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Abstract

Assistant Prof. Rungsun Lertnaisat: Productivity improvement in service sector:
Theory, method, problem, and accuracy of productivity measurement model, and

case studies in some service business in Thailand.

This study has objectives to study: 1) theory, method, problem and accuracy of
productivity measurement model of service sector, 2) the productivity and efficiency
measurement model of some selected distinguished service sectors, 3) How to improve

productivity and efficiency of service sector in Thailand.

In this study, theories concerning productivity and efficiency are collected from
researches, academic papers from both inside and outside the country, and analyzed in
order to compare the concerned theory, method, problem and model of productivity and

efficiency measurement.

From analyzing such theories, it is found that models for productivity measurement
implemented in service sector are almost adapt from productivity measurement in
manufacturing sector, that is using Output multiplied by Input. Factors used in
measurement are capital, labor, and total factor productivity, TFP (others factors besides
capital and labor), but it is found that TFP has problem that it cannot be measured
quantitatively. Moreover, definition of productivity and efficiency is unclear, and if

efficiency improvement is needed, quality of service must be considered.

Another measuring model which is popular in productivity measurement is
measurement from financial index. Then, financial data and index of 4 service sectors,
which have different characteristics, in Thailand, including restaurant business, hotel and
resort business, transportation and warehouse business, and commercial bank business,

are collected.

Financial data is collected from Business Data Warehouse, Department of
Business Development, Ministry of Commerce, consists of financial statement, profit and
loss statement, and financial ratios, of 3 fiscal years from 2015 to 2017. Average of 3
fiscal years of each index of total 13 indexes, standard deviation, of each business level

and total business of 4 business sectors are collected and calculated. Numbers of



samples of each business sector are as followed: Restaurant business sector has 192
samples, hotel and resorts business sector has 320 samples, transportation and
warehouse business sector has 300 samples, and commercial bank sector has 16

samples, respectively, and total is 828 samples.

13 financial indexes of 4 business sectors are analyzed and 5 indexes which

directly explain productivity and efficiency are selected and concluded as follows:

1. Return on Asset (ROA) ratio (%). The business sector having highest average
is restaurant business, has 7.95%, while the lowest is hotel and resorts business having
0.86%. Highest S.D. is hotel and resorts business at 26.79 points, the lowest is
commercial bank at 0.81 points.

2. Return on Equity (ROE) ratio (%). The business sector having highest average
is restaurant business, has 27.22%, while the lowest is hotel and resorts business having
10.23%. Highest S.D. is restaurant business at 53.99 points, the lowest is commercial

bank at 5.82 points

3. Gross profit on total income ratio (%). The business sector having highest
average is commercial bank, has 71.78%, while the lowest is transportation and
warehouse business having 27.08%. Highest S.D. is hotel and resorts business at 22.94

points, the lowest is commercial bank at 9.11 points.

4. Net profit on total income ratio (%). The business sector having highest
average is commercial bank, has 12.27%, while the lowest is hotel and resorts having -
10.87%. Highest S.D. is hotel and resorts business at 54.62 points, the lowest is

transportation and warehouse business at 8.65 points.

5. Operation expense on total income (%). The business sector having highest
average is hotel and resorts business, has 45.54%, while the lowest is transportation and
warehouse business having 20.78%. Highest S.D. is hotel and resorts business at 41.57

points, the lowest is restaurant business at 21.74 point.



From the study, It is found that productivity is much different because of the
different characteristics of business, it is also different due to size and location of

enterprise. Then different measurement is needed to measure accurately.

The way to improve productivity is utilizing new technology, especially IT, to
improve the service process, and also it is necessary to improve personal skill which is

the most important factor for service sector.

Keywords: Classification of service sector, Characteristics of business, Productivity,

Efficiency, Financial Index
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3. AMARNILVDI HAANIN (Productivity)

3.1 ANNRNIBVDI A2 Productivity
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“ Productivity is a measure of the efficiency of production. It can be expressed as

the ratio of output to inputs used in the production process. (Somkiat , 2014)”
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rate of production of new biomass by an individual, population, or community; the fertility
or capacity of a given habitat or area. “Nutrient-rich waters with high productivity") ﬁﬁ’lﬁ
Indifiss anwauysal Anwgan ANNIIAT #1199
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factory, system, etc., in converting inputs into useful outputs. Productivity is computed by
dividing average output per period by the total costs incurred or resources (capital,
energy, material, personnel) consumed in that period. Productivity is a critical determinant

of cost efficiency.)
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4.5 HAANIN UAZATKATNYBINTIUINIS (Service productivity and Service

Quality) ( Bilal Balci, Alicia Hollmann, Christoph Rosenkranz, 2011)
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5.6 NAANWANBIULSHNAIUSN3 ( Lovelock, Wright, 2003)
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WINITUADIN mmamauauaammﬁaammaagnﬁ’] LRSN UWUWNﬁﬂZHiiQNﬁ@Iﬂ')W%BGIﬂ'M

UIW13978 (Christopher Lovelock, Lauran Wright, 2003)

57 TatAan13IANAANIN multi-factor  28989ANIIUIN1T (Multi-factor
productivity measurement model for service organization) (B.S. Sahay , 2005)

MIIANFIMNIUBIANTUIANS

1 A a [ a 6 a o [ A (% v [ 6 6

AauNazsuIaNRnMnYadaInnIuINT Sudunazdaadila tenanuaivadadnng

a £§ QI { o N v v 1 g v Qs v v
uIng sﬁGLﬂ%ﬂdﬁﬁ']ﬂiy LWT]Z@IBGL"I]']SL?']’N ﬁ]:ma:"l,i LL&ZﬁGLL%J'J’]’%&&']&H?G’J@]VL@]WJSEKI%

' '
a A v

wmanaazlslun1sia waz 35n13anw azdui ﬂgﬂ@lamazlﬁﬂiﬂmﬁ a9aNIUSNIIA
AWAMRABUINNTY 70T NITUININUNITTU NITUEI N1IQUARBATN N1IALEN
MIANET MIITLUAZWAILT NNIVBINLILAZLTIT MTIRALInIeane g
AIiU NYUNBIVBI NOB NMTIA Fsennazidanuuulanuunis nTUszLand
= &L A on a A o a =
Wuwinosidngin melumsdfuanisusng azaaliiimiamadinauazqmnw 39
val ° & o & .
"L@wmim%u@ﬂixmuﬁfym @3 (Vourinen et al. 1998)

1.2290 USuouuas input Lz out put atnals
2.3220 ARNTNYDY input LA output atnals

¥ 4 a o & & o s 6 .
3 2zl3Uselomt 2a9nNUFNART TINULATAK VBIaIALITENaVoutput WaE input

fuanenaleasgls

) J s @

ANNTUTaUVBINTTIA inputiaz output 1XNE AMNTAUEINTULI TumTianda

U

o

a & & o Io ¥ a 1 o o a
nmw Tuasdnininis  Gsenvvsdusungddnfivhldasdnsuinig ldnsTandanin
wilaunuuTunuiafuddinlngvin uazvirliarannusuisalunisdivlys

NTUIWNIT

wanand dulnalunisianfanin wu dnaglditnmanaaniiewuuuaInusEn

A i o ' ' o A o {o o o

MIHAR (W1 BATFIRITNIN MIAYUIL® UAZAUN®) mmqﬂizmﬁﬁmﬂmﬂumim

NRAATWIWAAANITINNNRANTN LAZANTIANIANIZEN 9219 1aTasdavinwigd1nTunis
L= a =4 = di A a d! ) v o

ussuhmang - malanaanwasduaisstianisaiugunsuinig FavinlwmNITn i

L5 a & { t:l a v J v
Qmaﬂﬂmzmaamsmms o9 El’m&l’mﬁ‘i]zL‘W&lNﬂ@]ﬂ']wsl,%gd"ﬂ%vl@

Vuorinen et al. (1998) launziinin azdaslidssiaudranda i ivalwldnisian

WNIND AR IRTUNRANIWAINRG
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113 Yunasmadudiinmuszguninazdasiany jualwld
° A wa & @ a & ) o A a a %
2.m3thandfuann azdas inedudu nibpvasmmiansunsnouiisyla

3.anutduldlevas nantenuszay azdasinunlTdantuanunesvluniia

lunmsd Ud nIsnawInmsialdsn (single measure)  BBINAANIWNITLINITRG

Usztauena g euuwin qualanirasdunsvimenen

o & A [ A A A A = o
Torawau9tseiawnenudym nianw wazdsz@ninwuinsiduanudadnis
M lUnazinldgnmsdassidouumifanianineads (Blois, 1985; Gronroos, 1990,

Gummersson, 1993; Mclaughin and Coffey, 1990)

1.0utput 98903M7 Azdaaimduanddinal gnd LazIINUYUNBIVBIZNEN
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5. 0TI TINATA VBINAANIW 22609 MTUNUANITIA output/input LU static

6.113IA MR DIWNNIDINLAE 22091 T 16 A1RTUAMNTUTDY LAZAIURAINAEL

a3m I JuaniIuInig

ANNUTZLABAINENITIIA W ﬁﬂﬁj’ﬁﬂd’]msﬁﬂLauamsﬁ"@]Nﬁ@lmwmaaaaﬁmu?ms
W Ju1nnn desidumsianamadia Wi asddsznauiiAsidastunianinle
9 NILRE T mmm%’uflﬁl,ﬁmmas'nuwhifu &gwaﬂ,(ﬂmfamaamﬁ@wﬁmmw Wiaw
N a9 fruwus "L@T%'umiw”wmLﬁalﬁmsqmﬂﬁﬂmmaNﬁ@lmw Lﬁ"amszj'l,ﬂ'mm"uaa

13N G TMINAI TULAaEINIL NANTTURATLLNKA NINNTT LRNWALALD
5.8N133MTotal productivity index(TPI) #38 ABHHAANINIALTIN

Adg L L &’ v A a @ o = o dld [
Tﬁu"l,mumiwwu’muwug’mmadmuwammw 284 @290 sobnan Ni waneUadw

(Multi-factor key terminal parameters(KTPs) uazdl aasoinandas (SKTPs) KTPs

6 o A

Ao 10w output Va9 84ANT  AIAAINEIT "LﬁgﬂLLﬂaLLﬂnLﬂu §27a7 static Waz dynamic

=

@  a uq; a [ & ¥
AIIALINUI D ﬁmmummﬁﬁ PIATAUARNY NaﬂizﬂafIJﬂ'ﬁ“lIa\‘iadﬁﬂ‘ﬂuﬂﬁii‘ﬁ'ﬂiWﬂqﬂi

q
ad o €

! v o A . & o a d ' o
VAL RIAW @]’J’J@ﬁl‘ﬂu dynamlC uuﬁa’gﬁ'J@@qNLﬂmm GNLLUﬂLLU:ﬂﬁ]ﬂiiﬂJﬁLmﬂ@l’Nﬂu
2 o v o o I3 a v a o o A a o o
PINTRUA @unu‘ﬂu'ﬂluaﬂﬂﬂj ﬂaﬂ“al%Lﬂ@NaaWﬂuau’]ﬂ@ ATUNINNIN RIRTIU KTPs

Wua1 570089 ATHRNTANIN VB9 AITIANT static Waz dynamic ATHNRANTWIAR AN
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I Gq: . . Gq: &, [ 1 6 a dl [ a
1wNY staticlay dynamic Wb ?l%a%ﬂﬂ qmmmaaaaﬂﬂi:ﬂauwa@mwmﬂmn LRE

whnnne wae ninues a9anIznauNFaanses

#7% Sub-key terminal parameters(SKTP)  @AaadAUsznauf lasunIWAINILTS
d‘y x:§ £ q/d' I3 1 v o L L% 6 d' d' >3
AuB TiwFranuinudiunis uaz gudayadniy nslinelussdng iNeNazdTuyys
UszANTANWUAT HAANTW TRIAKLEY WazENNID LT ladanTUR o9 udneg ttuidn

o ea A o X &
ﬂiWUa%‘ﬂqﬂﬂmuV\’] “nai’lwuﬂ’liﬂuadﬂﬂi

5.9 Overall Equipment Effectiveness: OEE (3@ nyisznay 2554)

=

luL‘%"aai:uumsﬂfqo%'ﬂmw’iwamﬂﬂuﬁmui’;w (Total Productive Maintenance -
TPM) fn13tadssannaesiaiossnslagsin niefisunin Overall Equipment
Effectiveness: OEE 6?‘3:1Lﬂuﬁﬂaw%’uLLa:"l@'ﬁ'ummﬁﬂﬂuqmm'ﬁmmﬂi:mmme] i
5200 TPM anld ivszilumsuaasiannunianvasasassnslwmsldmwindsous
namslnmdunediels madwaiassnsduanusunsanie luinsuaaduinuie

o v =)
WWudwnanntasiNesle
NNIAAN OEE % Usznaudisifaas 3 1a3uda

1.00NILAKLATEY (Availability Rate :A)
2. U5e@nTnwmaawaIas (Performance efficiency: P)
3.807AMAW (Quality Rate : Q)

gmﬂﬁ@‘hmm OEE = AxP x Q

8031N3LAULATEY (Availability Rate) A8 ANUWIaNVBILATRIINTIN1T¥INw 1Tu

MadIBuisuTzninaaawaIad (Operating Time) NULIANTLANT291% (Loading Time)

0ATINNILAULATEY (Availability Rate) = 1IATUMTENK — ANLATBIINTNAYA/

AITUANTZINM = NAWAWATAY / LIANTUNTZIN

o . . v o A o o A
ATUANIZIY (loading Time)  AaLla1NaadNnTiiiaIaI9nI¥ina Satduian
IRUARNIIBIANALAMNULKNYG  FIBIALAKLATEY (Operating Time) ABLIANLATEIINT
9w LUIaTUANTENU N ANFYLEEINIATBITNIAYA LT% NTIATBIV81

1AT899NT MIFYLFDLANTUTLUGIATEIINS
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UszANTAWNILAULATEY (Performance Efficiency)  AB&UITOUENITHING WY DY
2 s = A J a E A . . L
LA3DIANT I@ﬂmimsﬂumum:mwnmmumsaaqﬂﬁ (Net Operating Time) NULIAN

\AWLA389 (Operating Time)
USeANTAMWANSLAWATEY = NAWAKATEIENT / LIAUAWATEY
= (NANAIPIU X WIRTUNUAREA L) / I8 LARATDS

o . A a = v o a
a@i’]qnlaﬂ’]w (Quality Rate) @8 ﬂ?ﬂ&la’lw’liﬂiumiwa@l“ﬂam AIIATNVUDNTIARUAN

v v

a a v o A a o &
anddaimudSauifisunuiwiusesinga ldninua)
DTN = (F1IBTUNWNIANG — WIUTUNULETY) / TIIUTUNUNIAUA

ABLNIAIUI OEE

-0ANILAWLATEY (Availability Rate) 90%
3zANTAWNITLAKATEY (Performance Efficiency) 95%
-0ATINTNNW (Quality Rate) 99%

OEE =0.90x0.95x0.99 x 100 = 85%

OEE @9n&12% MEIMIURIIEIWIIINAANTLATI9 NI I WARN §1N1InNae

a 6 v a a 1 1 =3 va o v o
IuNNLasleNzTe AT lalagde  agrelsfany "meﬁmmﬂi:qﬂm‘%ﬂu
MIIAUTLENTHA LA TINVBINTNUUBINTENINURTE  Overall Employee Effectiveness)

TagNa13a7n 3 1238 aNLWIAALIANTNATINTDILATIANT

=

Tunsmii frwals

1. Availability Rate fa anunsavlunisunviau iunmsiSsufisuseninanm
ANIH9IHATI NULIANYINIWNIRNG  LIAIHN9IUITIAD LIAHUNIRNA RNA2Y LIAN

lildvhanwiiasan mfia sthe neanu enu nsldialunseusy 6 wia
LAINIANIRITI BITAY LIANTIUNIRLG

2. Performance Efficiency @8 U3r&nTn1waaIn13UJuaunansmn a1n 1Ian

41U X ﬁ‘hmu?jmmﬁwﬁm"[ﬁ Lﬂ%UULﬁUUﬁUL’Jﬁ']ﬂ']iﬂJ"l‘ﬁ’]x‘i']W%%x‘]

NANAIFIH X TIWIRTUNUNNEA LAn1Te81IMNITNTNIIHAS
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3. Quality Rate @a wianadiduldaudaminue niaaudainisvasgndd

= ~ o & A, <
WS UNEUNUTWINBNINNIANS

FVIUTUNUNAINIRUA — NUIRTUINWLFY  RITALINUIRTUINUNANIRNA

A18819N1IE1WITE A1 Overall Employee Effectiveness

Wy A Luntnwidadrinwdniied 8 Tl dedn lasulmunadainga
TUINW XXX DA LG 240 T I W8 A 11818 LTwIE 1 TILN9 LaSNAATWINW e 220

[

Tu Sunwldene QC 20 Gu

wen

Availability Rate =  (480-60) /480 = 0.875
Performance Rate = (2 mﬁ@ia%u x 220) / 420 = 10.5
Quality Rate = (220-20) /220 = 0.91

Overall Employee Effectiveness 183118 A = 83.61%

AN3IWIA1 Overall Employee  effectiveness =OEE  @nua1a819T19a% L wa28814
' { o v & o Ao a A @ a \ \ o
e Adesnsugasliiiuin Tespitadsz@niusasninauiansmadilaadianis
N ' ) . - @ ] Y ] = '
Tale” dregnaitu Availability Rate aIwiniiu aunity 8199ziasndn 2a98naunis ue
waNaTow b1 17998 Performance Rate Wway Quality Rate 9z u1nnin vihlh OEE wa9
£ n‘r A 2 = ¥ Y A =2 [
winuauil 8199zgInrdnauntaild wazdrRarsmndnasluluads Performance
Rate  2a9WHhnamAnLIn Je1uinndt sasgimwitinueld ugasinninauauiinezd

nnwzlumsrinnun g3 814138 ﬁ’%‘]’]u‘lﬁi’) o5

n3l4 Overall Employee Effectiveness 8193zvandszgnd l433nauinnmm ldau
I a U dl o 1 a dl ' v A o nq’ dl L £ uq:
uran annniaiesans waanvezfatymnin el windununnuld Tauns ns

Y Aaa

TAAMNTNTBINULARETUNTNIL AxdasinluidTinm ¢ (5@ unyilsznau 2554 )

9 q

510 HWAGAINIBAITUINIF-AIMNANABS IZRIVHAANINNITUIHIINUNAA
mwmmgmmwmz;nﬁ’ﬁ 91N Service productivity: Towards understanding the

relationship between operational and customer productivity (Nﬁ(imﬁwlum‘m%m‘i TR
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mwLﬁwlaﬂ'nm?uw”ufszijNﬁ@lmwmiu%miﬁuNﬁmmwmmgwawaagnﬁﬂ )

( Johnson, R., 2004)

UNAINTE 32aTUILAINNRNILUDY “NRANIW” LAZ RIN1IAITNLANAIIAIN
“yzANTA W’ waz ‘Avlduszlunt’ @197 NRaAIW anvazTINnNNgR a1 Tl
dszlowsi(utiization),  Usz@nTaw (efficiency), UszAnTwa (effectiveness) AN
MIMNAAZLL LAz AAN9INaLIZNauNNIanY Utilization 1w 8@sa@Iuues output NUia3e

=} a wa = Q dl v
P89INITVINNINTT nIamMIUJuans ieuny sussausiiesnuuuld  (Slack et al,

2001)

Productivity ~ flaaasdaunasfeNnge lagnsdfuanisvesnszuiwnanu s
FaINIIAHAe W3e #7418 9 Aadanawifisy output NUYIA39 AU input Tuszzim

Wi (Slack et al., 2001)

o

Total factor productivity (TFP) Ao AINRINVDIoutput 108390 VBINAAN U

v
o

PINNA WAL USNNTNInNA (Wouny input  tdlunswens deldaunsansnidrllly
NRANTA W38 WRANIWN1TUSNNT Luaaug &% Single factor productivity (SFP)  1iw
output VBINAAATH x  LABUAL input NIWENNT VBI HAAADAN x  HAANIN 5I3LaN
WAAad UszAntua uaz UssAninw 49 dszansninin ﬁasm"'mawaé’wﬁqmﬁw @9

U ANAITIUNGBINNT (Slack, 1997)

NRANIWHUARGAEIN W2l J93p8NATY 3 8819 (Fitzsimmons and  Fitzsimmons,

1997; Anderson, 1996; Witt and Witt, 1989)

132n13UIN  output AN a%mﬂlugmmuﬁmn@mmn 9N input  LWIIEIN
'Y [ A s \ o (% & @ A o ¢ A
output mazmlugﬂmﬂumﬂmw TUAUIY (FNUWIBARVRITOIUG) 6% AlATad H3e
ke (Qis Wel input  ATUANGIIIULEINIEAIN WRZIINATIAVBIAK (1IN NN

%

Tluarham) wia T0nau (au nIadunu)

Uszn1iiigas aamaIwadurlatantasneInunNalIznauni1s  aa3182% Ua I
0.75 deikay antiuaztdSuuinauny bench mark Tuada wIandamwnidwldlauasniy
Uuan1s

[
v

U3eN1IN8IN TOTEIWALANAIIN WD LIININNIIN LT LANINIIAIUNTITIIUUAE

1ailgni3n
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ANINNANNNVAI NRANTNW

ﬁaﬁ ﬂﬂ']&ll]i”ﬁﬂﬂ']‘im mﬂumuv\mmaamwmumsmiﬂgummi LTWANY

v

Usants v iuuuude uazldlasgndr  andrfisauiinlunsdjidnisuinng

[

NRANIWLEILHIANT (operational productivity) 34 lasun1safunafinuadn iunalnaes

% v

a 1 a a wva ' . [} & A . a
NIV IWVDI output L”HG?JQU@IT]’]‘S ¢ input SL%“]I’NL’JG’]‘MHG 54 input fa ’)@IQ@U Qﬂ 1

WINIU UAZAUNUANIY §3U output Aa andn niWenINlE Muld drg

§UNT 1 HAANIWIBIANEN ANNBDI NAINYI BATIEIN V8BS input 2BIANAN LT

naNaad b WaTAUN® SINITUNAN L% output Uszgunsal outcome WAZA AT

v 3 o A [ Y Aa u/ A e @ 6 o a
RUNIT 2 LU ﬂizm%%aﬂ“ﬁd%\lﬂaﬂﬁ]ﬂ@]ﬂﬂlli’]Elﬂ%luLiE]dﬂ’J’]&lE‘T&lW%ﬁﬂUNa(ﬂﬂ’]‘W

Y A v

TUNITNRAFUA NRANIWAINTT F=AGANINHNAS LAZANA stnazﬁnngj@i”unm‘h H

U

2

1A uuInny wan g SnIuglEuing $S1vhang wianwdidn (dudszaunisot

1 { v A

ni = =] =} =K 9/5' o et v A 1 v v

7146 uaz anuianalanie quennstldenag ) dmivgndn  luwmen gouiu ldgndnd
a { & i % Aa f ' @ Y ) ' a

HAANIWAFITU 1Ay dfiasdasing 1um’1wj’[uﬂ’mmﬂammamwufizwm NRANTW

U JUAnT nU wianwuasgnan

Schmenner  and Swink (1998) lana1alidn Bsdnsinavesiagfuru

. P 2 omoa D ¥
NLLIUNNINAMN IS ILAZAINLYINLS NIZLIUNIIUUTITNAANTNNNIND 1
NMIUIRIINAANINNITUSANT

MANNHEAMWEIUAMT TEUNIDLRUHEANINYBINAN UAZLIATS D199
NANIATINWINY @9%W LNEIRTIN WAANWEIUHTANS vz ldaanindsziliunie
nmwszuulaganle asuuaTRaTanaNuaNNUiTaY Kean WSl fiiAn"T (operational

productivity) AU HAANNVEIANAT (customer productivity )

{ é/ AI a a A wa 1 a v
My mafiiiln eIy Kianwidid Jidnng udensazaanianinsasgndd
wwia naRuaus lun1slfuanis dliRanienin dez@niaaw uas nasle

Useloml fousin waanwaes asddsznauiand (aﬂm) HInIlnlanlAy (output WAL
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Robert Ayres, Benjamin Warr (2009) lawuin IuL@aﬁmmmﬂ{uﬂ'y"l,@”[mn’ﬁ
1% UsednSanwes nsudnlSounsseu azgnifendt u anudniimanalulad
I8lwen591508 31§91 total wnlewaneaanwdn input nne agg aldiums dadn ¥in
gaanduniens sineglddrdn Multifactor Productivity (MFP)  unuénin TFP w1
input  UN9aeng 1w wadeu unazlidaslasinien’ly wananit Qm&'ﬂwm:ﬁmmaa
w3su ldaelanueld waz mmmllne 1w nsdu Alddesazldymenlidas
U%ﬁ%j’lumad dimensional analysis TFP la3unsiansalin 21 wihsvaInTia (Units
of measurement) ﬁﬁﬂ’n&mmﬂ wievad Usunom luaunisvas Cobb-Douglas

equation Ao

Y: widgets/year (wid / yr)

o L: man-hours/year (manhr / yr)

. K: capital-hours/year (caphr / yr; ?af‘:ﬁ’lmgjﬂiuﬁmamu@m“ﬁﬁ@ﬁu))

. a, B: pure numbers (non-dimensional), uduA IR uTAUNY

. A: (widgets * yearm’B_ 1)/(caphra * manhr’B), Yanuainsanuanga Gada TFP.

Widget #u1889 TaaTUNURUIBUINTIINYBINITHAG LT1 LATBINBNTHAS I8
a a fdl
NRANTWHY
v nql' 1 =) a a ni 1 a
lunsasnafh wibae 29 A azlaifl nms@anumaasegnanite  uszuwifiavas
TFP  dyingiiu &sdsz@ugnianisairsluias(modeling  artifact) sfidagstdunionis
AANLRLY T5AU28INNTIA (measuring levels) Laa319 sanstdulaf lddniag vasoutput

. & { < O ' { a '
uaz input Juanunui uag swazdiiduauniives

511 A5n13IANAAAINIBNITUINNT WBUNUNIIHA® (Curis P. McLaughlin,

Sydney Coffey, 1990)

McLaughlin and Coffey 1ana1atii1 Imsianfan waainsusnsnle lamaths
InaeaTmsaions uani1 uaazisn1IaInilIALALLATARaINUANGIINY FINNS
WaTon lumaian3tnriann azdasianTan 3 dszi@udAanalunh e customization,

. . o Y & . ad [ ad
complexity and degree of aggregation Az oA aﬁmm@ﬂmm‘ﬂq@ e

RUInNaIMWda lagals

. = | A aa o A a v v ! aad o
2819b3NeN a8ndy AT ITaluNTHANRUAALY IWEINN g FEnlElunnsia
NARAIWIKITI9% 15U BATNEIUVBY inputioutput , time study, time standards methods

lagiannz work sampling  Anslganagnsddszantanluesdmsniasie  sansiu


https://en.wikipedia.org/wiki/Widget_(economics)
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anazld synthetic time standards  (W1@331WININFILAZA) TunswamIREan w4

WINIBUWLATAILY

1.357"7 output /input ratios

Aa

15m3% IEnkLes g NIl NMINAAAARWNNTIN WALLINNT  Banawnanth anazlasunis

q

o o v

81989 nwld Adad1ANiNga8 “Factor  productivity (NAAATNITATH)” @I

wwaldudrulngilunmauinis dnazgises nianwaainssiw lugiueiidu danaiuand

U

a A

. . = a ' a < £ @ o A
(single ratio)  FedzunAzrniuimy wwtunsldussnwdunanduduauydziun
Unaany
o ' . & v & o A o
2AT&I% outputinput it RINTALT LN TUTEAU TN LAY WD FINILTIUITAL
un azlslumsdssduuloviamaassgia (ow mssnidnngsedoy uazldvas g lu
WIE9IUDBI3F L% FEnuadanssn  agelanay Sgwineiny andIwkEa
= A 'Y A x> \ A o o A A £ \ A
MW e dnazlinsldansnsiui dwsuiRoswits input uaz Wity output Tuzsaamite

o e o

% A [ ' . g o '
Tudnenunits 8a3dw output/input it gaunazii lullu szauuen (lasww)  lasawne

D

o

287989 9ATEINVAY NIIIAAUYIIIL  29vi lwinaz laTuni1ianTaiin tlulwiAannay

' ]
a v 3

A0L19LTU AAITIFINVAY mﬂﬂnﬂwqmmwmmu Ao AAIIRIUNITTILLRADNLT W
& o A o ' a v ~ A a P
asgn  sanazddnaindn (1) § wwalidud aflinasgiuamnwndsziidssuay (2) &
NANTENUNINAIBAY NMUBIYRIaLe twTzide asaniinlld  U19a39 oaEIw
v X o A \ a a \ a o e 1 @ &
anaiedudioszuufianuu  uwnsisuiisugeanedenn nsusdawi dedilany
1 A a 6 a ni U a v a d' &/
Aaw F9Nnaz T lwaIanINTUSNIT ‘Y]‘WEﬂEl’miﬁ’ldLﬁi@Jl%LLﬁdd’]uNa@IS’m’]ﬁl’]El‘ﬂé;((i“lm F
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5.12 Work measurement Methods
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2) Service Assessment Matrix (SAM)
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5) Deterministic Models
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5.15N13IANAANINYDI WINIW BIANT WAL Soft ware ( Emily Esposito,

2018)
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Machine uptime: Q32882 UBILIRNNINUVDILARZN
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Labor standard versus Ibs/hr : WaI%1 multivariate production standards®d qlag
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Production run factor: 13a1ln13URuTha R L1 a1t
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Factor
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