 10

o - 1 1 o A 4 %] a
3.2 ﬂm:1mwmm%ﬁimmama?amwmwamimmmm GﬂiJLﬂﬂ‘l"I/Iﬂ’li'Jﬂ@gﬁuwﬁﬁ

9 = 3 v A @ A
2w Usznov Tdredsiinanua 20 deil #9013199 3

o T 1 1 o A 4 @
33 ﬂTL!']mW'lﬂ'lﬂ‘lfﬁglulmamﬂ?@ﬂl'lﬂﬂlﬂﬂWﬁﬂ1i@1luu\‘ﬂu mmﬂmmmi’mﬁ}m

o o 9 v A :/l v A o d‘
anuansolumsnidls Ysenovlidredstinevua 12 dvil §9015199 4



M3an 3 ari luugaznioueNan I8 U UNUMUNUNANTIAGIUNAAN N

No. PDJ/PDT PDJ/LH PDJ/RW PDJ/Man PDT/LH PDT/RM PDT/Man LH/PDT LH/RM LH/Man
1 0.9130 1.4609 0.8488 195.2047 1.6001 0.9296 213.8060 0.6249 0.5810 133.6179
2 0.9020 1.4737 0.6873 181.2413 1.6338 0.7620 200.9326 0.6121 0.4664 122.9829
3 0.9210 1.3412 0.7961 206.6904 1.4563 0.8643 224.4197 0.6867 0.5935 154.1033
4 0.8800 0.9223 0.3850 117.0007 1.0481 0.4375 132.9555 0.9541 0.4175 126.8578
5 0.8600 1.0586 0.4670 156.8939 1.2309 0.5430 182.4348 0.8124 0.4412 148.2089
6 0.9030 1.0845 0.4385 170.0510 1.2010 0.4856 188.3179 0.8326 0.4043 156.7967
7 0.9050 1.2444 0.4224 196.0384 1.3750 0.4667 216.6169 0.7273 0.3394 157.5360
8 0.8700 1.0737 0.8152 210.0024 1.2341 0.9370 241.3820 0.8103 0.7592 195.5889
9 0.8300 1.0788 0.7917 202.9971 1.2998 0.9538 244.5748 0.7693 0.7338 188.1627
10 0.8600 1.1739 0.4565 187.1344 1.3650 0.5309 217.5982 0.7326 0.3889 159.4069
11 0.9280 1.3737 0.4480 217.6854 1.4803 0.4828 234.5750 0.6755 0.3261 158.4612
12 0.7900 1.3731 0.3959 189.8953 1.7381 0.5012 240.3737 0.5753 0.2884 138.2975
13 0.8400 1.3253 0.3042 181.4096 1.5777 0.3621 215.9636 0.6338 0.2295 136.8847
14 0.9110 1.4208 0.4197 239.9190 1.5596 0.4607 263.3580 0.6412 0.2954 168.8611
15 0.8600 1.3707 0.5341 274.1871 1.5938 0.6210 318.8221 0.6274 0.3896 200.0383
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M3199 3 (AD)

No. PDJ/PDT PDJ/LH PDJ/RM PDJ/Man PDT/LH PDT/RM PDT/Man LH/PDT LH/RM LH/Man
16 0.9140 1.3216 0.4043 201.9638 1.4459 0.4423 220.9670 0.6916 0.3059 152.8203
17 0.9100 1.1735 0.3942 187.9337 1.2895 0.4332 206.5207 0.7755 0.3359 160.1517
18 0.9250 1.0595 0.3063 192.8274 1.1454 0.3311 208.4621 0.8731 0.2891 181.9979
19 0.8000 0.8989 0.2337 151.2578 1.1236 0.2921 189.0722 0.8900 0.2600 168.2717
20 0.8402 0.8745 0.4430 165.2153 1.0407 0.5273 196.6309 0.9609 0.5067 188.9352
21 0.9200 0.9904 0.5880 165.0097 1.0765 0.6392 179.3584 0.9289 0.5937 166.6064
22 0.8516 0.8168 0.3758 126.9672 0.9592 0.4413 149.0961 1.0425 0.4600 155.4378
23 0.9300 0.8319 0.4040 141.8178 0.8946 0.4344 152.4922 1.1179 0.4856 170.4673
24 0.9300 0.9355 0.4189 147.5733 1.0059 0.4505 158.6809 0.9942 0.4478 157.7549
Average 0.8831 1.1533 0.4908 183.6215 1.3073 0.5554 208.2255 0.7913 0.4308 160.3437
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No RM/PDT RM/LH RM/Man Man/PDT Man/LH Man/RM TDE/PDT TDE/LH TDE/RM TDE/Man
1 1.0757 1.7212 229.9890 0.0047 0.0075 0.0043 0.0581 0.0930 0.0541 12.4323
2 1.3124 2.1442 263.6958 0.0050 0.0081 0.0038 0.0472 0.0772 0.0360 9.4883
3 1.1569 1.6848 259.6403 0.0045 0.0065 0.0039 0.0358 0.0522 0.0310 8.0401
4 2.2855 2.3954 303.8708 0.0075 0.0079 0.0033 0.0397 0.0416 0.0174 5.2722
5 1.8415 2.2668 335.9580 0.0055 0.0067 0.0030 0.0403 0.0496 0.0219 7.3480
6 2.0593 2.4733 387.8001 0.0053 0.0064 0.0026 0.0438 0.0526 0.0213 8.2411
7 2.1426 2.9461 464.1149 0.0046 0.0063 0.0022 0.0419 0.0576 0.0196 9.0736
8 1.0672 1.3171 257.6144 0.0041 0.0051 0.0039 0.0468 0.0578 0.0439 11.2970
9 1.0484 1.3627 256.4108 0.0041 0.0053 0.0039 0.0434 0.0564 0.0414 10.6160
10 1.8838 2.5714 409.9047 0.0046 0.0063 0.0024 0.0408 0.0556 0.0216 8.8686
11 2.0713 3.0662 485.8663 0.0043 0.0063 0.0021 0.0422 0.0625 0.0204 9.9036
12 1.9953 3.4679 479.6089 0.0042 0.0072 0.0021 0.0406 0.0706 0.0204 9.7660
13 2.7617 4.3572 596.4277 0.0046 0.0073 0.0017 0.0380 0.0600 0.0138 8.2159
14 2.1705 3.3852 571.6261 0.0038 0.0059 0.0017 0.0390 0.0609 0.0180 10.2807
15 1.6103 2.5665 513.3924 0.0031 0.0050 0.0019 0.0408 0.0651 0.0254 13.0179

ov



M3199 3 (AD)

No RM/PDT RM/LH RM/Man Man/PDT Man/LH Man/RM TDE/PDT TDE/LH TDE/RM TDE/Man
16 2.2609 3.2690 499.5744 0.0045 0.0065 0.0020 0.0449 0.0650 0.0199 9.9285
17 2.3085 2.9769 476.7517 0.0048 0.0062 0.0021 0.0464 0.0599 0.0201 9.5923
18 3.0200 3.4591 629.5533 0.0048 0.0055 0.0016 0.0492 0.0563 0.0163 10.2534
19 3.4233 3.8464 647.2427 0.0053 0.0059 0.0015 0.0518 0.0582 0.0151 9.7929
20 1.8965 1.9737 372.9098 0.0051 0.0053 0.0027 0.0491 0.0511 0.0259 9.6500
21 1.5646 1.6843 280.6192 0.0056 0.0060 0.0036 0.0485 0.0523 0.0310 8.7061
22 2.2663 2.1738 337.8931 0.0067 0.0064 0.0030 0.0493 0.0473 0.0218 7.3507
23 2.3022 2.0595 351.0689 0.0066 0.0059 0.0028 0.0477 0.0427 0.0207 7.2796
24 2.2200 2.2330 352.2647 0.0063 0.0063 0.0028 0.0547 0.0550 0.0246 8.6753
Average 1.9894 2.5584 406.8249 0.0050 0.0063 0.0027 0.0450 0.0583 0.0251 9.2954
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No MC/TC  MCLC — MCUC  TCMC TC/LC TC/UC LC/MC LC/TC LCUC  UCMC  UC/TC UC/LC
1 1.0251 12160 6.5310 0.9755 1.1862 6.3710 0.8224 0.8430 5.3710 0.1531 0.1570 0.1862
2 1.0252 12160 6.5334 0.9754 1.1861 6.3729 0.8224 0.8431 5.3729 0.1531 0.1569 0.1861
3 1.0254 12160 6.5420 0.9752 11859 6.3800 0.8224 0.8433 5.3800 0.1529 0.1567 0.1859
4 1.0254 12160 6.5420 0.9752 11859 6.3800 0.8224 0.8433 5.3800 0.1529 0.1567 0.1859
5 1.0253 12160 6.5389 0.9753 1.1860 6.3775 0.8224 0.8432 5.3775 0.1529 0.1568 0.1860
6 1.0252 12160 6.5357 0.9754 1.1861 6.3748 0.8224 0.8431 5.3748 0.1530 0.1569 0.1861
7 1.0253 12160 6.5389 0.9753 1.1860 6.3775 0.8224 0.8432 5.3775 0.1529 0.1568 0.1860
8 1.0251 12160 6.5310 0.9755 1.1862 6.3710 0.8224 0.8430 5.3710 0.1531 0.1570 0.1862
9 1.0251 12160 6.5286 0.9756 1.1863 6.3690 0.8224 0.8430 5.3690 0.1532 0.1570 0.1863
10 1.0250 12160 6.5273 0.9756 1.1863 6.3679 0.8224 0.8430 5.3679 0.1532 0.1570 0.1863
1 1.0246 12160 6.5099 0.9760 11868 6.3536 0.8224 0.8426 5.3536 0.1536 0.1574 0.1868
12 1.0247 12160 6.5126 0.9759 1.1867 6.3559 0.8224 0.8427 5.3559 0.1535 0.1573 0.1867
13 0.7993 0.9228 5.9704 12512 1.1546 7.4699 1.0837 0.8661 6.4699 0.1675 0.1339 0.1546
14 0.8243 0.9534 6.0899 12131 1.1566 7.3876 10489 0.8646 6.3876 0.1642 0.1354 0.1566
15 1.2092 14305 7.8149 0.8270 1.1830 6.4631 0.6991 0.8453 5.4631 0.1280 0.1547 0.1830
16 1.1033 13052 7.1305 0.9064 1.1830 6.4631 0.7662 0.8453 5.4631 0.1402 0.1547 0.1830
Average  1.0148 1.2002 6.5861 0.9940 1.1820 6.5147 0.8416 0.8461 5.5147 0.1523 0.1539 0.1820

[4%



43

d
4. MIINTZHNI0ADY (Regression Analysis)
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LH/MAN
PDT/RM
MAN/RM

PDJ/PDT
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LH/RM
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dunlsoase

(P

aunNITInnnoY

1

MC/LC
LC/MC
MC/UC
UC/TC

MC/LC
LC/MC
uc/MC
UC/LC

LC/TC

MC/UC
UC/LC
LC/MC
TC/UC
uc/MC

MC/UC
UcC/TC
LC/TC

TC/LC

MC/LC
LC/TC

TC/UC
UC/LC
LC/uC
UcC/TC

MC/TC = 1.079+0.166(MC/LC)

MC/ TC = 0.74+0.185(MC/LC)+1.73(LC/TC)-

1.83(LC/MC)

MC/TC = 1.62-0.42(LC/MC)

MC/TC =-0.795+0.1(MC/UC)+8.3(UC/TC)

MC/TC = -0.324+0.527(MC/LC)+0.95(LC/TC)
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Scatterplot of PDJ/LH vs PDJ/RM, PDT/LH, LH/RM, PDT/Man, LH/Man
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Scatterplot of PDJ/LH vs PDJ/Man, Man/LH, LH/RM, RM/PDT, LH/PDT
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Scatterplot of PDJ/LH vs PDJ/PDT, LH/Man, Man/RM, PDT/RM

PDJ/PDT LH/Man
® o L4 L)
© © -1.4
° . . e ° K - ° -
o o
/ -1.2
. o © hd o e ° ® o
- - - 1.0
. . hd e hd e . °
5 o ° b hd - 0.8
E 0.80 0.85 0.90 0.930 140 160 180 200
o Man/RM PDT/RM
° Y o 3
1.4 4 A .
. ... . e o oo o °
o o
1.2 4 - - ° °
. hd . L ° o o
1.0 4 o e
- L4 ° - @ .
0.8 1 ®e A
T T T T T T T T
0.002 0.003 0.004 0.2 04 0.6 0.8 1.0

MNWHUINA N3 LHUNINAITNTZINUDIRFUIATDVIONANITAUTUIIUN 3

Scatterplot of PDJ/LH vs PDJ/Man, Man/RM, TDE/PDT, PDT/RM, TDE/LH
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Scatterplot of PDJ/LH vs PDJ/PDT, PDT/Man, LH/RM, PDT/RM, Man/PDT
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Scatterplot of MC/TC vs MC/LC, LC/MC, MC/UC, UC/TC
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Scatterplot of MC/TC vs MC/LC, LC/MC, UC/MC, UC/LC, LC/TC
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Scatterplot of MC/TC vs MC/UC, UC/LC, LC/MC, TC/UC, UC/MC
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MC/TC

Scatterplot of MC/TC vs MC/UC, UC/TC, LC/TC, TC/LC
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Scatterplot of MC/TC vs MC/LC, LC/TC, TC/UC, UC/LC, LC/UC, UC/TC
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1l.Stepwise Regression: PDJ/LH versus PDJ/RM, PDT/LH, ...

Alpha-to-Enter: 0.15 Alpha-to-Remove: 0.15

Response is PDJ/LH on 5 predictors, with N = 24

Step 1
Constant 0.04271
PDT/LH 0.850
T-Value 16.89
P-Value 0.000
S 0.0581
R-Sq 92.84
R-Sqg (adj) 92.51
Mallows C-p 28.7

2.Stepwise Regression: PDJ/LH versus PDJ/Man, LH/PDT, ...

Alpha-to-Enter: 0.15 Alpha-to-Remove: 0.15

Response is PDJ/LH on 5 predictors, with N = 24

Step 1
Constant 2.214
LH/PDT -1.340
T-Value -15.33
P-Value 0.000
S 0.0635
R-Sq 91.44
R-Sqg (adj) 91.05

Mallows C-p 57.0



3.Stepwise Regression: PDJ/LH versus PDJ/PDT, LH/Man,
Man/RM, PDT/RM

Alpha-to-Enter: 0.15 Alpha-to-Remove: 0.15

Response is PDJ/LH on 4 predictors, with N = 24

Step 1 2 3 4
Constant 1.667 1.520 2.461 1.191
LH/Man -0.00320 -0.00361 -0.00791 -0.00798
T-Value -1.53 -1.80 -8.86 -15.69
P-Value 0.140 0.086 0.000 0.000
PDT/RM 0.383 1.966 2.073
T-Value 1.80 11.50 20.98
P-Value 0.087 0.000 0.000
Man/RM -419 -452
T-Value -10.65 -19.66
P-Value 0.000 0.000
PDJ/PDT 1.48
T-Value 6.52
P-Value 0.000
S 0.206 0.197 0.0780 0.0444
R-Sqg 9.62 21.66 88.26 96.38
R-Sqg(adj) 5.51 14.20 86.50 95.61
Mallows C-p 453.9 392.8 45.6 5.0

4.Stepwise Regression: PDJ/LH versus PDJ/Man, Man/RM, .

Alpha-to-Enter: 0.15 Alpha-to-Remove: 0.15

Response is PDJ/LH on 5 predictors, with N = 24

Step 1 2 3
Constant 0.2884 1.1624 0.9878
TDE/LH 14.8 18.4 16.7
T-Value 5.53 15.99 11.63
P-Value 0.000 0.000 0.000
TDE/PDT -24.1 -21.3
T-Value -10.49 -8.08
P-Value 0.000 0.000
PDJ/Man 0.00082
T-Value 1.82
P-Value 0.084
S 0.140 0.0575 0.0546
R-Sqg 58.12 93.29 94.25
R-Sqg(adj) 56.22 92.65 93.38

Mallows C-p 277.5 29.6 24.9



5.Stepwise Regression: PDJ/LH versus PDJ/PDT, PDT/Man,

Alpha-to-Enter: 0.15 Alpha-to-Remove: 0.15

Response is PDJ/LH on 5 predictors, with N = 24

Step 1 2
Constant 1.9146 0.8461
Man/PDT -153 -160
T-Value -4.87 -5.28
P-Value 0.000 0.000
PDJ/PDT 1.25
T-Value 1.73
P-Value 0.099
S 0.151 0.144
R-Sqg 51.89 57.88
R-Sqg(adj) 49.70 53.87

Mallows C-p 221.7 193.6
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6.Stepwise Regression: MC/TC versus MC/LC, LC/MC, MC/UC,

UcC/TC

Alpha-to-Enter: 0.15 Alpha-to-Remove: 0.15

Response is MC/TC on 4 predictors, with N = 16

Step 1
Constant 1.079
MC/LC 0.166
T-Value 2.95
P-Value 0.010
S 0.0859
R-Sqg 38.37
R-Sqg (adj) 33.97
Mallows C-p 34.6

7.Stepwise Regression: MC/TC versus MC/LC, LC/MC, UC/MC,

Uc/LC, LC/TC

Alpha-to-Enter: 0.15 Alpha-to-Remove: 0.15

Response is MC/TC on 5 predictors, with N = 16

Step 1 2 3
Constant 1.0793 -0.3244 0.7406
MC/LC 0.166 0.527 0.185
T-Value 2.95 5.77 4.05

P-Value 0.010 0.000 0.002
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LC/TC 0.95 1.73
T-Value 4.33 16.23
P-Value 0.001 0.000
LC/MC -1.83
T-Value -10.14
P-Value 0.000
S 0.0859 0.0571 0.0192
R-Sqg 38.37 74.78 97.37
R-Sqg (adj) 33.97 70.90 96.71
Mallows C-p 237.9 92.3 2.7

8.Stepwise Regression: MC/TC versus MC/UC, UC/LC, LC/MC,
TC/UC, UC/MC

Alpha-to-Enter: 0.15 Alpha-to-Remove: 0.15

Response is MC/TC on 5 predictors, with N = 16

Step 1
Constant 1.620
LC/MC -0.42
T-Value -2.56
P-Value 0.022
S 0.0903
R-Sqg 31.96
R-Sqg (adj) 27.10

Mallows C-p 816.2

9.Stepwise Regression: MC/TC versus MC/UC, UC/TC, LC/TC,
TC/LC

Alpha-to-Enter: 0.15 Alpha-to-Remove: 0.15

Response is MC/TC on 4 predictors, with N = 16

Step 1 2
Constant 1.1215 -=0.7947
MC/UucC 0.024 0.100
T-Value 1.80 8.28
P-Value 0.094 0.000
uc/TC 8.3
T-Value 7.30
P-Value 0.000
S 0.0987 0.0453
R-Sqg 18.72 84.07
R-Sqg(adj) 12.91 81.62

Mallows C-p 51.0 2.4
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10.Stepwise Regression: MC/TC versus MC/LC, LC/TC,

Alpha-to-Enter: 0.15 Alpha-to-Remove: 0.15

Response is MC/TC on 6 predictors, with N = 16

Step 1 2
Constant 1.0793 -0.3244
MC/LC 0.166 0.527
T-Value 2.95 5.77
P-Value 0.010 0.000
LC/TC 0.95
T-Value 4.33
P-Value 0.001
S 0.0859 0.0571
R-Sqg 38.37 74.78
R-Sqg(adj) 33.97 70.90
Mallows C-p 337.3 133.0
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The regression equation is
Man/PDT = 0.00463 + 1.98 Man/RM - 0.00903 PDT/RM

Predictor Coef SE Coef T P VIF
Constant 0.0046338 0.0001391 33.31 0.000
Man/RM 1.98462 0.08936 22.21 0.000 3.3
PDT/RM -0.0090318 0.0003903 -23.14 0.000 3.3
S = 0.000198557 R-Sg = 96.4% R-Sg(adj) = 96.1%

Analysis of Variance

Source DF SS MS F P
Regression 2 0.000022178 0.000011089 281.27 0.000
Residual Error 21 0.000000828 0.000000039

Total 23 0.000023006
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The regression equation is

LH/PDT = - 0.733 + 0.00466 LH/Man + 156 Man/PDT
Predictor Coef SE Coef T P VIF
Constant -0.73261 0.05972 -=12.27 0.000
LH/Man 0.0046556 0.0002703 17.22 0.000 1.2
Man/PDT 156.079 5.557 28.09 0.000 1.2

S = 0.0247239 R-Sg = 97.6% R-Sg(adj) = 97.3%
Analysis of Variance

Source DF SS MS F P
Regression 2 0.51442 0.25721 420.78 0.000
Residual Error 21 0.01284 0.00061

Total 23 0.52725
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The regression equation is
PDJ/LH = 1.12 + 1.27 PDJ/PDT - 1.38 LH/PDT

Predictor Coef SE Coef T P VIF
Constant 1.1234 0.1513 7.43 0.000

PDJ/PDT 1.2696 0.1705 7.45 0.000 1.0
LH/PDT -1.37917 0.04721 -29.21 0.000 1.0
S = 0.0340718 R-Sg = 97.6% R-Sg(adj) = 97.4%

Analysis of Variance

Source DF SS MS F P
Regression 2 1.01165 0.50582 435.72 0.000
Residual Error 21 0.02438 0.00116

Total 23 1.03603
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The regression equation is
LC/UC = 6.49 + 9.35 LC/MC - 60.6 UC/MC

Predictor Coef SE Coef T P VIF
Constant 6.4912 0.3194 20.33 0.000

LC/MC 9.3514 0.4074 22.95 0.000 1.3
uc/MC -60.614 3.004 -16.54 0.000 1.3

S = 0.196976 R-Sq = 97.7
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Analysis of Variance

Source DF SS MS F P
Regression 2 21.829 10.915 281.30 0.000
Residual Error 13 0.504 0.039

Total 15 22.333
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The regression equation is

MC/UC = - 12.7 + 6.54 MC/LC + 1.91 LC/UC
Predictor Coef SE Coef T P VIF
Constant -12.743 1.321 -9.65 0.000

MC/LC 6.5366 0.3778 17.30 0.000 2.0
LC/uC 1.9081 0.1223 15.60 0.000 2.0

S = 0.405338 R-Sg = 96.1% R-Sg(adj) = 95.5%
Analysis of Variance

Source DF SS MS F P
Regression 2 52.759 26.380 160.56 0.000

Residual Error 13 2.136 0.164

Total 15 54.895




83

4 a 4 1 o A
vns1awuanﬁfm ﬁNﬂ1§ﬂﬂﬂ@ﬂuﬁ$ﬂ153m518ﬂﬂ31muﬂiﬂiJumBMﬂ§8m18Wﬁﬂ15ﬂnu1N1u

1 6(Profitability) A¥HszauIANIN 1

The regression equation is

MC/TC = - 1.27 + 0.0905 MC/UC + 5.18 UC/LC + 1.00 LC/TC
Predictor Coef SE Coef T P VIF
Constant -1.2693 0.4769 2.66 0.021

MC/UC 0.09046 0.01518 5.96 0.000 4.1

Uc/LC 5.1756 0.9375 5.52 0.000 6.0

LC/TC 1.0028 0.2230 4.50 0.001 6.6

S = 0.0557862 R-Sg = 77.7% R-Sg(adj) = 72.2%
Analysis of Variance

Source DF SS MS F P
Regression 3 0.130413 0.043471 13.97 0.000
Residual Error 12 0.037345 0.003112

Total 15 0.167758

A3 UMILANUAILVVUNAVDIANUARIAAADY taza1nuulTlsunanves

ANMUAIIAINADY

Percent

Normal Probability Plot of the Residuals
(response is Man/PDT)

Residual

Residual

T T T T T T T T T T
-0.0004 -0.0003 -0.0002 -0.0001 0.0000 0.0001 0.0002 0.0003 0.0004 0.0005

0.0004 1

0.0003+

0.0002+4

0.0001+

0.0000

Residuals Versus the Fitted Values
(response is Man/PDT)

-0.0001+

-0.0002+

-0.0003

-0.0004

L]
S
hd .
(]
(]
(]
T T T T T
0.003 0.004 0.005 0.006 0.007
Fitted Value

MNEUINH 11 nsvimsuenueanuulnduazaianulslsiunsnvesanuaaiamaou

=) 1 o A A .. v A Y a wva A
YBUATDUIBHANITAUHUUN 3(Productivity) At szaulian13n 3




84

Percent
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Y = PDJ/RM aunNITInnnoeY R-Sq(%)
Network 1 Y = 1.3368-0.176(RM/LH)-9(TDE/PDT) 74.81
Network 2 Y =0.9785+0.023(LH/PDT)-0.257(RM/PDT) 89.76
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Network 1 Y = 127.8-31.8(LH/PDT)+0.71(LH/MAN)-16(RM/PDT) 71.06
Network 2 | Y = 256.1+80(PDT/RM)-34.1(LH/RM)-16084(MAN/LH) 65.50
Network 3 | Y =-166.66+8.9(PDJ/TDE)-18(LH/RM)+1.1(LH/MAN) 75.79

Y =-192.635+9.13(PDJ/TDE)-

Network 4 10.6(PDT/RM)+1199(MAN/RM)+21.3(TDE/MAN) 99.75

Network 5 Y =-155.67+123.8(PDT/LH)+1.11(LH/MAN) 95.37




103

9
[ Y

Y A A A a Y o o o Y
astiuennsnagd1dan Won1san Y = Product Anda lasiu / Sr1uauminay udd
v Y . A A Y1 o a S
VWU Network 4 1#91 R-Sq(adj) 1niige tosninuaaslandwlsoaszlidiulums
a o [ [ qul 1 v o { a
pFuneanuAumlsvesiusam ldge duinnieviennuduiuives Y = Product Nnan

Y o o o == Y A
T&vtu 7 $ruauminau 39155 1uuua 1w Network i 4



104

sz ¥amsfane tazmsnau

o — UIWEANA

7 =\ = dl a

U ou 1) Nna
da

amung

5z3amsany

o ] Y d' @
dumaninnmsauilagiiv

d' o %
aouninuilagiiv
NANUAAULAZTIIANINIBINT

=2 A Yo
nuMIANEN 1a5y

wnanilesmil nuasauna

12 Hu1AY 2526

9. QN5

YTyaa3daanssuandastiuda au1IfINIsy
QARINNIT INUMIINAOINBATAIEAT
Aransthoiln A

o w

U3EN Towusain 3100

lasunuitiodeunnaagimnisumans
MAIYIAINTINGAAIHNT

UHINFUNEATANANT (W.F.2548-2549)





