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ABSTRACT
Although labor prOdU~li\ily Or capital producLivity are popular 111eaSUl'eSfur ilny
production sy:<km, it portrays only" parlial picture 0 r iIs performance, Comparison of
performances of producLioll ~ystcm<; is a nlUst for bl.lh<,cqucnt improvement effort.
l-Ilmevcr, perfllrmancC measurement, ~,>pcciall},In complex production environment.
has remained a much sought about topic among re,e<lr~her<;over the de~ade.\_ Several
indices hm'e been proposed under \aricd Ci[~llmstances, but none gained unanimous
acceptability. Several modds have ~lso han propo,ed under different condition, and
e~vir()nmcnt, Data Envelopment Analysis (DEA) is a non parametric analyti~;ll
model. which Cilll meawrr the perJemnances of production, as wdl as service
,ystem" taking into account multiple variables Researches re\eul that DEA 1l;,s bcen
applied by researchers in different type~ of production systems, As reports reveal,
although ratio analysis ofplOductivity has been applied to anal}ze producti\'it} and its
\\(eak linkages in textile industry of Bungladesh, the DEA, a much betler anal}tical
ICchnique, has not been applied to anal}~e thc performance~ of any production
system.

The appard factorie~ in Bangladesh suffer from poor prodLlctivity due to several
factors. or variables. On many occasions. these variables are not only complex in
natme by itself, but intcracting too, ther~by multiplying the complcxit}, further, fhese
factors or \'ariablcs have uever been analyzed econometrically, As a result. accurate
performance. in terrn.1 of producti\'ity. could ne,'er be known, This imp~des
sub,e'luent improvement drive. This research aimed at analyzing th" performances,
finding out the weak variable linkages and identifying the efficient frontier of apparel
industry of Bangladesh.

Utilization of input quantity and d"ticiency of the production system to maximize
output need serious consideration. Nevcrtheles>, thi, has not gained due attention
from the rebeurchers, In thi, research, the input and output oriented models for both
COn.ltantretul'lls to scale a<,well as variable retmns to scak have been a~alyzed to find
the relative scores of the productive efficiency of several apparel factories. From the
scores of efficiency measurement, the most cfficient production periods (months)
have bcen obtained. The rest of tile inefficient pcriods have the scope to elevate their
bcores eithcr by decreasing their input or by increasing their output, in order to
bceome productive periods. Thc next step of analysis has been.performed by applying
the sluck based model. In this model, both the input and OlllPLltquantitie, have been
dealt with simultaneousl}, i,e. to decrease the input and at the same time to increase
the output, This type of analysis is expected to providc results better in the sense that
unlike the prcvious model, both the input and output treatments have been pO'isiblc
simultaneously, The sensitivity analysis indicates the efficiency zones between which
the firms can be operated without losing their productive efficiency values. In other
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ward" the ma:dmum possible conlraetian or e:>.pansioll of the input or aUlpllt
quantities nwy h~~ollle pos~ihle within thi.\ safe range. Scnle efficiency is an
import,lllt parameter to Judge from it> value when under unity, there exists a ,cope lo
ill~r"nse quantity of production. Malmquist Prodl\ctivity lndex with gr~atcr value of
lIllity sh,m's that there i~ grov,1h in productivity comp"red [0 it, earlier period. In this
r",search. filleen parameters havc been considered in order to detcrmine their
influences upon the outPllt of the workers as a whole. Five among them have bccn
round to be inl1llcncing the outpllt produced, which arc: Gcnder. Age Group, Work
Experien~es, Satisfaction~ and Qualifi~aliorls ofthe workers.
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CHAPTER I

INTRODUCTION

1.1 PRODUCTIVITY AS A METRIC FOR THE APPAREL

INDUSTRY

-Ihe Apparel industry off latc has becomc the nllmb~r onc cxpon Clllltributor to the

economy of 13angladesh and at the ,ame time opened a nelv avenue for the

employment gcneration for the idle people specially the neglected womcn of the rural

area, Although agriculture scctor is the backbone of Bangladesh economy, \vith lhe

increa,e in price of seeds, pesticides and fertilizer. rural working people are finding it

hard to generate enough income for their rural li\'elihood. With this situation

pre\'ailing one miracle scenario h~s emerged: finding of cheaper cost of e\ltting and

sewing activitie, in this part (lfthe world b) the western huyers, rapidly setting up of

garments indmtries has taken place by the local £ntreprene"rs with the collaboration

of foreign partners. This created huge demand of labor forces and triggered migra(j"n

of lhe rural poor to the urban areas resulting in establi,hment of this type of industrie>,

Census of Manufaeluring Ind\lstries (eMI). Bangladesh data shows thaI female

employment as percentage of total employment in all indus!ri~, covered b}' lhe eMl

increased from 3,04% in 1985-86 to 15.29% in 1991-'92. As is well kno\vn. this

increase is due to the growth of the readymade garments (RMG) and apparels

industry, which according to the eMI data accounted for approximately 68% of total

female employment in those industri~s covered by the CMI in 1985-'86, rising to over

69% by 1991-'92 According to BGMEA (Ilangladesh Garments Manufacturcrs and

Exporters Association) statistics, the IUvlG induslr}' employed 1.5 million workcrs in

1997-98, 90 percent of whom \\iere women. Inccntives provided by the government

such as "back-Io-back" letter" of credit extended by commercial hanks, and bonded

warehouse facilities w~re key factors in promoting the fast gro\\1h of this industry.

Under the back to back letters of credit, th~ exporters are able to import fabrics and

accessories against export orders, easing the working capital needs of entr~preneur~_

Under the bondcd warehouse arrangemcnt, the entrepreneurs can have lhe access of

importing at 7ero-tariff. Gradually lhe traditional export items. jute, teu, leather,

-I-



frozen fish. £tc, has fallen behind to keep pace witil tile appard. Another illlportant

~dvantage is the tlu<)ta frce sy'stem Hanglmlesh had fi'(cd target markct in the USA

and Eli upto 2005, Althollgh in a few year., of time a number or apparel industry has

created. but not all arc produ~ing good qunlity products. The main r~aSOIlbehind this

is (he low produdl\'it) of the unskilled and semi. skilkd \\orkcrs, \vho starts their

job~ without any formal training or knowledge beforehand, With the abolishment of

the free quota system Bi111gl~de"hhas now to compete with othcr Cl"mtrics having the

same adv~ntag£s ofthc cheap I~bor.

A, reported in the Busine,s Scetor Round Table discussion on Prodnct Profile:

Textiles & Gurments in Third United Nations Conference On The Least Dcveloped

Countrics on 16 May 2001 in Brussels, "So far as more differentiated product, arc

concerned, Hatlgladcsh has shO\Nnthat it is po,sible to move successfully up thc value

chain by e:>.pOrlingfinished products. In 1999. it wa, by far the largest slllgie LDC

e~portcr of other jini,hed, woven fabn~s with 85% colton or more, weighing up to

200 g1m', having provided 58% of the total 3 LDC cxport, between 1995 and 1999."

The report adds that in order to rcmove some of the critical constraints to export

dcvelopment of textile.1 from LDes, efforts should be focLlsed on: inrreasing

produ('[ivity in Ihe jiarmenl induslry.

Thus here comes thc need for considering thc productivity enhanccment of the

ahundant labor force of the country. With the increase in the productivity per unit cost

of the product is reduced which Icads the company to remain competitive in both the

insidc and outside markets of the country. The unprodLlctive workers are burdensome

to the company and in the long run destroy the organization. Productivity pro\'ides

inronnation about the performance, qLlalityof individuals, work gro"p" and processes.

It presents current operational results and compari,ons to past history. According to

Janel S, Cuenea[24] productivity can be dcfincd as the combination of efficiency and

effectiveness ofa production proces, that aims to maximize output ",hile minimizing

the use of inputl. Furthermore, at the macro-level, it is the overall me~sure of how

\vell a country utilizes its resources to produce goods und services. In both cases,

improving productivity involves changing how things are dOlle by imesting in ncw

machinery and technology, and by a,Jvancillg the knowledgc of the labor Jorce

through education and training,.
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1.2 DEA AS A PRODUCTIVITY TOOL

Allhough prodllcti\'llY il an age old concept in manufacturing industries and partial

productivity measure, ,uch as labor, capital etc. are found lO be very popular

measures bullho,e arc not able to handle multipl~ inpLlt and outputs simultaneously.

These drawbacks have led us to choose the Data Enl'dopment Analysis as a tool to

evaluate the relative perl0nnancc of the apparel industries of Bangladcsh, Although

[)EA is a useful productivity assessing tool. widely used for non-profit organizations,

an attempt has b~en madc in th~ study of productIOn performance of apparel

indu,>trics mainly to lake into accounl a, much as possible the inpnts and outputs of

the firm. According to Coop~rs etc!, [23] DEA was accorded this name becaLlS[~of

the way it 'envelop~' ob~crvations in order to identify a 'frontier' that is used to

evaluate observations representing the pcrformances of all of the entities that are to be

evaluated. The DEA method \vas fiLlt introduced by Chames et eL[15]' Their paper

re-presented and operational zed the work of Farrdl using linear programming

techniques. Compared to the othel' productivily measures DEA is a strong: analytical

tool for mLllli-input or multi-output easc. In most of the ~ases lahor productivity has

been u,ed a~ thc single measure [or determining the performance of lahor intensive

industry. Although labor productivity is a very popular measure. it had certain

drawbacb. It ignores all input> execpt labor. The overall productivity cannot be

evaluated ~imply based on a single parameter; ruther it should be judged based on all

the output produced and all the input it ha~ consumed in producing those outputs,

10 eliminate the above mentioned drawbacks associated with traditional efficiency

measures, Farrell [33] introduced a new measure of efficiency, which he lermed a.1

technical efficiency whi~h employs the concept of the efficient productIOn junction.

An efJicientfrontier is a de>cription of the eorre~pondence between input and Olltput

bundles when a firm is operating at the "best'" productivity level. Ihis method of

measuring technical efficiency of a firm consisls in comparing it with a hypothetically

perfecl emcienl finn represented by the'production function. The efficient production

function is some postulated standard of perfect efficiency and is defined as the outpUl

that a perfectly efJicient finn could obtain from any given combination of inputs. The

first step in calculating the technical efficienC} by this method is determining the
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efficient production function, Ther~ me two way" in which th~ productlOn function

(:an be del~rrnincd. It coull! either be a theoreticill functi0n or an empirical one,

EXilmple could be the wdl know 11 cmpirical Cohh- Douglas prodLlction function,

(l.l)

"here Y is the maximum output l\lr given quantitie\ of two inputs, capital (K), labor

(L),a and b are th~ produclivities of capital and labor respectively, V.wally, the abow

functioll is ,implified by taki~g log on both thc sidcs and addi~g an error t~rm on the

right side of the eqLlation, The prohlem with u,ing a thcoretical function is that It is

very difficult to deli~~ a realistic theorctical function [or a complex process. The

empirical cfficient production fUllction, on the other ha~d, is estimated from

observations of inputs and OL1tput\of a number of firms. Therefor~, it i~ far easier to

compare performances \vith the best actually achiev~d (the empirical prodllction

function) than to compare w'llh lome unattainable ideal (tbe theoretical function).

DEA production frontkr is not determined by somc specific equation like that of

production function, in;tead it is generated lTom the actual data for the evaluated

fim]>, DEA assumes that all lirms face the same unspecified tcchnology which

defines their production possibilities set, The objective of DEA is to dctcrmine which

firms operate on their efficiency frontier and "hieh firms do not. That i, DEA

panitions the inputs and output> of all firms into efficient and inefficient

combinations. The effici~nt input-output combination, yield an implicit production

frontier against which each firm's input -output combination is evaluated, If the firm's

input-output combination lies inside the DEA frontier, the firm is considered

inefficient. An advantage of DEA is that it use, act\lal sample data to derive the

efficiency frontier against which cach firm in the sampk can be evaluatcd. As a result

no explicit functional form for the production function has to be specified in advance.

Instead, the production ii'ontier is generated by a mathematical programming

algorithm which also calculates the optimum DF.A efficiency score for each lirm.

Certain inherent advantage> lead to the use of DEA in analyzing the productivity of

firms. It is non-statistical, which means that estimates are not based on any statistical

distribution (e.g., the normal) und noise is not explicitly considered in the estimation.
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It i, ~o~-paramet[lc, which l'efers to the rnct thnt it io ~n! n~cded \() a',llme a

particular runctionnl relationship bct\\'~en the inputs and oulputs. Data pomt, are

envcloped "ilh linear segmenls, amltcchnical effiCIency ,cores are calculated relathe

to the frontier technology,

1.3 BANGLADESH ECONOMY

from a mainly lendal agrarian base. the economy of13angbdesh has undergone rapid

strueturaltransformatinn towards man\lfacturing and services, The c()~tributiol\ of the

agri~lllture sector to GDP has dwindled from 50 p~rccnt in 1972-73 to around 20

percent in 1999-2000, The agri~\lltural scctOl' is, however, stilltbe main emplo}'melll

provider. The stuple crop is rice, with paddy field, accounting for nenrly 70% of all

agricuhmul land. Indllstrial production gro\\th has a\"erageJ more than 6% over the

last 5 )'ear" The export sector has been the engine of industrial growth, with ready-

made garments leading the way, having grown at ao average of 30% over the last 5

)'ears. Primary products (teu. j ute. leather, etc.) constitute le>s thun 10 perc~nt of tile

country's exports; the bulk of expllrts are manllfactured/proeessed products, reud)'-

made galments and knit wears in particular (Bangladesh Bunk'~ websitc),

1.4 HISTORY OF GARMENTS INDUSTRY OF BANGLADESH

The garment industry has been classifi~d in the 1nternational Standard Clas;ification

of the United Nations as "those establishments \vhich cut and/or stitch/make up

garments out of woven or knitted fabrics without being involved in the mannfacture

of fabrics", The term "garment" is used interchangeably with "apparel: and

"clothing."' The "garment". includes readymade woven gamlent as well as knitwear

and hosiCl'Y,The products of the garment indust[), are very di\'erse, ranging from

industrial work-wear or basic shirt which provides protection to the wearer's body to

lux\lry fashion products which arc wom more to create an image or to demonstrate the

wearer's status than for their capacity to protect the wear~r from the hazards or

climate [107]. Since the late 1970s, the Ready Made Garments (RJ\..1G)indust'),

started developing in Bangladesh primarily as an export-oriented indust[)" although

the domestic market for RIv1G hus been incrcasing fast due to increase in pCl'sonal



di'posablc income and change in life style. The scetor rapidly attained high

importance in tcrms of cmployment, for~ign exchang~ earnings and its conlribution 10

GDP. In 1999. the indu,try employed dir~ctly more than 1.4 million \\'orkers. about

80% of ",hom werc female. With the ~rO\\1il of RMG md(lSlry, linkage industries

supplying fabric>. yam,>,aeeelsories. packaging materials, etc. have iils() expanded.

The RMG industry is highly dependent on imported ra", matenal~ and aceessol'ies

because Banglade~h docs not have enough capacity to produce export quality fabrics

and accessories. About 90% of wovcn fabrics and 60% of knit fabric, arc imported to

make garments for export. The mdustry is based plimarily on sub-contracting, under

which Bangladeshi cntrepl'cneurs work as sub-contractors of foreign buyers It has

gro"n by re.\ponding to ordcrs placed by foreign buyers on C-M (Cut and Make)

basi,.

Thc apparel industry of Bangladesh has ,tarted growing from a mall tailoring shop

sometime around 1960. With tile foreign buyers Ending this place as a eheap source

of cutting and making: the fabrics to its dcsired fashions. gradually fe'~ entl'epreneur,

bcgin to cnter into this business. In the }~ar 19n there wcrc vcry fcw numbers of

garmcnt manufacturing units, which generated ~~port earnings of hardly one million

dollar. Some of these units w~re very small and pl'Oduced garmcnts for both dom~stic

and export markets, Four such small anti old units wer~ Reaz Garmcnts, Paris

Garnlent" Jewel Garments and Haishakhi Garmcnts; Reaz Garments being the

pioneer. It served only dome<,tie markets for about IS ycars. In 1973 it changed its

name 10Mis Rea/. Garments Ltd. and expandcd its opemtion~ into export markct by

selling 10,000 pieces of men's shirts worth French rranc 13 million to a Paris-bascd

firm in 1978. It \'1<18the iir,t direct exporter of garmen18 from Bangladesh. Desh

Garments Uti, the first non-equity joint-\'enture in the garment indust!'}, ",as

cstablished in 1979. Dcsh had tcehnical and marketing collaboration with Daewoo

COl'poration of South Korea. It wa,1 also thc first hundred percent export-oricntcd

company. Increasingly, the foreign buyers found Bangladesh an increa~ing:ly

attractive sourcing place. To take advantage of tlus cheap source, foreign buyers

extended, in many cases, supplicl's' credit under spccial arrangements.
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Till tile end of 191\2, tllere \\,ere only 47 gJrm~nt manufacturing llllltS. Tile

breakthrough occUlTed in 191\4-85, wh~~ the ~lLmhcr of garmelll factorie, stood at

587. The numher of RMG lilCtorie.1 silot up to alOund 2,900 in 1999. In 1983-84,

RMG exports earned only $0.9 billion, whIch wa, 3,1\9% of the total export earnings

ofRangladesil, In 1998-99, the export earnings of the RMG sector were $5,51 billion.

which wa" 75.67% of the total export eal'l1ings of the Cll,mtry. The net foreign

exchange earning<; w~r~, ho\\'e\'er. only about 30% of the figllre.1 quoted abo\'e

because appl'Oximutely 70% of foreign exchunges earned wel'e spenl in imp0l1ing the

ru" materials and acceoson~s 10pl'Oduce the garmellls ~xported,

There are seyerul weaknesses of the RMG indllstry of Hangladesh. Labor productivity

in the R,\1G sector of Bangladesh is lower th~n mall}' of its competitors, Banghldeshi

workers are not as efficient as those of Hong Kong, South Koml and some othcr

COllntriesand in mo"t factories. (~clmologies u"ed arc not the latest.

In addition to the fact that lhe industry is vulnerable bec~use it is highly dcpcndent on

the importcd ra\\i materials, the infrastruclure in the country is deplorably

umlerdeyeloped. Prohlems in power supply. transponatlOn and communication create

serious bottlenecb. Inudequate port facilitics rcsult in frequent port congestion, whieh

delays shipment. All these mcrease the lead-time to process an order. i.e. the (lm~

from the date of receiving an order to the date of shIpment

for RMG sector, the backward linkages are weaving [he fabric, spinning the yarn, and

dyeing, printing and finishing operations. These operatlOn, can be comhined into one

composit~ mill or they can be established as separate units, There are 1,126 weaving

and spitUling mills including 142 ring spilliling mills and 15 open-end spinning units

in Bangladesh. '1hese units produce mostly for the domesti~ markets. Of the total

production of fabric, only 25% are supplied by the modern mills, the rcst of the

domestically produced fabrics are supplied by the specialized units, power looms and

handloom sub-sectors. The RMG industry uses u smull quantity of fabric woven in the

handloom sub-,,~ctor. The domestic capacity meets Jess than 8% of the demand for

woven fabrics of the e~porl-onented RMG indu,try. Tbe dom~<;ti~ production can

meet about 40% of the demand for export quality knit lilbrks.
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1.4.1 Product \\ isc structu 1"al ch:mgc

in the following t"hle tile year wise expurl pcrfonn,mees or differcnt products arc

shown. It can be easily seen that woven garment, and kml\\'ear h,ne gradually (aken

place or jute iwms \vhich hal'e htcrJ dominating for long.

Table 1.1: Export data for four financial )"cars.

Year wise export(Percentage)

Items 1972-73 1982-83 2004-15 2006-07

Jute

Goods 51.4 46.5 3.6 2.63

Raw

Jutes 8.5 163 1.1 1.21

Leather 4.6 10.1 I 2.6 2.18

Too 2,9 6.1 I 0.2 0.06

frozen

Foods 0.9 8.5 4.9 4.23

Chemical

Products 0.9 1.1 2.3 1.77

Woven

Garments 0 1.1 41.6 38.25

Knitwear 0 0 32.6 37.39

Others 0.9 10.4 11.3 12.28

Totals 100 100 100 100

Source: \.\fww.epb.gov.bd
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Fi!:urc 1.1 RMG F.mplo}'mcnland faclorif~ J:rowth.

1.5 OBJECTIVES OFTH~; STUDY

The broad goal or this study is 10c\1l1uatc the ~lati\'c productive efficiencies of the

different \'nll,1clidding production uniL~of the largest export earning apparel sector of

Bangladesh nod 10 dClcrmim the possible contributing foctors which phi)' imponllnl

roles in augmenting the productivity of the nppard indusll)".

In order 10 fullillthc above broad gools the following specific ohjcdivc:s have bc'tn

identified:

> To assess lind idcmif)' the most efficient period by CDrY}'jllgoul window analysis

for Il cenain period of time.
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l' To lind out the be<;lperforming unit in a p"rlicular region of Jildorie, taken a, the

DecimlO Making: UniL and in order to rdel' it fo, i;Jeneilmarking,

l' Te) rdate variou, factors (;untributing Lotbe increase in prodllctivity, e.g. factory

conditions. socio-economic parameters o~. thc wOl'kcrs, produd designs.

environmental condition" firms financial performances etc.

l' To cJlclllate the retum5to scale.

l' 10 calculate the grovv1h/Jecay of productivc cfficienc}' for diffcrent period, of

time.

y To studv the application of eoncepL of \vcight restriction and value judgment

including fuzzy theory in the DEA tcchnique.

1.6 METHODOLOGY' AND DATA COLLECTION

The various step, involved in the experimental design/methodology can be

Sllmmarized as follows:

1, To identify the variuus input, and output> involved in tile production proeess

of the apparel"

2, To apply the tcchnique of the Data Envclopment Analysis in order to carry out

the \\,indow analysis.

3. '10 find the productive efficiency ,core, of thc various production units for

comtant and variable returns to scalc for both input and oulput oriented

model,.

4. To draw the efficient frontier in a 2-D plane. The points tho,e repre,entmg the

eHident units falls in the frontier and the re,t are cnvcloped by the frontier.

5, To apply the slack ba,ed model un various unit, of knitting. sweater and

'VO\'en factory.

6. To calculate the returns to ,calc. ,cale efficiency and stability regions.

7. To identify and anal}'7e thc various factors those who are re,pon,ible for

influencilig the output of the production units after running the SPSS

software.

8, To analyze the pruductive efficiency gro"vth using Malmquisl productivity

Index.
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9, To idenlily and annlyze the conslraillt(.,l that may oecm llllhc form of\\~ight

restriction, and cause, which may be removed utilizing \'al\le judgment ba<;ed

on i\.,suranee Region Analy,i, technique

In Bangl~de,h, here arc a number of organi~ation, responsible for collecting and

maintaining the record, of production and exports of apparc1" Banglade,h l..'xpon

Promotion Bureau, B~ngladesh Bank. Rangladesh I3ureau or Stati,tic" Banglndcsh

Garment, Manufacturer, and Exporlers Association. Bangladesh Knitwear

Manufacturers and Exporters A;sociali,)n etc. publish only aggregale data. and none

o I'them preserve those data systematleally. National ProdL1clivit\' Orgallilation (NPO)

collects only textile datu and are yd 10 start collecting und compiling data

systema!i~ally. NrO usually colleels input and output data and cakulates the indices

of productivity for a limited number of ;:mall industries, S~condary data have been

eolle~ted I'rom these source"

In drawing a sampk from a defined set of industries. the sample should be

representative one, which mean., the sample must yield a valid estimate or in other

w(lrd, it infers as much accurate as possible the pup,llation e,timate. Fur convenience

the data set. both primary and s~C()ndary. at first have been collected utilizing the

cluster sampling techni'{lLe. In order to include the ultimate set of elements the total

numbcr of industries ha\'e been divided into a large b'TO\lpingi.e, cluster" It ha,; been

observed that almost all the ready made garments and knit\\iear industries arc located

primaril} in different part, of the Dhaka city i.e. Savar, Malibagh, Narayanganj,

Green Road, Mohamadpur, Mirpur, Kanchpur ete. These arcas have been taken to be

the duslers. In the later stages giving equal chances of obtaining the primary data and

seeondar} data of individual industries the simple random sampling technique has

bcen used so th~t lhere remains every chances of industries to bc included in the

l'Cpresentative sample. A '1ue.\tionnaire survey has been carried Oll! to find the data

thosc may fit in the form\lla correlating the efficiency criteria. A numhcr of software

i, u,ed to run the model to find and analyze the data, e.g. customized spreadsheet as

DEA and special statistical software ~ueh as SPPS etc.
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1.7 ORGANIZATION OF THE THESIS

Chapler I proviMs the introduction and thc need asscssment 0[' productivity as a

metric for the apparel induslry, Data Envelopment Analysis as a productivity tool,

Economy of Bangladcsh, l'h,lOry of the industry, Objectivcs of the smdy.

Organization of the Thcsis. Melhodology and Collection or data, Sc('pe and

Limitations orthe study. elc.

Chapter lJ provides lhc concepts of produclive efficiency. retul'llS to sealc,

mathematical framework of DEA.

Chapler III provides an overview of the techniques/methodology on various

measmements available in the literalLire on productivity, applicalions of DEA in

diffcrent sectors.

Chapter IV provides lhe technical description of Apparel indu.\try, Developmenl of

lhc model fvr productivity as,elSment, further extcnsions in term, of gro,vth

estimatiDn and seaIc efficiency, Input and output slability region. capacity utilization

in tcrms of optim llm number vI' production lines, svurces of inefficiency, elC.

Chapter V thc analysis i., carried out for estimation of producllve efficicncy i,e.

window analysis for 12 month period and the results and analysis hus been carried out

fur both input and output oriented types of models.

In Chapter VI slack based model analysis for knitting, sweater and wuven factory has

been earricd out in order to maximize the output( s) and/or minimizc the input(s),

In Chapter VII Returns to scale. scale erfieieney, Input and Outp"1 Stability Region

haye been cuIcl11atedand discussed.

In Chapter VIIl the factors which are thought to be affecting the pwduclive efficiency

has been analyzed and discussed in details using the SPSS software.
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In Chapter IX th~ groI\ih ofpwdlLclive efficiency is calculated and elaborated.

In Chapter X the model discussed in ChaptEr V has been extended to inelud~ \\eight

restrictiom and value judgmEnt.

In Chapter XI the Sllmll1ary and Conc1ll-,ion and Recommendations are elaborated,

The Bibll()graphy is shoy,n in Chapter XlI,

Finally, Appendix A contains the qllestiol1JlUlr~and the data set in Appendix B

1.8 SCOPE AND LIMITATIONS

I3asically, the apparel industry consists ofR~udy Made Garments. knitwear, sweater

factories and thus it bus been tried to cover the induolrie, a, much as possible,

Although there exists two separate a,sociutiolls bm it has been observed th~t there are

some o\erlapping of industries in the both the a;so~iu(jons. But due tL)the lack of

published data it is concentrated only 011the BGt\1EA data sets. It would "ery much

interesting analysis if there be systematic publish data on the apparel industries,

Acee<;s 10 the workers without intervention of the management people i.1almolt to

impossible which somewhat is a great hindrance for collecting the required data Aho

the workers arc not that much alert and responsible to c(loperat~ for carrying out an

extensive rcseareh analysis. Secondary data are also not available eIther to the factor}

people or to the statistical agencies. Time and cost is also barrier for such a

eomprehen,ive work like thesis preparation.
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CHAPTER 11

BASIC CONCEPTS AND MATHEMATICAL

FRAMEWORK.

2.1 CONCEPTS OF PRODUCTIVE EFFICiENCY

In evaluating the performance of any production system productivity measurcs an

index number. which is a ratio belweetl the outp\ll(,) produced and the input(s)

consumed, 'I he measuremenl refers to partial productivity, whcn it measures one

output over total i~puts and in casc of mea.luring all the inputs and all the outputs,

it rerers to as total factor productivity. Efficiency, on lhc other hand is a broader

term which measures the productivity relative to ,omc referencc value,

Actually, productive dfici~ncy is a more suitable lerm 'which covers the lotal

coverage and which occurs ""hen the firm i; opcrating at its efficient frontier, It is

the ease \"ih~n highest possible output of one good i., produced, given the

produClion level of the olher good{s). In long-run cquilibnum for perrectly

competitive markets, this occurs when the average cost is at the lo'~e,t point on the

Average Cost Curve. An efficient frontier is a descriplion of thc conespondence

bet"een input und omput bundles when a finn is operating at the besl producti.-it),

leveL In dcaling with the concepts of the prodllctive elliciency for any particular

production system it is to concentrate on the efficient allocations of the inputs and

to nia~imizcd the outputs produced in that par(lcular production system.

Similar thoughl.\ are found in the research papers 01' Dcbrau[27], Farrell[33j,

Koopmans[ 57], , ,ovell [65], etc.

Debrea[27] \\TileS: If we impose on the economic system the constraints defined

by (1) the set of possibilities of each produclion unit and (2) the limitation of

physical resources, we cannot indefinitely increase the m satisfactions. In trying to

do so we would find situations where it is impossible to increase any sati~faction

,~ilhout making at leasl one other onc decrease In anyone or thesc situations all
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the rcsour~es are fully exploited and ,t can be c0llsider~d optimaL When" situation

is non-optimal is it possible to find some meuwre of the loss in\'ohed, indicatlllg

how far it is from bcing optimal? The money vallie or the "dcad loss" a,sllCiated

with a non-optimal sitUJtion can be dcrived rrom p. ~nd the ineflkiency of the

e~onomy i, now de,cribed b) "-certain number 01'dollars representing the value of

the physical resources which could be tlu"Own away \\(itholll prevcnting the

achievemcnt of the prescribed levels oj" satisfaction. We c"ll p de!ined in the

preceding W~),(he coefficient ofresource utili7ation of the cconomic system. To be

precise, it is thc smallest fl'action of the actually available physical rcsour~es that

would pennit the achievement. This numbcr is equal to I if the situation is optimal,

smaller thllll 1 if it is non-optima!. measures the eflkiency of the cconomy and

smmnanzes:

(1) the underemployment of physic"l resources

(2) the te~hnical inel1icicncy of production units and

(3) the inefficicncy ofeCflnomic organization(duc, for example. to monopolies

OT a system of indirect (axes or ruriffs,

Oehreu[27] says that eHicicncy can also be achicvcd if all managers of individual

pbnts or industries l'cspond 10 a price systcm applicable to the "holc economy, in

a manner prescribed hy the following ruks: The m"nagcr of any plant should

producc any output or output combination at minimum cost, and lhe manager of

any plant or industry should arrangc for production at wch a level a~ to equate

price and marginal cost. An ;Iuainable set of commodity 110ws, as well as any loel

of activity le\'eJs giving rise to it, is called efficient if there is no other attainable

~et of commodily f10\VSin which all flows arc at le~st as large as the corresponding

!lows in the original sct, while at least one is actually' larger. Efficiency fol' the

economy as a whole, oncc attained, will be maintained if each proccss manager

behaves according to the following rules: Choose onl)' from those sets of activit)'

levels that conespond to an efficicnt point within your process. If for all such

points the pl'Ofit on the entirc process is negati~e, discontinue all activity. If you

arc in a point of nonnegative profit on the pl'Ocess. aUempt to mise yOUl'profit-at-

lhe"givcn-prices by vm)'ing the composition of the process. If you are in a point of

7Cl'Oprofit and there is no increase in profit possible by variation of activity levels,
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continue all Jcti\'itics at the same le,d If yc)ur attempt to wi,c profit-at-givcn-

pri~es leads to a rise in th" prices of c~rta;n input commodities, determine ,'our

futther action in the ligllt ofth~ new price situatic)n.

Farrell [33J was the fir,t 10 defme specifically tile concept of technical and

allo~a(i\l' efficiency. The origin of the modern discussion of efficiency

measurement dates back to Farell[33] , who identified t\\'Odiffer~nt ways in "vhich

productive agent, could bc inefficient: one, they could nse more input, than

t~chnically required to oblain a giwn Icvel of output, or two, they could use a sub-

optimal input combination given the inpLltpriccs and their marginal product;vitics,

The first type of inerficiency is tcrmed techni~al inefliciency whilc the second one

is known as allocati,e inerficiency.

Koopman<;[57]provided a fonnal definition of technical efficiency: a producer is

technically ertlcient if an increase in any output reqnires a reduClion in at least onc

other output, and if a reduction in any input rcquircs an increase in at kasl one

othcr input or a reduction in at least one outpllt. Hficimcy in general is defined as

the absence of wa,te, An efficient IInit utilizes all of it> available inputs and

produces the malo.imum amount of outplll, givcn prcscnt technological knowledge,

Equivalently, the Pareto-Koopman, notion of cfficiency statcs that a decrease in

any input must require an incr~ase in at least one other input or a reduction in al

least one output. Dcbrcu[27J and FarreJl[33] both introduccd a measure kno..\'n to

be as technical efficiency. This measure is defined as one minu, the maximum

equi-proportionale redllc!ion in all inpll1.<;that still allo,l's continued production or

given outputs, A score of unity means a firm is technically efficient since no equi

proportionate input reduction is feasible, and a score les, than unity indicates the

extent of a firm's teclmical inefficiency.

Lovcll [65J relatcs the efficicncyofthc firm to a comparison hetwccn observed and

optimal values of it, outputs and inputs. If the optimum is defined in terms of

production possibilities, the resulting compari,on measures tedmical efficiency.]f

the optimum is dcfincd in tcrms of bchavioral goal, of the firm (c.g., profit or

revenue ma~ill1ization and cost minimization), then erticiency is economic and is

mea.<uredby compJring a firm's obscrvcd and optimum achievcment of goals (e.g.,
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profit, r~v~nue, a~d co,t) subject 10 th~ "ppropri"te con,ideration of tech~ology

,lOdprice" Thus, tech~ical emci~ncy deplcl~ the ability of a finn to produce 011the

pl'Od\lctiotl fronlier.

It can be seen that thc concept of productivc efficicncy u\ explained by

Debrcu[27].Farrell[33] a~d Koopman[57j are quite similat but \'urie, from tbe idea

develop~d by LovelL

2.2 RETURNS TO SCALE

Alfred Marshall [71] u,ed the concept uf returns tu scalc to define lhe stat~ of the

firm, involved in production. Th~ firm, may be in the advantageous position in

r~spect of ,izes indicaling "economies of scale" or may be w di,advantageous

position in respect to the ,i~,es indicating "diseconomi~s of scale"- Although any

particular production function can cxhibil increasing, constant or diminishing

returns throughout. il used to be a common proposition thut a single production

function »'ould have dirferetll returns to scale at ditTerent le",e1s of output.

Specifically. it "as natural to assume that whcn a firm is producing at a yery sm~ll

scale, it often faces increa,ing returns becau~e by increasing it, size, it can makc

more efficient use of resources by dil'ision of labor and specialization of skills.

However, if a firm is already producing at a very large scale, it \vill face decreasing

returns bccause it is already quite unwieldy for the entrepreneur tu managc

properly, thus any increase in size will probably lllJke his job even more

complicated. In economics this is denoted by the term elasticity means that the

measurement concept i,e. the relative changes of output with respect to the relative

changes of output.

The economics concept of returns to scale i, extremely important in analyzing the

prodl.lctivity based on DEA. Initially Charncs et el[I5] mtroduced the analysis

assuming constant return to scale, Banker and Thrall [8jhavc shown that the

constant returns to scale model can also be extended to determine whether returns

10 scale is increasing or decreasing, .]hey postulaled that if the optimal solutions
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,. .
are ), I ' )..2 ------. t.n tile then relllrll~ to ,calc at any poim on the efficient frontier

can be detemlincd from the following conditions:

(i) =1 in any Glternal~ oplimLlrl\ til~n constant returns 1O~calc

(ii)

prevails.

If ""I~ ;t >1 in any alt~rnate optimum then decreasing rdurns towj=l .I

scale prewjl~_

(iii) in any alternat~ optimum then mcrea.ling returns to

scalc prevails.

Also to investigate the sources of efficiency it is necessary to investigate whether

the unit inefficiency i5 caused by its inefficient operation or it is operating under

internal or external dis"dvanlag~Oll> en, ironment. Since the constant returns (00

scale is capable of dealing vvith the ["dial expa~sion and reduction of all observed

units under considerations its productive efficiency scored can be termed as global

efficiency. On the other hand the variable returns to scale as p05lLilated by Banker

et eJ. [6] as Bee model assumes th~t convex combinatiuns oj" lh~ observed units

form the production possibility set and the Bee efficien~y ~core is called local

pure efficiency. Based on the ideas developed so far inference can be dra\~n about

the scale efficiency of any production unit. It is therefore easy to calculate the

highest achievable scale of thc production unit when the t\\'O efticien9 meawre,

are of fullY efficient i e. 100% efJleient and this is the most productive scale size.

On the other hand if a unit under CQn"ideralion has full efficiency assuming

variable returns to scale but not when assuming COll:.tantreturn, tll scale then it is

operating locally efficient but not globally efficient due to the scale size of the unit.

Thus it is reasonable to characterize the scale efficiency by the ratio on the two

scores,
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2.3 MATHEMATICAL FRAM1,:WORK OF DEA.

In carrying Ollt lhe producti\'e eICLcicnc}' analysis for a cerLain nnmb~r of

produ~ti,Jn units applying the techniques ofDiltu Envelopment Analysis one linear

program need.1 to be genen\ted 3nd soh'ed w calculate the efli~i~~cy score ofeu~h

production unit. The prodncLlon units are identified for which no othcr unit or

linear ~ombination of Jirm\ can produ~e 3Smu~h or more of evcry output (gi\"cn ,m
inpnt level for 311inpul» or usc as liLtle or less of every i~PLlt (given an outpuL

level for all uLllplllS). The DEA efficicnt hontier is composed of these firms and

the picccwise linear segmcnts \\,hICh connecl the set of input/outpl.l( combination<;

of these firms, yielding a convcx production possibilitie, set. Thc cffici~nt frontier

is tlll.ls ~un hc dcfined by certain convex ~ombinations of these finns; sin~e the,c

composite firm, do not have un ohservable in<;tance, they cl'eate composite unit

\\llh composite level, of input and output. The,~ eompo<;ite units are called

maximum virtual produ~ers" Thc Jine~r program decides the weighting of the

efficient units to construct a virtual nnit i(lr the pm'poses of delermining the

effieicncy of the unit under evalualiun If the virlLlul unit is bctter than the unit

being evalnated by either making more output »,ith the sume 01' less input or

making the same output wilh less input- then thc evalualed unit is inetlicient.

Let us take the case where a virtual producer ~an make the same output with less

inPLlIthan a certain production unit. It is then said a proportional conLruction of all

resources, also called an equa proportion~l conlraction. can occur. The si7e of this

contraction (call this b) relative to the dislance function measured to thc point

representing that unit (say a), can be used to calculatc the efficienc} of that

particLllar nnit by the equation 1 - b/ a, A fundamental assumption behind DEA

and the use of virtual producer; is a composite prodLlcer cun be constructed by

operating parts of a new producer unit in the manner of observed producers. If this

is not true, then the virtual unit does nol correspond to unit that could exist. Also a

necessary assumplion is that, if a given unit, is capable of producing OLllputlevel y

with input level x, (hen other producers in the data set should also be able to do Ihe

same if they were to operate efficiently. [fthis assumption does ~ot hold, thenLhe

scI of producer, under evaluation may not truly be peers. It is very simple to



e\aluate the producLive effiClenc)' of a certain scparate und indi\'ldunl production

unit by the ratio of their Ollt divided by tile inp"\. Gut in easc ",hen therc arc

multiple units of inputs ,md output, tile proces, of e\'illlIation become,; more and

more complex.

To cnleulak the combined productivity of all the prodllction umt, is to takc the

weighted averages of all the output> and inputs, which i, nothing bul 10construct a

virtual unit utilizi~g and prod"cing equivalent quantity of input and output

In case of three firms producing four inpuls and three outputs the fol1o\\,ing table

has been formulated:

Table 2.1: Data set for 3 Inputs and 3 Outputs

Firm Input(l) luput(2) luput(3) Input(4) Output(l) Output(2) Olltput(3)

I ,<, ", Xli '4, }"II Y21 )'JI

2 'I, X21 Xl) Xl) )'12 Yn P2

J 'II Xl) X)J ", YIJ Y21 YlJ

If it is assumed that the weights a are upplied to the outputs and b "veight, ure

applied to the inputs y, then the following equation ean be prodnced to e,-aluate the

Combined Eflicicncy

: --- ------------ ----- ----_ -------- ---_ --------------" . (2,1)

But it is obvious that, it is dillicult 10jll.ltify the common weighLs to bc applied,

whereas the flnllS may take inputs and Olllputs differently.

The equation (2.1) may be writtcn as

_ . :Ls_1JJrYrj
Combll\ed Efficlenev" - ,'--. '

, 'em
L,i_lvrxij
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",here x and y arc inpul.> and outPUlS, respeclively, r = I to s inputs, i= 1 to m

outpuls und 1-1and v are the comillon wcighls il%igtlCd to outputs and input;,

re<;pcctivd} _

Chames, Cooper and Rhodes r131 prup,'lcd the following ratio form to allow for

difference in >wighu across all production units, which eslablishes the fcmndation

of data envelopmenl analysis.

Maximile

subjcct to

L~=1PrYrO
:LJ=JVP'10

'<'"_""_1'=1Pr Yrj

'<'"'L..i=l vixiO

______. .-::..1,J = I,--------------,n

(2.3)

flr ?:: £, r= I ,--~----,s; vi= > £. i= l,----------,m ; ~> 0

In the model, thel'e are j=l, n obser'l'ed units whIch employ i =1, --"-,m inputs to

produee r =1, __, s outpuls. One unit is singled out each time, designating by suffix

o as, to be e,aluated again81lhc observed performanc~ of all units. The objccti'l'e

of model is to lind the mo,t favorable weights, It, nnd Vi . fOt' the units under

consideration to maximi:cc thc relative efficicncy. The constraints are that the same

weights will make ratio for every OMU be less than or equal to unity. One problem

,vith the ratio formulation is that there are an infinite number of sl)lmions: If I-lrand

Vj are solutions to, so are ClI-lI and (:IV,,['(:1>0, ]( is worth observing on~ important

feature of model. In maximizing the objective function it is the relative magnitude

of the numerator and the denominator that really matters nnd not their individual

values, It is thus equivalent to selling the denominator to a eonstunl, say I, and

maximizing the numerator.

This transformation will not only lead to tile uniqueness of solution but also

convert the tractional fomlulution of model inlo a lineal' progr<lmming problem in

model.
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,
M,,~imizc LJlI'YrO

p,l

Subject to:

m
LVi~iO= I
;=1

(2.4)

,
Lf.irYrO
,.=1

m
- LV;XiO SO,j= 1, --------.---. n

1=1

. . 1-fITS - c, r= 1, ------------- ••--,S; - VI ~E, 1= ,--------------,m

\Vhere,3 > 0 is a non-Archimedcan element <ldined to be smaller than any positive

real number. (An algebraic structure in \vhich any two non-zero dements arc

comparable, in the semc that neithn of them is illfinite~lmal with respect to the

other, is called Archimedean. A stmclure ""hich hus a pair of nOll-zero elements,

one of which is mfinitcsimal with [<,specl to the other. is calkd non-Archimedean).

The above modd facilitates straightforward interpretation. The objective is mm 10

maximize the weighted output per unit \\icighted input under various conditiolls,

the mo~l entical one of whieh is that the virtual output does not exceed the virlual

input for an} unit.

Since model is u linear programming, it can be converted the ma"imiza(wn

problem into a minimization problem, e.g. a dual problem, by assigning a dual

variable to eaeh constrain! in the primal.

Specifically, dual val'iabb + - 8, J. j .sr , si arc assigned as follows.
,
I~'rYr()
roo]

(2.5)



SubJed to:

Dual Variable

mL:"jXiO '" 1
1=0

m-LVjXiO SO, j= 1, ,11

i=l

-I"'::: - f., r= 1. ------"----------"

- vi :::"0. 1=1, ,m S - I

where, + r ,md s _ I are ,lack variable, used (0 COI1Veltthe inequalities.

A dual minimizatIOn problcm is lh"s dcrived U.ImodeL ]( is clear thal model has

m+s constraints 'whrle model has n+m+s+ 1 constraint. Since n is usually

considerably larger than m+s, thc dual DEA significantly reduccs the

computational burden and is easier to solve than thc primal.
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CHAPTER III

LITERATURE REViEW

The technique of applying [)~ta Envelopment Analysis (VEA) h,,<;been applied in

various occa~jons to e\'ulualc the relalive prodncti\.c performance of profit and mm-

profit production and sen'ic~ units. The non-parametric method h,,<; also been used

along with other parametric methods. In thi~ chapter (he literature review part is

discus,ed and presemed briefly based 011applications to the following broad sectors:

3.1 TECHNIQUES FOR PRODUCTIVITY MEASUREMENT

The method~ available for e.llimating productivity and productivity gw\\1h are

discussed below as Discussed by Mawson et eL[86].

3.1.1 Growth accounting framework

In the year 1928 Charles W. Cobb & P.H. Douglas in the article 'A theory of

Production' pioneered the relationship hetween output and input quantities through a

production function approach i,e, OutPllt Q' =A,L'Kb wherc L refer> to Labor, K

refers to capital, a & b are the productive capacities uf labor and capirnL

I~ tbe latcr stages Professor Jan Tinbergcn u,ed the Cobb-Douglas production

function and incorporated an exponential term cnt and has a\sertcd that production

function can obtain higher volumcs output with the ,arne volume of labor and capital,

the variable t is the time trend and n is the represents the rate of technological change.

In the }ear 1957 Robelt Martin Solow in this artiele 'Tcchnical change and Aggregate

Production Function' ha, shown that for a competitive market and the production

showing con,tant returns to scale the physical factor, of production is limited to

capital and labor i.e. the output can bc entirely dis!ribmcd between labor and capitaL

In the productiun function Solow has shown that the constant term which connects the
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input and oulput quuntities is endogenuus in mlture i.e, unaffectcd b} thc 'way th~
',~-., ,-.,- .

luhOl' and capital arc employed, Tim term IS Imk~d to technologl~al progress. may

I'ai,~ from improvem~nt in th~ production process and managtment tcchnH.jl1eS----and

has b~en nailltu as tht Solow's rt~id\1al and latcl' stngts morc often refcrs to as Total

Facto! ProductivilY or TFP. 'lowl Factor Productivity gaino hav~ a cumlliative impact

on cconomic growth beca"se the prOd"ctivc ,kills and knowkdge whose expansion

kad, to high~r income and a ri ,inl? Ill~ttrial standard of living

13ytotally difftrentiating hath sid~, of the e<.jllationQ =A f (K, L,) w,ilh respect (0

time we have

dQ
d,

= dA F(K
d< '

of dK
A, ----+

oK dl
of dL

A, ----
oL dl

Dividing both sides by Q,. we have

dQ dA of dK of dl ,
-I QI= -I At + --I F(Kt.it) + At-.--I(Kt.Ltl
dt dt oK dl oL dl

Replacing the marginal pnJdu~tivities by factor price,. we have

Qtg= TFPG+(rK/Qt)Ktg+(wLt/Qt) Ltg=TFPG +5kKtg+ slLtg

where TFPG is Total Factor Pl'Oductivily grO\\1h, r and ware unit ,ervice prices of

capital and labor, respectively, Sk and 51 are relative shares of income of capital and

labor, respectively, and Qtg, Ktg and Ltg are the gl'Ov,1hrate of output, capital and

labor respectively.

Since, the gro\\1h rate terms in the ahove equation~ arc fol' an instantaneous rate of

change, for the discrete time \ve take (he average of two consecutive pedods:

,
TFPG 1=(In TFPI-ln TFPt-l )
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= (In Qt- -In Qt-I ) - Y,(Skt-St-l) (In Kt-Io Kt- I) ~
, ,

1!2(Skt-St _ I) (In Lt - In Lt - 1) - Q I - l/2(Skt-St - I)K1-

,
]i2 (Skt-51 - I)L [ (3, I)

The above equation is used in the estimation ofTfP grovvth r<lle.The above fonll has

been dGvcloped by Dr. Noroyoshi Oguchi,Profe~sor of Commerce at thc Sensei

UOl\'~r.\ity, Japan. Based DOthe formul~ developed A~ian Productivity Organization

undertook a survcy and has carried OUl the stud}' (0 calculate the total factor

produclivity in its 10 member c0Clotrie<;,

3.1.2 Value added or ratio method

Productivity is u~ually mea,ured a~ a quantity index of outplll over a quantity index of

inpCl(s.Indices are required because the heterogen~il}' of goods und <;erviecs does not

permit simpl}' <Idding up units of different types of commodities. Hem'ever, re~ults of

index aggregation are in general semitive to thc choice of a specific index number

formula and formulae should therefore be cho~en on conceptual and on practical

grounds. The Value Added is an efficiency analysi, of all}' entnpri,e is hased on two

concept>;

Production of wealth and distribution of created wealth to those who ha\'e contributed

to its creation. The productivity and efficiency of any organization can be evaluated

through certain performance indices. These indices may be of dilJerent orders and

from different per:speetives. Number of pieces produced is a measure of 'worker's

productivity. It is not the same as valuc added per employce, whieh is a hybrid labor

performance meaSClre, On the other hand Return on investment, which is

dimensionless, a higher level measurement criteria. All economic activities can be

broadly categorized into the broad headings of inputs and outputs.

The following index number~ are I"ound to be 01" impOrlance in evaluating

productivity.
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1. YultLeadded PCI' emploJe~

2. Sale, P~l'Employee

3, Yaluc added per unit orfi~cd capital utilized

4, Yalue added per unit of working/operating capital utilized

5, Yalue added to sales ratio

6, S~les per capital

7. Capital utilized per employee

8. Labor cost per employee (Labor cost/No, of cmployees)

9. Labor cost competitiveness (Yalue added/Labor cost)

10, Profitability (Operating profit/Op~rating capital)

It is [0 be noted here that each of the productivity mcasure may be of uniquely

important for any particular sector,

Pieces pwduced

Labar Pwductivity =

No. of workers

No. of Burgers pwdtLced

Material s productivity = --------------------••---------

kg of meats utilized

Kilo.meters nm

Energy productivity

Fuel used

Taka sold

Capital productivity = ---------.------.--

Hank Joan utilized
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3.1.3 Distance fundion approach

In carrying out the pwdLletivit}' analysi> it has been greatly relied on tWl) important

assumption, about filTI1Shehavior and technology:

U firm' arc economieall}. eflicient; ,mel

ii) Technologies exhihit con,tant return, to scale.

J[ i.1 plausible that there arc inerficienci~\ in finTIs' operations and dealing with

analysis of these incffici~ncic" however. requires introduction of th" concept of

"distance functions", Distanc~ function; arc an important tool in indcx numh~r th~()ry,

and form th" basis for Ma!mqui;t indices or prices, quantities and producti\.ity. The

Malmquist (1953) quantity index is based on the concept of a distance function. An

output distanc~ function d~;eribes the raetor by which the production or all output

quantlties could be itlCreased while still remaining within the f~asib!e production

pl1ssibilit}' set for a given input level. Similarly, an input distance functIOn indicate~

by how much input use can bc reduced for a givcn output level and within the

prodllction possibilities. In this gencral formulation, a distance function is very mnch

an engineering-type relationship In its most general fonn, it requires neilher

assumption about ertlcient producer bcha\.ior nor about con,tant return~ to scale

technology_ This property makes it a VCl'Yver,atile tool that i~ also suited for the

mcasurement of non-market input, omput und productivity.

Economic efficiency has two distinct components, "allocati\.e'" efficiency und

"technical'" efficiency (Furrell, 1957). Technical ertleiency is the ability of a finn to

obtain maximum output from a given "et of input8 (output technical efficiency) or to

use minimum inputs for a given set of outputs (input tcchnical efficiency). Allocative

efficie~ey relates to a firm's ability \0 use inputs in optimal proportions, given a set of

input prices, or to produce outPllt~ in optimal proportions, given a set of input priccs,

or to produce outputs in optimal proportions, given a set of output price~_ Constant

returns to ,cale occur when a proportional increase in all inputs resulls in the same

proportional increase in output.
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Malmquist (1953) defined an output quantity inde~ as

(3.2 )

\\ihere Db = Output distancc function at t period oftimc

Q~ = vector of output quantity at t pcl'iod of time

Q~-I= \'ector of output quantity Jt t-1 period of time

X i~ an arbitrary rekrcnce \'e~tor of inputs.

It i, a mea,ure of the "distance" betw~ell Q' and Q"I and reduces to the ratio onG\\ihen
thcre is only one output. Note that the .spccific form of thc distance function is

gencrally unknown, Also, the Malmqnist quantity indcx as pres~ntcd hele d~pends on

th~ r~ferencc technology in year t and on the vector of input,.

An as,umption can be made about the functional form of th~ distance function, One

common functional form is th~ translog output di;tance fimction.

(3.3)

The first part Oflhis expression shows changes in efficiency between (he two pcriods.

thc second part shows technical change (for a given set of input, and outputs, what is

thc maximum prodllction achievable in pcriod t a, opposed to pcriod t-I), Other

comhinations are possihle, for example a mea~ure oftedmical change \\iith respect to

th~ refercnce period t, rather than t-1. H is equally justifiable to define pl'Oductivity

m~asure~ with respect 10 input distance functions, and, without further restrictions on

technology, thcre is no gllarantee that input-relaled productivity measurcs yield the

same result as output-related ones. The cquivalence of input and oulpL!l-related

measures is only ensured under constant relmns to scale of the production technology,

and herein lie~ much of the attractiveness of this simplifying assumption.
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3.1.4 Econometric method

The econometric approach to productivity mea,urement is hased on observation, of

\'olume outputs and input" It il1\'oh'es estimating the P~lmneter, of a specified

production function i.e. COlt. rcvenuc, pl'Ofit; etc. It aVc)idspo,tulating a relationship

between proJuetion elastic ti~s and income shares, which mayor may not co]Tespond

to reality, and indeed put, researchers in a position of te,ting the,e relationships

Further possibililie~ ari,c \vith econometric tcehniques: allo\\'ance can bc made for

adju,tment cost (the p08sibility that changes i~ factor inputs are increasi~gly costly

the faster they arc implemented) and \'ariations in capacity milization. I'urt1JemlOre, it

i, possible to in' e~tigate forms of technical change implied by the index number

based approach; and there is no a priori requirement to assume constant returns to

scale of production function" One ad\'antage of this method is that it possess the

ability to gain information on lhe full reprcsentation of the specified production

technology, which may not be not possible 10 generatc hy other methods. The

literature about the economctric approach is large. Jnd eX<lmplesof integrated, general

models ean be found in Morrison (1986) or Nadiri and Prucha (2001). All these

pos5ibillties ~ome at a cost. however. Fully-Iledged models raise complex

econometric issues and somclimes put a question mark on the robustness of results.

Often, resear~hers are constrained by the sample size of observations, and have again

to r~v~rt to a priori restriclions (for eX<lmpleconstant returns to scale) to increase the

degrees of freedom for e,timation. From the point of VIew of statistical offices

concerned with the publication of regular productivity statistics, complex econometric

approaches bear little attracti\'cncss because:

i) updaling involvcs filll rc"e,ti mation of (systems of) equations:

ii) methodologies are often JifJ1cult to communicate to u broad spectrum of

users of productivity stAtistics; and

iii) Significant data requiremcnts tcnd to reduce the timeliness of results.

In summary it can be concluded that the econometric approaches are a toollhat is best

suited for <lc<ldemiepurposes and i, po,~iblc to explain the theoretical considerations

of the problems related to productivity analy~is or growth.



.3.\.5 Ilata ell\"CIo'pment analysis

The two prominent lidd l)f studIes LC economics and operational re~earch have

common interests a, to several research inca, onc bcing the analyses ofth~ production

possibilities of indn,tries or micro units of prod\lclion. The ,pec ifie research strand of

dficienC}' measurcmcnt for production unit, in the field of Opcrational Re<;carch took

oft"with "Measuring thc efficiency of decision making um!.," hy Abraham Charncs.

William, W. Cooper and Edwardo Rhode, in thc ycar 1978 as (he seminal paper [15 J.
The inneasingly popular empirical u,e of linear programming techniqnes for

calculating enicicncy scores is due to the Data Envelopment Analysis or simply DFA

model introduced to the general research puhlic in popnlarly known as CCR. C for

Chumes, C for Cooper and R for Rhodes, ann the name of the three invcntor of the

method,

Data Envelopment Analysi<; or DEA provides a mcaSlll'e of efficiency for one option

tu a set of alternatives, This Iincar programming -bused measurc has its origin in Iincar

production theory by Farrell but its evolution went down a puth somewhat different

from economic theory. In thc DEA tradition, alternative choices of units ar~ called

deci<;ion making units (DM!Js) which is eh~racterized hy a vcctor of output8 and a

vector of inputs. Given a population of ~y,tems thJt consumes jnput~ to generate

outputs. prodLiction theory can be u>ed to develop basic postulates ahout the

prodllction possibility space and to con<;truct an efficient fi:ontier which is uscd to

quantify efficiency for indi'ildllul systems. Input of a DMU is human, financial, or

physical rcsources put into a sy,lem in order to achieve a result. The result is any

t"ormof product, or service that a s}stem prodllCes.
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3.2 DEA APPLICATIONS I]'; DIl11<'ERENT SECTORS

3.2.1 Finan6al institutiom.

There arc a number ofpapcr, aVilibbk Ill. 18,35.55.66,97, 98,I1OJ lhal tleal! with

the evaluation of relativc productive effLcicncies of financial institutions in different

countries likc USA, Turkey, Grcece. Porlugal.13razil, etc. 'Ihe findings anti analysis

of the papers have been brietly outlined as follows:

Harr et el.[9] in thcir paper have uscd a con>traincd-multiplier- mput.oriented data

envelopment analysis (DEA) mo<J~1 to quantiliably hcnchmark the productive

e!Iiciency of U,S. commercial banks, The DEA model oiler, numerous benefits,

ineluding lhe ability to target area,; of relative efiiciency bctwccn banks, Perhaps most

importanlly, it allo"vs analj'sis of multiple aspects of a financial institution's

performance, unlike morc common benchmarking methodologies lhal foells on only

one of many interre1<lted mca~ures at a time. DF.A creatcs an anal}:;is that is broader

without sacrificing depth of msight, an analysis that i~ morc pertinent an<Jhence

applicable to the rcal-world operations llf complcx financial in>titulions.

Choudhari ct el.[18] have >lu<Jiedthc relative perfolTllance of puhlic scctor banks in

India. They havc cvaluated the banks on fivc indicators-Profitabilitv, Financial

Management, Growth, Productivity atld Liquidity. The Corporation Bank Vias foun<J

to bc in efficient frontier in all indicators which follo\\e<J by Oriental Bank of

Commcrce .TIle results of analy<;i<;the analysis shows thaI most or the banks from

efiicient fronticr in profitability and fina~cial indicators compared to prodLictivity,

growth and liquidity as compared to profitability and financial management.

Fethi et el.[35] investigatcd the detcrminants of efliciency in lhe Turkish commercial

banks nsing cen,>ored regrelSion t~chniques, First, the technical efficiency of

individual ba~ks in 1999 was evaluated using the non-paramctric frontier

methodology, the Dala Enl'elopmcnt Analysis (DEA). Then, the determinants of

efficiency of commercial banks are imestigated using the censored regres<;lon

technique, the Tobit model, This aims to explain the variation in calculated

cfficiencies tll a set of explanatory variables. The number of employees, and the sum

- 32 -



of non-lahor op~ratitlg expen,c, direct expellditure on huilding, and amortiz~tion

expenses, are .\pccilied as the two input> ""hcrea" thc outputs ,lfC loans, demand

dcp08its. and lime dcpo,iIS. The study is ba,ed Oll t\\,O sample,: the samplc consisting

of 4& batIks and thc sample excluding 4 slate-o\\'ned banks, The DEi\. efficiency

,~orcs Clm thcn be intcrpreted to show how m\lch cach bank cO\lld rcduc~ its inpnt

\l~age wilhom redu~ing Otltpul if it were as technical efficient as lhc be;l practice

bank, ror example. if bank A ha, an dlicictlCY score of 75%, this implics thallhat

particular bank needs to reduce it~ inputs by 25% in order to achieve 100% cffici~ney

The linear programs \vere solved tt) measure thc technical efJiciency of each

observation. The computations \vere ~ondncted by the OnFront Software. Both hank

siz~ and bJnk profitability ha\'~ 5ignifi~ant positiv~ effects on efficiency, indicating

that the larg~r and more profitabl~ banks havc higher technical efficiency. On the

other hand. the capital adequacy variable is significantly negatively related to the

technical efficiency.

Kisielewska et el. [55J have examined the groVvlhp~rformances of Polish Banks u,ing

various methods and tedmiques ranging from tradition~l ratio analysis to mvre

eomple:>. tools based on erficiency frontier approach, Ratio analysis, \\,hi~h

encompasses key performan~~ indicators, i, commonly u,~d by all market

participants, However, the approach brings only one dim~nsional measure thro-1gh a

set of indicators that may add ~onfusion and inconsistencies, whieh is increasingly

pushing the indu,try to choose mor~ robust approa~he,. This limitation gave rise to

de\'elopment of mor~ sophisticated methods known as frontier efficiency le~hniques.

Unlike ratio analysis, these tedmiques allow for the identification of strength, and

weaknesses as well as report on the ov~rall value of ~fJici~ncy. In this conlext, Data

EnHlnpment Anulysis (DEA). repres~nting non-panlmetri~ approach ill prodlL~tioll

frontier unalyses, could b~ used us a complement to rutio analysis and could

potemiallY yield a more ~ompreh~nsive appraisal of business performance. Six

production model, \ver~ developed in which banb are mainly collsidered as

producers of d~po,it account, and loans services to examine the performance of the

banks. To assess productivity changes over time, the Malmquist Index approach has

been u~ed. Calculating Malmquist indices from DEA window analysis ,~ores raises

the problem of definition of the same period Irontier.
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Laeven. LtlC [66] has u,ed Data Etwdopmen( Analysis to e;tLmate the inenleiencie,

of banks in lndone,ia, Korca. Malaysia. the Philippines and Thailand or the pr~-erisi\

period from 1992 !c) 1996. '1he study find that foreign-owned banks took little risk

relative to othcr banks in (he Ea,t Asiatt region. and thut family-owned bank~ WCl'e

among the most risky banks, (ogether with company-owned hanks. The rcsults or (hc

ri,k-taklOg model indicate that family and company owner~hip of banks should be

discouraged. and that foreigners should be encouraged to becom~ core group or

investors of banks. In particular, the analysis might have O\,~rlooked thm some banks

operated under more restrictions than others. It 1\. ho\\,~\'er, likely thm foreign banks

\\,ere not favored by any of th~,e rules and re,triction,;, It is therdore argued that

banking regulation should be ,;uch (hat all banks, including for~ign banks, can

compete on an arms-lcngth bases and that foreign ownership of East Asian banks

should be cncouraged. Since it is impos~ible to separate efi'iciency impl'Ovem~nt~

Ii-om exces~i\'e risk taking, it \vas asqumed that efficiency' is constant during 1992-96

in ordcr to eonstluct our nlea,;ure of risk taking. or cours~, bank eflicicncy is not

constant over time. evcn for a rclativdy short pcriod of 5 y~ars with no significant

changes in bank managemcnt and bank r~glliation.

R~belo et eL[97] evaluat~d the index numbers using nonparamctric methods They

have adopted the lattcr becaLl';c it does not require the imposition of a possibly

unwarranted fllOctional form on thc structurc of production technology a, reqlllTcd by

the cconometric approach, According (0 the authOl's there are two ba,ic approaches to

the mcasur~mcnt of productivity change: the econometric estimation of a production,

cost, or some othcr function, and thc construction of index numbers using

nonparametric methods. They mcntioned that threc different indices arc frequently

u,~d to evalua(c technological changes: the fischer [1922], Tornqvist [1936]. and

Malmquist [1953] indexes. They have cited Grifcll-Tatjc r:ov~ll [19961, where it is

mcntioned that the Malmquist index has three main advantages relativc to th~ Fischer

and Tornqvist indcxcs. First, it does nO! require the profit maximintion, or co,t

minimization, a,sumption. Sccond, it does not require information on the input and

output pric~s. Finally, if the researcher has panel data, it allows the decompo,ition of

productivity changes into two componcnts (technical efficiency change, or catching

up, and technical change, or changcs in the bcst practice). Its main di,;advantage is the

n~cessity (0 compute distance functions. However, the data envelopmcnt analysis
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(DEA) technique can be used to ,olve this problem l'he author; con,ider that the

banking firm as a multi producl organintion produce, three outplils (loilns, llnnn~i~l

applications, and otha banking sen ice,) Wilh three different WPllts (deposits, labor,

and tapital), The final solution depends upon the concept of whal banks do, the staled

problem, nnd the availability of data. The}' ha\'e u>ed the intermcdiation approach,

and variables arc defined as J'Jllows. For oulpuls. are loans outstanding (loans to

client" net of provision,): financial appheations (loans to credil ms\ilutionl plu,

bonds plm other financial applications, net of pro\' isions); and are other bank sen'ice.1

(commissions received plus net pro]it from financial operation,). For inputs, are

dcposits (deposits from clients plus deposit> [rom the public sector plus certificate, of

deposit plus deposils [rom other banks); are number or employee<;; and are fixed

a~,ets (net of depreciation). Data from thc banks' annual balance sheets and income

slalements for 199() to 1997 are used in thi~ ,tudy. The sample includes almost all

banks operuting in Portugal during this perio,J The results showed that old banks

exhibit better score; in ,,11indicators. This could be panly expbined b} the fact that

older institutions, having been in the market for a long time, are already known ta the

pl.lblic and are now rationalizing their inpul l\l>age and getting clo,er to the best

pracliee.

Reztis [98] examines the productivity gro\\1h and technical efficiency in the Greek

banking industry for the period 1982-1997, Furthermore, he compares productivity

growth before and alier 1992, since after 1992 the Greek banking industry has

experienced a rapid accekndion of liberalintion and deregulation, He uses the

Malmquist produclivity inde~ to measure and decompose the total factor productivity

grow,th, as well as the DEA method to measure technical efficiency. As mentioned

that one of the muin limitations of the DEA method i, the presence of outliers which

m~y influence the empirical results, especIally in the present study, since the sample

used consists of only six banks. However, the results of the present study, in terms of

bank level efficiency and productivity measures, do not show big discrepancies

among banks Thi~ indicates an absence of outliers in the sample. The results indicate

that productivity gro\\1h increased on average by 2.4% per year over the entirc period.

The empirical finding that total factor productivity gro'\1h, which originate,

exc1lL~ivelyfrom teclmical change, is higher in the second sub-period than in the first

is aHribuled to the rapid adoption of new infannation technology by Greek banks. '1he

- 35 .



deterioration in ef1i~iency ob<;ervcd during the second S\lb-period ~ottld b~ attributcd

to the pre;;cne~ of adjustment costs relukd to thc lISe of this new technology. I\S for

lhc first sub-periou, givcn thc cmpirical finding of tedmical regr~s>, banks used the

existing tcchnolog) a, em~i~ntly a<, possible and, for this reason, total factoI'

productivity grovvth during this ,ub-period re~ulled ~111elyfrom improvcments in

erticiency,

Souza et eL [1 10J usc, output orientcd Data Envelopmenl Anal)'ol' (DEA) to mcasure

the technical cfficiency to asses> the ,ignificancc of technical cffeets for Brazilian

hanks, The three input sources are labor. ~apitul and loanable funds and sceuriticl,

loans, and demand depo.<;it~are comhined measure of output. '1he factors or technical

effects of interest in the analysis are bank nature (multiple and commercial), bank

typc (credit, busines" bursary and retail), bank size (large, medium, small and micro).

bank control (private and public), bank origin (dome,tie and foreign), and

nonperforming loan;;. Bank origin and bank type are !h~ only significant effect"

3.2.2 Health ~ecttlrs

The application of DEA methodology to detemline the eJiiciency of the health sectors

has been found in a number of paper> [1,40, 72, 121] as outlined belo\v:

Afon,o et eL [1J computes the DEA eiliciency scores and Malmquist indexe, for a

panel data set comprising 68 Portuguese public hospitals belonging to the National

Health System (~HS) in the period 2000-2005. With data on hospital ~ervices' and

re~ource quantities an output di,tanee function was constructed, and was a>ses,ed by

how much output quantities can be proportionally expandcd withuut changing inpnt

quantities. The results show that, on average, the NHS hospital sector revealed

positive hut small prodClctivity growth bel\veen 2000 and 2004. The mean TIP

indices \'ary bel\veen 0.917 and 1.109, implying some difference> in the Malmqui,t

indices across specifications. Furthermore, there arc ,ignificant fluctuations among

NHS hospitals in terms of individual efficiency l>coresIrom one year to thc other.

Frie,ner et el. [40] presents an empirical study that look> for evidence of sea,onal

inefficiency, Using a quarterly panel of general, acute-care hospitals from Washington
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State, it was observed lhal hospilal etTicienc) d()~.\ vary ovcr lime, however. lhc

ualme of lhi<;dynamic inerf,cicnC} depend, on the lype (l[ cfficicncy being mea~ureJ.

The r~sult, ,uggcst that techl1lcal and co,t efficicncy vary by quarter. Allocative and

,~ale cfficiency alw vary on a quartcrly basi~, bClt only if thc data are jointly

disaggregatcd by qu"rler and another, lirm-spccific factor such as sizc or opewt;ng

status. The author, invesligate the shorl-lerm eft~ct of the nev" national heaUh

insurance known as Universal Covcrage on h08pital efficiency by comparing the

technical efficiem:ie.\ of pnblic hospitals before and alter the transition period during

\\hich universal cO\eruge \lias implemented. Tile study "ii, made for calculuting tile

efficiency diffcrence, ilmo~g 92 Thai pro\.lncial public hospital, using a tv"o-,t~ge

analysi,. induding thc Data Envelopment Analysis, bootstrapping DEA, and a

cen,orcd Tobit model. In all, the DEA results indicate that UC improved e11iciency

acro,s lhe country. Regional hospitals, in partiwlar, improvcd their efliciency thc

mo,t. On average, small gcneral ho,pitals wcre the mo,t efficient hospitals, followed

hy largc general hospitals and region~l ho,pitals. Becausc access of care, especially

by those with lower incomes and the unin,ured improved, an incrcase in th~ number

of UC patients pcr cnrollee, inneased hospital efficienc). This also implics that the

capitation budgels}stem which has replaced thc incrcmental financing supply-sidcd

cost. imprO\'ed efl'icien~}. Finally, it ha, been found thaI the efficiency change

depend, on gcographical localions. Hospitals in the East become the least efficient

instead of bospitals in thc West after the reform started. These are very preliminary

results, analyzing only at the short-term immediate effects uf UC on the cfficiency of

rcgionaland general hospilals in Thailand.

Masiyc [72] analyzed to find the technical efficiency of a sample uf hospitals In

Zambia, in ordcr to evaluate tbe ambilious national health program deSIgned to

mceting hcalth-related MDGs. Allhough lhe lack of adequate re<;ources presents the

most important constraint, the efficiency ",ith which availahle resourccs are bcing

utililed is another challcngc that camlOt be overlooked. Indliciency in producing

health care underminc, the service coverage potential of the health systcm. Here the

efficie~cy is measured using a DEA model. Vectors of hospital inputs and outputs,

representing hospital expendcd rcsources and output profile, respectively, v,,'cre

specified and mcasured. The data were gathered from a samplc of 30 hospilals

throughoul Zambia. The model estimates an efficiency score for each hospital. A
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d~comr,)sition of techni<:al dI1<:i~ncy into s<:ak and c0ngestion i, also provided,

Result, show that overall Zambian hospitals are operatlng at 67% level of cfficimcy,

implying that significant reS0urces ar~ being \\(asted. Only 40% of hospitals were

efficient in relative terms 'I he studl' further reveals that the size 01 hospitals is a

major source of inefficien~y, Input c\1nge\tion is also found to be a souree of hospital

inefficiency. This study has demonstrated thut inefficiency of resource use in hospitals

is significant.

\Veh<;tcret eL [121] applies a range ofiirm-k\'d eni~iency-mca<;urcment tcehniques

to a unit record dataset for the Austl'alian prhflte hospital indu\try_ Firm-l~vel

ana!}ses of this kind are bcing applied by influcntial members of the ABS user

community. This private hospitals study has three aims: to explore the diffcrcnces in

assumptions madc by the various techniques and the difTer~n<:e\lTIr~sull5 they yield;

to test the a~sumptions (relating to homogeneity of the indust!),. economies of scale.

d<:.) that und~rlie ABS standard methods lor analyzing aggregate productivity; und to

understand the 'ways in which the <:haracteristics of a dataset ~Jn affect the application

of these analytical techniques. TWGtype<;of techniques are used in the analyse:.: a

non-paramelri~ t~~hnique knO\vn al Data Envelopment Analy;is (DEA), and two

parametri~ te~hniques - StGchastic frontier Analysis (SPA) and Ordinary Least

Squares (OLS) regression. The benefits and shortcomings of each technique are

discussed in gencral tcrms. and then each i, applied to a number of model

specIfications using difl"erem ~ombinatioll.\ of input and output variables dm\\'n from

the private hospitals dataset. The pmpO.\es of this study were t\\'ofold; firstly to

e,aluate the robustness of a productivity analysis technique in the light of different

mGdel specifications, and sccondly to draw some conclusions about the nature and

pattem of efficiency within the Australian private hospital indusl!}'. Using the results

presented in the previous section, a number of important observations can he made

about the application and opcration of the DEA methodology: Thc rcsults presented

for a range of model (input-Olltput) specifications arG not particularly robust to

specification changes, where even minor variable definitional changes ~all produce

different r~suJts. The ~omparison of mean efficiency by major o"llership type (FP or

NFP) showcd a wide range of results from signifi~ant differences in eithcr dircetion to

insignificant differences. The compari,on of rank ~oITelations for cach model with

model 1 indieatcd that all were positive and significantly differcnt from zcro, with
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carrelatian caeflkicnts ranging from 0.49 ta 0,95, Tilc lack of wbH3lnc,s is pCl'haps

nat sl.lrpriling given thc largc s~mpk Sll.C(301 abservatinns) and the relativel}' small

numbel of\'ariables (a ma~imlllll of IG) when camp<lred with prev;o\L\ studies of this

type.

3.2.3 Education

In lile educatinn sector ~ame papers !lave been JOLLnd[2. 6, 119. 128] thL'teehn i~ue of

lJEA has been applied 3S outlined below:

Afnnsa et el.f2] in their dissertation have shown fivc separate empimal papers based

an panel data from Kenyan manufacturing firms in the foad, woad, texlile and mctal

sectors, callected during the earl}' 1990s. The principal laal~ of analysis are the

microecanomic theary of production and econometrics. Althongh the main thmst is

empirical, thc papers may also bc af some independent methadological interest. The

first two papcrs investigale whether technical efficiency is increa,mg in finn si7e and

age. The evidence supports this claim \,ith re~peet tn fil'm size, but not age, \\hieh is

consistent v,ltll pre\'iolls evidence reviewed, These re8ult" ohtained ll\ing a stochastic

frontier praductian functian model in paper I, arc canfilmed in paper 2 "sing data

envelapment analysis cambined with :.ee(Jnd-step rcgressian models. Paper 3

addresses factor intensities and snbstitution. T11ere exists a pa3iti\'e relationship

hetwecn firm size and capital intensity, The evidence suggests this is due to nan-

homothetic technnlogies and ta different input factor prices for small and largc firms,

Papcr 4 is a broad analysis afthe perfarmance orthe stlh sectors in terms ofteelmical

efficiency and prodnetivity. Small and infarmal finm are comparably inefficient

Food, follnwed by metals, is the most productive sector. Growing firms are more

productive than cnntracting nncs, suggcsting that high tnrnaver may increase averall

seetar productivity. Several \'ariahles do nat cxplain the variation in productivity,

including exparting, credit and for~ign owncrship. Textiles rcgl'csscd aftcr the trade

liberalizatian, Paper 5 addresses the dehate nn thc usefulness af the infarmal sector

concept by canducting a camparative analysis af fannal and infarmal small finns.

Infarmal linns arc yaunger, less capital-intensivc, almost never run by Asians, pJY

less skilled wages and na taxes, have poor access tn credit and have less educatcd

managers. They invcst mare often and arc less efficient than Asian-managed fonnal
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I,nns, but mo[~ el'I,eienl than l!lose managed Ill' Africans 1his S\lgg~SL\that fOl'llwlity

stat\ls, ind~pendem or si7e, maU~rs.

Banker el el[6) focuses in their study on how efficiency in publ1e education 1,

affected h} ~ompetition from pri\,~te schoub '1 he Swedish education"l s}',tem I,

used. since the Swedish larg~ scale vO\lcher program implies thaI private and public

schools compete on similar terms. Public school ellicleney is estimated using Data

Envelopment Analysis (DEA) A number of approaches hav~ been proposed

concerning how to model this 10 a DEA seUing In this study. four tlirferent

approaches are used and compared, Special fo~us is put on a second stagc regression,

where the efficiency eSlimates arc regressed on competition and otber explanatory

variables.

Waldo [119J in his paper evaluates thc efficiencies of >~~ondur}' ~du~ation across

~ountries h}' as:.e;slllg oulputs (stLldent performance) againsl inputs directly uscd in

the education system (tea~hers, ,tudenttime) and environment variables (wealth and

parent,' education), Firstly, output efficiency scores were estimated by solving a

,tandard DEA problcm with eountrics as Dl\-lLls, Secondly, these SCQres were

explained in u regr~,sion "ith the envirQnmental variables a, independent variables,

Results from the first-stage imply lhat iueflicieneies may be quite high. On average

and as a conservativc cstimate, countries could have increased their results by 11.6

percenl using the same resour~es. with a countr}' like lntlonesia tllsplaying a waste of

44.7 percent. The fact that a country is seen as far a\vay from the efficiency frontier is

not ne~essarily a result of inefficiencies engcndered "within the education systcm. Our

second stage procedures show that GOP pcr hcad and parents' educational attainment

are highly and signifi~antly cOlTelated to output scores - a wcalthicr and more

cultivated environment are important conditions for a better student perfornlan~~.

Moreover, it h~eomes possihlc to con-eel outP\lt score,-by considering the harshness

of the environment wher~ the edu~ation system operates. Country rankings and output

s~ores derived from this ~oITection are substantially different from standard DEA

results, Non-discretionary outputs considered hcre cannot bc changed in the short run.

For example, parental educational attainment is essentially given when consitlering

stLldentsperformance in the coming year. However, ~ontemporaneous educational and

social policy will have an impact on future parents' educational attaitullcnt. Finally, it
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ha.\ been ilpplied bNh the uSlI,li Db\/l'obit proced\lre and t\\O \'er; r~cently pmposed

bootltmp algorithms. Results w~re Itri~ingl} similar with these three dlilerent

estimation processes, \\,bieh bring increased confldcnre to obtain~d condusions

Zheug et ~l. [1281 in their pap~r presents a new DEA ba5~d m~thod to analyze

efficienc)' trends ovcr time and dilkrenees across.subgroups in a piln~1data setting. It

was employed that the aggregate tcchnical a~d allocativc inefficiency ;C0r~ equals the

technical incfficiency when inp\lt quantities ar~ aggregatcd into a single lOtal itlpUl

cost \'ariable, and devclop test procedLll'cs to cvaluate th~ presence of allocati"e

inefficiency. These methods arc used to tesl for thc presence of allocutive inefficiency

in Texas school dislricts over 1993-99, and anulYH shifts and trcnds in both technical

and allocative ineffici~ncie, over time for difl"'ft'nt regions The empirical res\llts

indicate the existence of statl,tieally significant allocative indfieiencic.\. While

technical inefficiency increased o~er the six year sample period. allocativc

inefficiency remained relatively stable during this period. These results for the full

sample obtain also vv'henthe analysis \vas repeated for different regions.

3.2.4Agricultur~

BoseUi et eL in their paper [13] discusses a data-based, quantitalive methodology to

assess the relative pedunnance, of different climate policies, when long term

economic, social and environmental impacts ofthe polk)' are considered. In the fir-;t,

DEA is applied coupled \\,ith Cost-Benefit Analysis in order to evaluate the

comparative advanlages or poli~ies when accounting for social and environmental

impacts, as "ell as nel economic benefils. In the second, DEA is applied to compute a

relalive efficiency score, which aCCO\lnt>for environmental and ~ocial hencfits and

co,ts interpreted as O\ltP\lts and inputs, Allhough the choice of the model used to

simulate future economic and environmental impli~ations of each pohcy, as w~lI as

the choice of indicators for costs and benefits, represent both arbitrary decisions, the

methodology presented is shown to represent a practical tool to be flexibly adopted by

decision makers in the phase of policy design.

Duttu el el. in their paper [ 29] discuslcs two methods that are viable and widely-used

approaches to the measurement of technical elTiciency - how efficient a firm, or unit
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of a finn; is at using it> inputs to prori1l\'e il given set of olltpllh. Th~sc mcasurcs are

also lIsdul for comparing th~ efficiency of dliTercnt unit, in a firm, s\leh a,

salespeople. ,ak~ districts, retail outleL~,division, or ,ubsid"lrie~ of a firm, Which of

th~ l\IiO approaches would be prelbTeu in a givcn ,ituation depeud, on the

charucteristics of the datu at hanel. USA more readily incorporates multiple outputs,

and rel.juires only minimal a,s\Lmptions about thc shape of the efJici~ncy fronticr.

Thcs~ factors make OI;A a good choke for case, wh~re rn~asuremcnt errors are likely

to he small, and outhers arc unlikely to e).,isl in the data. On the other hand, if

measurement errors are likely to be largc. the stochastic frontin method may be a

better choice, e,pecially if one i,; comfortahle ahout making aSStlmption, about

f\llletional fom] and the distribution of error terms. The viability of altematives that

fell \vell below the frontier would be qucstionable. This approuch could have valuc for

obtaining a prelimiuary determination or the viability of product concepts: if a

concept Were very inefficient at prices required making it profitable. its viability

would be questionuble; on the othcr hand. if a concept could be priced so that it

shifted the efficiency frontier outward it., viability \vould be promising, In this case

thc efficiency analysis "'ould also permit determining which existing products are

rendered inefficient by the new concept. and therefore most likely to he alTected hy its

introduction. Here the di~clls~ion refcrs to the unit's ability to produce its current

levels of outputs with the most economical use of inputs. Because it c1iminates thc

confounding cffcet of differences in output and inp"t prices, a technical efficiency

measure is generally superior for efficiency comparisons between units or firms to

staudard profit measure,

Krasachat in his paper [59] carry out the study is to measure and investigate technical

efliciency in rice fanns in Thailand. Thi~ study decomposes technical efficiency into

its technical and scale components. III past studies. efficiency anal;se, have involved

econometric methods, In this study, the data.envelopment analysis (DEA) approach

and farm-level crosg-s~ctionai survey data of Thai rice farm.~ in 1999 are '-'--led.A

Tobit regression is used to explain the likelihood of change, in inefficiencies by farm-

specific I:lctors, The empirical findings indicate a wide diversity of efficiencies from

farm .to farm and also suggest that the diversity of natural resourccs has had an

innuence on technical efficicncy in Thai nee farm" An input-oriented DEA model

was used for estimating overall technical, scul~ und pure technical, efficiencies in the
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rice farms ofThililand. Tobit regressio~ \\'a<;employed to il1\,~,tigate factors affecting

teeh~i<:al efficiency ol'rice production at filrm Ie, d in Thailand, The empirical remits

indicate that there al'e signific'"~t p0s,ibilities to i~crea,~ ~lTici~nc} levels in Thai rice

farms. Th~ ,"veragc ovel'all technical in~flicicncy could be reduced by 29 per ~~nt, on

averag~. by op~rating. at optimal SC,I1e, and hy eliminating pure technkul

inefficiencies through the application of the b~,t practiees of cfficicnt rice farms. l~

addition, thc results also indi<:at~ that pure tcchnical ineJIi~i~ncy for Thai rice farms

provide:. a greater contribution to o\'erall inefficiency. Thus. extension services should

be used to increa,~ thc technical efficiencie, of these inefficient farms in Thailand.

The analysis present~d ill this paper ean he improved in u numb~r of areas. Some

areas of fmlh~r rescarch should be considered. The,c include: comparing stochaslIC

and DEA fronti~r analyses; and investigating the determinants of COSlinefficiency in

Thai rice farms.

Madlener el el. in their papcl' [67] compares multHnt~nu deci,ion aiding (MCDA)

and data envelopment analy,is (DEAl appl'Oaches for assessing renewable energy

plants, in order to determine their performance in terms of economic. cnvironmental.

and socia! eritcria and indIcators. The case i, I('r a dataset of 41 agricultural biogas

plants in Austria using anaerobic digestion. The result, indicate that MeDA

cOn$titlltes an in,ightful approach. to be used alternatively or in a complementary way

to DEA. illImely in $il\iations requiring a meaningful expression of managerial

preferences rcgarding the relative importancc of evaluation aspects to be considered

in performance assessment.

Otsuki in his paper [S3] examincs the effccts of the Brazilian governments' title

granting policics on the efficiency of agricultural and timber production in thc

Brazilian Amazon, Data Envelopment Analysis (DSA) is mcd to develop multiple-

output efficiency meaSUl'es. These meaS\ltes then are regressed on a set of

predetermined variabl~s thal can affect efficiency measures but that do not fit the

input-output structure of the first Slagc aillllysis. Tv,-oof these val'iablcs, the area share

of land with tilles and the expenditLlr~ on gov~mmenl services (a proxy for title

s~curity), measure th~ property rights situation of a county. The analysis ineludes

timber and agricultural Olllputs to allow for potential interaction bctween these two

land-based induslrics. ProViSlOll of private land title is found to positively affect the
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technical cffici~~cy score, of agricllltural and jomt ngricultnwl-timbcr production

lilis erCect is persi~tent: it cun be obsef\'eJ y~ar; after the title granting policies are

pha\~d out. While the initial purPllS~ of the granting of land titl~s was to encourage

immigration into the Amazon. these policies also Iw..e evidently caused a long run

increase in the technical dfkiencv scores of prodlletion, Gllvemmemal exp~ndllurcs,

induding expcnditure,> 1O.S~C\ll'eproperty right>, also are found to increase technLcal

efliciencv scores Jll th~ a~ricultural industrj, Policies that ~~COlll'age prnatc

o"llersllip of cleared land do not n~c~ssarilv increase rcvcnue eHicicncy scor~s.

Counties with higher shal'es of privately litled land tend to pl'Oduc~ too mllch

agl'icultural output and too little timber output 10maximize county revcnues. Much of

the revcnue inefliciency founJ in thc analj~is is not direct!} relatcd to land ownership.

It exists in counties witll high and with lo"y share of privately titled land. R~venl\e and

allocative efficiency scores arc low in the Amazon counties, with only 32 percent of

thc potential revenue being realized on a,,'eragc at the gh'en 1995 prices, and only

thirteen of the 255 counties exhibiting both allocative and technical efficiency scores

of one lncrcased ,hares of land undcl' private ownership do increase revenue

efficiency scorcs \vhen r~venuc efficien~y is mcasured for agricultural products alone.

Thcy do not incrcase revemL~ efficiency score" \vhcn both agricultural and timber

products are considered, Results from the analysis suggest that land title policies may

ultimately incrcase agricultural yields and reducc the amount of cleared land needed

to produce a givcn quantity of agl'icultural outpLlt. 'lhus the land-titling policies can

negatively affect the economic d~yelopmcnt of the cOLlnties,lfthe Amazon region is

represcntative, policies that pl'Olllote private ownership of puhEc land in a region

whcrc all ofth~ land is initially in the public domain ""ill increase technical el1iciency

scores.

Pushpangadan in his paper [91J carries out a study to examme the use of Data

Envelopmcnt Analysil> (DEA) for the estimation of the well being from drinking

""aler using 'commodilies and capabilities' approach, DEA uses the gen~ral purposc

linear program version of the input oriented multi-input multi-output model for thc

cstimation taking statc as th~ decision"making unit. Th~ transformation efficiency of

the water characteristics into achieved capabilities (frce from morbidity rates of water

borne diseases) shows that Punjab has the lea,t efficiency \vhile Kerala and Orissa as

the Pareto efficient Peer states. The major reason for the inpnt usc efficiency in Kerala
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may be due to th" cult\ll'al practice of boiling drinking "'ater befl)re cOn5umptJOn.ln

the case of Omoa, it can be attributed to better hygienic water handling practices. One

s\l~h indicator, taking water from the storage cl)nWinefs using vessels with handles, is

\'ery high among the hl)ll,eholds in Orissa.

Ral) et eL in their paper [95 ] have examined the le\'els and trends in agricultural

O\ltpUland pwd\lctivity in 97 developed and d~v~loping cO\lntries that account for a

major portion of the world population and agricultural 0\LtpUt.Th~ data was drawn

[wm the rood and Agriculture OrganiLation of the United Nations and covers the

period InO-1995. Due to the non-availabllity of reliahle input priec data, the study

uses data envell)pment analysis (DEA) to derive Malmquist productivity indexes. Thc

study examines trends in agricultural productivity over the period, Issues l)f catch- up

and convergcncc. 01'in some CJses possible divergence, in productivity in agriculturc

are examined within a global framcwork,

Rios ct cl. in their paper [ 97) evaluates the efficiency l)f small hl)lder c0Hee farms in

Vidnam. Data from a 2004 survey of farms in two districts in Dak Lak Province are

\ls~d in a two-step analysis In th~ fir<;1step. technical and cost efficiency measurcs arc

cJJculated using DEA. In the second step, Tl)bit regres,illm are used to identiC}

factors correlmed with technical and cost iuefficiency. Result, indicate that small

farms wel'e less efficient than large farm" Incfficicncics ohserved on ,mall fanns

appear to be related, in part, to the scale of investments in irrigation infrastructure.

3.2.5 Service sectors

DEA method; ha\-e been applied in many papers [17, 34, 45, 47, 70, 88) of scrvice

sectors \\'hich have been outliued below:

Cheong et el. in their paper evaluates [17) the advertising practices of top U.S.

advertisers, using Data Envelopment Analysis, The gOJI is to idcntify best practices

and to test the efficiency of the advcrtising in each of thrcc media types: print,

broadcast, and the Internet. Thc results reveal incfficicncies in each area, relative to

the moncy spell! by the advertisers, and also show that the efficiency of Internet

advertising for the;e ad\ ertisers is Icss than thai for print or hroadca,t expenditures,
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Consequently. it i, 'iltal to meil,urc. maXill1lZe, and benchmilfk thc elTiciency of

advertising media expenditures. The pioncering relilikr, John Wanamaker, is famous

lor the saying attributed to h1m: "]-l~lf of every doll~r :.pent on advertising is waSled;

the problem is I just don't know which hall"." Oiven the huge mnounl~ of money spent

on advertising. praditioners are concerned about possible inefficiency in their use of

ad\.ertiling money. about how to uncover such inefficiency, and how to improve the

cfficiency. A firm undertakes advertising to impl'Ove it> sales and/or profits.

Nonetheless, nllmerous marketing scholars have theorized the pos,ihility of

indGciency in adverti~ing exp~nditurcs. The present study offers DCA - Data

Envelopment Analysi~ - a wide!} accepted management technique. to calculate and

benchmark the cffieienc}' (or lack thereol) III advertising spemhng. The special merits

of the DEA technique are that it is capable of handling multiple inputs and multiple

OLltpUlS.and that it calcnlates the effieiency of advertisers rdative to each other. The

eLlITentstudy analyleS the adverti,ing expenditurcs of top U.S. advcrtisers in the three

are", of print. broadcast. and the Intemet, and determ ines the capabih (y of each of the

adverti,ers to gencrate sale" and profits, relative to their cxpenditllres. Thc

ovcrurehing re,u\(, indicate thJt some inefficiency is indeed present. Overall, the

Internet advertising efficiency of the top ad,ertisers is lower than that for either print

or broadcast advcrtising. Thi, stlldy incorporated t\\.o recent innovation, in DEA -

input congestion and slack analysis. Since thc most impOltanl consideration in DEA

application is the selection of input and related outpnt variables, the choicc of which

advertismg channel is the inplll variable is important lo DEA analysis. So far,

howe\.er, no media study has adopted the DEA model to addres> the efficiency of

adverli,ing in the lnternet medium environment. However, there has heen a lack of

attempt, to empirically investigate the efficiency of Internet adyerlising through

application of the method employed in this ~tudy. This study finds that the selected

top 47 advertisers were less efficient on Intemet adverti,ing than on other media-

print and broadcast. The outcomes of this DEA analysi~ provide useful information on

how the media spending and sales/earnings shonld be adjusted to tnmsform inefficient

adverti<;ers into efficient ad\'Crtisers for the Internet medium as well as traditional

media.

Fethi et el. in their paper [34) discusses that the liberalization movement in European

airlines industry was initiated in the late 1980s to create a more competitive
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en\'1ronmenL This hus mmcd to r~sult in an incr~usc in efficiency and prod\lctivity of

the industry. Th~ radical changes which have oecurred since th~n ha\'e given risen to

lhe need to evaluate thc cfficiency in the early phases of th~ liberalizalion proce,s.

This study lllilizes Dala Envelopm~nt Atmlysis (DEA) to assess th~ efficiency of

airlmcs. The Tobit model applied to the &econd stag:e i<;conducted in an effort to

identify the efTects of vurious explanatory variables on.cfficiency. Applying DF.A

with Tobit models to detect (he efficiency and the determinants of (in) efficiency

serves a vari~ty of policy pUl'po,es and aimed at improving performanc~. Our analysis

i, ba<;cdon a panel data ,daf 17 airline, ~.uropean airlines o\'er t!le period of 1991-

1995. Thc empirieal finding, confirm the detrimentul effects of eonccntration and

subsidy policies. Airlines confronting competition may se~k to exploit ~conomies of

scope and of dcnsity. In recent yea~, it has been strongly argued by the EC that all

,tate aids for the state -o\\ined carriers be eliminated except in very rare

Clrcumstances. Moreover, the empirical findings re\'eal that the state ownership did

not provide an impediment for being efficient in this sample. Fm1her, in order to

remain competitive and efficient, the European airlines need to maintain their service

quality _ increa&e the load factors. This analysis, hov,'ever, is the first attempt to

investigate Tobit analysis in the airline efficiency literature. Therefore additional

studies are imperative to confirm or fal<;if)"the detected determinants in this study.

The empirical work here Stlggcsts thm fut\lre research may need to concentrate on the

dynamic factors, i.e. the R&D facilities and innovation \vhich could playa significant

role in an indn<;try's performancc.

Herrera el el. in their paper [45] commenls that the Governments of developing

countries typically spend between 15 and 30 percent of GOP. Hence, ,mall changes in

the efficiency of public spending could have a major impact on GOP and on th~

attainment ofth~ govcrnmenfs objectives. Thus evaluation of efficiency is vital, thus

an atkmpt has been made for evaluation base on DEA lbe basic philo;ophy

cstimates efficiency by calculating the distance between observed input-output

bundles and an efficiency frontier (defined as the maximum attainable output for a

given level of inputs) estinlated for several health and education output indicators.

The frontier is estimated by means of thc Free Disposablc Hull (FOB) and Data

Envelopment Analysis (DEAl tec!miques. Both input-inefficiency (excess input

consumption to achicve a level of output) und output-inefficiency (output shortfall for
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a given Ic\'el of inputs) ar~ scor~d in a sample of 140 countries \'-ling data from 1996

to 2002, '1he second part of the paper s~~k<;to explain the CW<;S.COlllltryvariatllln in

efficiency score, ~olllroll;ng for ~tl\'ironmental variables, Results show that countrics

with higher expemlitlll'e levels register lower efficiency scores. Other variahlcs thaI

explain crOSS-~OllJltrydifferences arc the share of total sen icc pro\'ision that i,

publicly fmanced (negatively associated "itll eHiciency 1. the uegree of urbanization

(positively correluted with efficiency), the prevalence of the H1VlAlDS epidemic

(tlcgmivcly nssociatcd \\,ith efficiency scores), incomc inequality (higher inequalily

as,oci~l~d with lo\\'er efficiency), and the degree of extern~l aid financing (ncgal; l'cIy

associated with efficiency) ,

Holvad in his paper [47] presents the result> of an analy,is of efficicncy patterns for

NOl"\wgiall b"s companie, using the non-pJrametric techniqucs DEA and FDH.

Overall, the paper hus demonstrated that it is feasible to use these techniques to

examine the productive performance of bus companies. In particular, the application

has shown that DEA and FDH can provide useful information regarding the efficiency

pattern" "lhis information relates both to lhe industry <IS\vell a~ to the indIvidual

companies. In the Norwegiml bus industry a relative high inefliciency le\'el \vas

delected, Obviously, the efficiency results depend on the technology assumption used.

However, the difference between DEA-C and DEA-V was relatively small indicJting

a high level of scale efficiency. In contrast, the change from a DEA to a FDB model

reslllted in signilicant changes in efficiency level demonstrating the importance of the

conYexity aSSllmption. In the paper it was also shown the significance of slacks in the

input, and/or output, emphasizing the need for careful analysis of observations with

cfficiency scores equal to one. The scope for providing valid explanation, of the

efficiency pallerns was examined, where the rcsearch revealed that a relative simple

model with four variables could explain around 85 per cent of the variation in

efficiency. fulure research could consider the extcnt"to which it is possihle to develop

alternative output measure, in order to allow for consideration to the q"ality of the

bus ,ervice provi,ion ill the measurement of efficieney_ Furthermore, at a more

theorelic level it could of importance to examine the scope for converging non"

parametric approaches towards parametric approuches Jnd vice versa. Indeed, it could

be of imporlance to develop nonparame(rie efficiency measurement techniques with a

stronger statistical basis, Similarly, pos"ible improvements in the parametric approach
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could accommodate for more I1c),iblc fundionill forms concernmg the linkage

bctween inpllls and ontpuK

,,'laria et eL in thcir papcr [70] cstimatcs the lJEA tcchnical efficiency for 4796

Brazilian municipalitics by apP!)'ing a "jackstrap.' mClhod. which combines BootstnlP

and Jackknife re-sampling tcchmqucs .to ..eliminate. the effect of outliers and

measuremcnt errors in the data set. For that plltpose a m'o-step proccdure is used'

first, le\'erage value i5 calculated for each municipality in order to id~l\lify potential

outlicrs; ,econl!, CCR and I3CC efficiency score, was computed by excluding (using

different probabilit)' schemes) tho,e communc, which presentcd the highest b'erage,

The computcd efficiency scores, as well as their rank, proved to be vcry robust for

both variants, thus increasing the crcdibility of the estimated frontiers. Corl'Oborating

pre~ious resuils. efficiency results for the Brazilian municipahtics show a clear

relationship bet\veen the sile of the municlpality and its efficicncy scores. Indeed.

under both DEA variants, smaller Cilic; tend to hc less efficient than larger one, hcnce

indicating thaI the quality of the frontier adjustment improvcs significantly a, the size

of the mnnicipality increases. There has been an argument that may explain 10 some

extenl these findings, sueh as economies of scale, the exeess spending due to

substant;al royalties. and underestimate of population due to tourism. However, such

effects require further, more careful examination, It should ;Ilso be noted that

inefficiency of some municipalities may be due do exogenous factor~ that cannot be

controlled, sueh as natural and climatic factors, political issues, demographic and

socio-economic characteristics that have not been taken into account in our analysi,.

Therefore, the natural eXlcnsion of our current investigation \vould be to separate the

effects of thc exogcnous factors from those related to lhe technical a~pccts of thc

productive process, in order to obtain a "pure" measure oftechnieal efficiency for the

Brazilian municipalitics, Finally, because of thc shear size of the data set, it is

impossible to include here a table with our final eflicicncy re,ulls for all the

municipalities.

Poitras et eL in their paper [88] narrates that available studies have not pl'Ovided a

satisfactory answer to thc problem of making intemational comparisons of port

efficiency. This study apphes data envelopment analysis (DEA) to provide an

efficiency ranking for five Australian and eighteen other inlemational eontainer ports.
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While DEA hi!> been applied to a wide number of different situations wher~

er1iciency compari~ons are required, thi5 techniqllc has not prc\'iously been apph~d to

ports. The DEA technique i, useful in ~sol\'ing the measmement of port efficiency

because the calculations are nonpafarnetric and dll not require speei!iciltirm or

knowledge of a primi welghts for the inp"Ls Ofoutputs, as is required for estimation of

efficiency using prodnction functions, One Australian porl, Frcmantle. is found to be

the most inefficienl port in the sample nsing both constant and variabk returns to

scale assumplions. Two Australian port" Sydney and Hri,bane were ii.lllnd to be

efficient independent of the retmm to scale assumption. indicati ng th"t port size alone

j~not the primary determinant ofporl efficiency. Adelaide \vas found to be effiCIent

with variable returns to scale, but had one of the lowest ef(iciency scores with CCR.

The remaining Australian port, MclbollTl\C, also exilibited a sizable change in

efficiency score. being efficient \vith variable relllTl\Sto scale and having an efficiency

score of .5778 under CCR. The primary contribution of this study is methodologicaL

It demonstrates that DEA provides a viable mdhod of evaluating rdative port

efiicieney. DEA has recently been succe,sfLllly applied to a number of differenl

economic efficiency measurement situations. The tedmiqL1e offers a significant

alternative to elassical econometric approaches to extracling efficiency information

from sample observations, such as the use of stochastic frontier production runctions,
ImpOitant features of DEA are that the techniqne is nonpafamctric and that more than

one output meawre can be specified. In the case of port eHiciency. the ability to

handle more than one output is particularly appealing because a number of different

measures of port output are avaibble, depending on which features of port operation

are being evaluated. In addition to providing relative efficiency ranking,;, DCA also

provides results on the sourees of input and output inefficiency, as well as the port~

which were lLSedfor the efficiency comparison. The ability to identify the sources of

inefficiency could be u~e!tll to port authority managers in inefficient ports, aeting as a

gL1ideto focusing efforts at improving port pClformance.
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3.2.6 Manufacturing Firm8.

Some of the works based on DEi\ have been also li.llLndin the manufa~tllring 8eclor,

[3\, 36, 41 ,46, 64, 76. 79, R1, 89. 99, 102, \ 04. \08. 1\2, 124, \27].

Fanchon in his slUdy[3\] establishes two poinls: (\l it i8 inapproprial~ to include the

lagged value8 of the variables for meawring efficiency, ami (2) expendItures on R&D

on advertising have only a shorHeml effect on ,ale8. These findings can b~ explained

by the rapid duplication of itUlovations in comput~r de,ign. which docs not seem to

give any llnn a lasting competitive edge. The absence of lagged variables can ulso be

explained b} the fact that most of the inno\'utions occur in chips or components

design and computer manufacturers simply bcnefit from advances in other industries,

Only two firms do not benefit directly from the Intel-Microsoft alliance: Apple and

Sun. Most of the companies \\,ho entered the PC market after 1990 did not survive

(ALR, AST, Northgatc, and ZEOS). Many firms were bought, mcrged, or went

bankrupt. However, the recent market consolidation cannot be explaincd only by the

demise of incfficient firms. Only a few of the 43 original firms from the Standard

Industrial Cla,sificatiol1.\ 3570 and 3571 ",'ere able to maintain productive cfficiency

throughout the time.period 1979.2000. Many of the olher fimls gradually shifted their

production aw"y f!'Ow personal computers. Thcse firms. \\,ho now produce vcry

<;pecialized computers for illYentory management or animation services, havc assets

and advertising strategies Lhat are too spcciali/.ed to b~ comparcd with that of othcr

major manufacturers. Because their market share is minllscule, thcy were excluded

from this study. In addition, several data points for the major manufacturer, could not

be u,ed for lack of relevant or reliable data, Six of the ,urviving pcrsonal computer

manufacturer> with a market share consistenl!y greater than onc percent have

maintained a high level of technical cfficiency, with the exception of Apple.

Successful finns were not all efficient in thc use of the tluee inputs selected. Their sub

efficiency can be cau>cd by periods of intense advertising campaigns or by a major

investment in capital (for example, elimination of sockcts on the mother-boards and

tbe rapid trend to miniaturi7.ation induced major invc8(ments in spcc.ialized machines),

Stlch is the case for Apple, who developed the i-).1ac and Titanium notebook, and

DellS who had to cstablish itself through strong advcrtising. It is unclear whether
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thcIC short-ICrrn inef1icicnci"s will generate to long-term hel1c1ilSthrough economies

of scale.

Forstner in his paper [36] has argLled thaI DEA i, an acceptahle tool for analFi~g

economic performance at CGlllltry level when compar,'d with the growth accounting

and stochastic"frontier approaches. On~ drawback of the standard DEA is that thc

method allows countries to lose knowledge about production l~ch~iqucs. This kind of

memory loss is implaLl,ible and causes imccuH\te measurement of technological

change and technical-efficiency change. A" a consequence, a country appear, as

performing exceptionall)' well in tedmical efficicncy "ilho<.lt actually having

improved at all. This bias OCC\lr~whcn the country i, located in a region where the

world technology frontier is receding. The amendment to DEA propo;ed here and

called Long-Memory DEA (LMDEA) imposes on countries infinite technological

memory in concordance with the nat\lre of knowledge. The yirtues of this amendment

are twofold: First, LMDEA, by retaining all previou,l frontier point;, prevents the

technology frontier from moving inwards and thl'; preserves knowledge about

production tedmiq\les. Second. it avoids overestimation or technical-efficiency

change duc to memory loss. The figures Jor TFP-change are in principle identical for

DEA and LMDCA with occasional small differences. Thc view taken here is tbat if

the focu~ is on productivity alone, standard DCA is viable. In order to illustrate the

risks of using ~tandard DCA. and the virtues of u,ing LMDEA fur the purpose of

evaluating various countries' grO"1h perJonnance. rfP change and changes in

technology and technical efficiency were computcd using both methods. Among the

most striking results of this comparison is the fact that for African countries technical-

efficiency change is grossly exaggerated in DF.A estimates. And for countries like

Kenya or Zimbabwe an improvement in tecbnical efficicncy suggested by DFA

figures is actually turned into deterioration when using LMDEA. Similar examples

arc found among 'other' developing countries, "here several instances of positive

technical-efficiency change assessed by DEA tl.lill negativ~ "itl! LMDEA Thc results

of the present paper also largely corroborate the finding,; or Fare et al (1994) that for

OECD countries TI'P grov,th were ba,;ed on innovation. Finally, as an important by-

product, the paper ref\ltes the idea that the Asian 'Tiger' economies b'Tew only by

means of factor accum\llation. It show' that, to the contrary, there was considerable
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TFP gro\\,th involved in the gW\\1hof these economies, and lhat thi, component was

mainly the result of improvements in teehnical eflkict1C}.

Gavirneni presents a case s!udy [41] in the n~me of Applichem abo\l! ,1multinational

~hemical company, with ;ix manufacturing phml\ located all ovcr the world Thc

manufacturing plant:.' efficiencics ar~ highly varied and in thc pre"ence of cxces~ivc

capacity, management i, having a dillicnlt time determining which plant, must be

shut dovvTI.This c,,-,e is often ,llldied from au optimization perspedive. \\,ith the

objcctiv~ of matching cnstomer demands with plan! capacities at the lowe,t possible

cos\. The case involves multiple measures of performance (e g. labor cost, material

co,t, etc,). which makes it ideal for introducing and demon,trating DEA from a

practical perspcctive. Thi, paper details how such an analysis can bc presented in a

busines, clas,room.

Hll et el [46J in their slL1dydiscusses fi've approachcs that were widely uscd for

performance mcasuremcnt and decision anal},is. They are: I)Data Envelopment

Analysis; 2) Analytic Hierarchy Process: 3) Grey Relation An~lysis; 4) Balanced

Score Card; and 5) Financial Statement Analysis, Ea~h of the fivc approaches has its

limitation in applicalion, Yet, each of them has iLlstrength. Thi, ~tudy aim> at finding

out the differencc of the five approaches in application on pcrfomlUnccmeawrcment,

their respccti,-e" charactcristi~s and "appropriateness in application-'_ Based on the

re,u!t of this study, the O"\'Ilersof small and medium enterprise> in TaiVvanmay be

able to find out an approach appropriate for thcir respective diagnosis and measuring

of performance of the firms. Basing on the result of this study, the owners of small

and medium enterprise~ may not bc easy to choose an effective method for

performance measurement for their r~specti\'e diagno,is of the firms. In summary, no

single approach is perfec!. There is a saying that "whenever there is an advantllge. it

entails a dra\vback". Only when the approaches can complement each other over time,

so as to avoid the shortcomings, can the e'valuation of performanc~ over specific

issncs be donc appropriately.

Los et el in their study [64J provides an empirical framework to study the labor

productivity grovvth performance of countrics, Innovations for capital-inlensive

teclmologies wili not affect the performance of capital-extensive technologies, and the
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otller "'<IVround. The model h", b""n lls~d bl' l'elaxi~g the nssumption of immediate. .
spillowrs. A~ a result, many coun(rie, perform ,vell below the belt pl'actic~ at similar

technologies. A decomposition fmme".ork suggested hy tile augmented BW-model

was implemented by estimating a global prodllctioll fro~tier, \\ihieh indicale8 for each

technology the maximum labor productivity level at which it cun bc opcrated. giwn

the knowlcdge a\ ailahle at that timc. Aclual labor _produclivity growth wus

decomposed into the erfecls of assinlilating knowledgc pertaining to particular

lechnologie~, creating potential to bendit from mor~ produetiw l~chnologie5, and

localiled innovucion. Analysis of convergence pl'Oeesse; suggests that loealized

inllovation eauses a tendency towards "hl'el'gence. At low levels of capital inlensity,

hardly any i~novation "\"as fO\lnd, whereas lhe frontier wa,; steadily pushed at high

capital inten,ities.

Mohammad in his paper [76J analyze8 thc changes in productivity of Malaysian

mobile telecommunications indmtry from 1996 to 2001. The data con,ist of a panel of

five mobile serviee providers in Malay,ia, namely Cdeom, DiGl, Maxis, TimeCel

ami TM Cellular. Productivity is mea;ured by the MalmqLlist index, using a Data

Envelopment Analysis (DEAl technique. Th~ Malmquist prod\lclivity mcasures are

decomposed into two components: efficietlcy change and technical chang~ index. The

re,lults showed that Total Factor Productivity (TI'P) has inneased ,ignificantly for the

whole industry in which technical change ha, becn the most important source of

productivity growth to the mobile lelecommunication, industry. A low level of

efficiency change lD the industry indicates <Igreat potential for the indu.ltry to increase

it, productivity through highel' utilization of technology as well as technological

kno\\iledgc disseminatio~. Continuous training programs to familiarize and improve

technical expertise appear to offer better prospects for thc mobile telecommunications

industry to achieve greater productivity grO\"th.

Mukherjee et d. in their paper [79] evaluates the perfoffilance of firms, efficiency in

particular, in thc frllll1ework of reSOllfec-bascd view or the firm, increasingly

important school of thought in strategic management field, to addre.ss the question of

".hy some finns are perfoffiling better than others. As a research setting the study

compromises the sample of firms in textile and clothing indus If)' for the time period

1998-2001, <lcross two distinct countries - Poland and Spain. III particLilar, this paper
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i, analyti~all}' linking th[~" important conc"pl' of rcs(lllr~~"based \'lew, meamng

intanglblc a<;seK tangible alSd\ "nd lirllls' nge wilh elTieiency. III addition, the

resull<; wcre eompm~d whcn applying another mea<;ure of pel'flmnanee, used vcry

llfl'en ill RI3V studies _ rdurn on asset'; (ROi\), 1 he results obtained with ~fficiency

~s depemlelll \'ari"hle ,eem to be morc rdc\'ant th,m th~ on~s when ROA was applicd.

Thc study opens a wide area for futurc l'e~Garch.

Nguyen et el in his paper [81] uses both parametric and non_pal'<IIlletricapproaches to

estimate lechnical cfficiency for 2,298 cOllsttLlctiQnfirms in Vietmlm in the database

of the 2002 Economic Census for Enterprises by th~ Gencral Stalistic<; Office of

Vietnam. It is found that re;ults from both approaches are consistent. and thcy could

help explain thc performance cfficicncy of the,e finns, Estimales from the

nonparumetric approach data envelopmcnt analysis and lhc parametric approach

stochastic frontier production function indicatc that the average pur~ technical

efficicncy ofthcse firms was about 60 percent (58.6% and 57.8% for OEA and SFPF,

resp~cti\'ely). Models to test thc factors influencing efficiency scores in both

approaches show relatively similar res"Its thut stute fums wcre more efficient than

non-statc ones, and location in Hanoi and 110 Chi Minh city did havc impacts on

effieien~y scor~s, Ho\\'ever, cxploration of the nel capital-labor ratio variable show

thaI it did not inl1"ence efliciency s~ores in the OEA model, while it had clear

influence in the SfPF model,

In a dissertation of Preston University [89J the study identified those fa~tors perceived

by Wyoming state govenunem employees as most important to their overall

prodlletivity, In April 1996 and in May 1998 three hundrcd thirty two state

government workers responded 10 a survcy containing four open-ended questions

related to their perceptions of the best and most limiting a<;pect<;of their work. The

same survey was administered 10 91 state government supervisors in November 19n,

The surveys produced con~i<;tent re,u!ts, State empillyees identify their jobs, the

people thcy work with, helping olhers, making a differen~e and the opportunity to

learn as the best aspects of their work. State workers say th~y are limited in their

ability to perform the most productive work by poor management, un~ertain policies

and priorities, poor communications, bureaucracy and politics Lack of training, la~k

of rewards and recognition, and high workloads were -also ciled as limiting factors to
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their prodlicLivil}'_Supel'Visors identity politic~ and bLlreullcraey, inadequate pay and

bcnefits for workers, pCJor lcaderjhip, lack 01- tru<;t in upper.kl'd leaders and

inadequate staffing as must limiting t() pr()ductivity in ~tate government 1'0 improve

prnductivity, tlle work force wuuld improve communications, pro\idc incentives and

re"al'ds, trai~ ml1r~, huild t~amwork amI set clear goals und l1hj~clives, The

sup~rvisors w()uld increase pay a~d be~ditj. support and rcspect st~tc employees.

improve leader~llip and eommllnication, give managerj more flexibility \vith fewer

controls. imp\Ove the perform,mec appraisal syslcm and make it caskr to remove non-

performers_ The fa~tors affeding workplace productivity in Wyoming state

governmcnt are eongment wilh the dassic motivation theories of Maslow and

Herzberg. as well as with the principles of management described by Mintzherg,

Peter" House and Drcssler. TI,e natl.lrc of thcse findings indicates a strong potential

for increased prnductivity within Wyoming State Government: that increasc could be

achieved with minim,ll financial inyeslm~nt. Systematic application of time-te<;tcd

motivation principlcs, together with highly focused implcmentation oftru£ managerial

activities wOl.lld r~,ult m significant improvements in overall output from ~tate

government employ~es.

Rimkuviene in hi~ paper [99] carry out a ,tudy in order to inv~,tigate the current

statns of operation management for companies in free trade zone, 10 e\,aluak the

operation performanec for each company, to obtain an insight of how each company

performs, and to provide a guideline of improvemcnt direction for each company and

the free trade zone. In this study, it wus surveyed and collected management data from

companies in free tradc zone in Taiwan. The results obtaincd include potential

improvement, peer contribution, input-output contribution<; for each company, and

total potential improvement. The obtained results ,Llggesl that there ex;~ls a great

potential of improvement for many companies.

Rocha in his puper [102] disc\lsse, the benefits of integration companies-suppliers top

thc stratcgic agendas of managers. Developing a system showing which suppliers

merit continuing and deepening the partnership is difficult because of the large

quantity of variablcs to be anulyzed. 1he mtcrnationaIilcd petroleum industry,

requmng a lar~e varicly of materials, is no different. In this context, the Brazilian

company PETROBRAS S.A, has a system to evaluatc it5 suppliers based on a
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COrlsen-;usp"ncl formed by it> managers Thi" paper sh0\\(s a two phas~ mdhadology

for classifying and a\\(an.ling suppliers \L~ingthc Dt.A model Firstly, the supplicrs are

classified according to their efiiciency based Orl conlffiercial transactions realiled,

Secondly they urc ciassifieu according !L) the opinIOns of the managers, n5ing a DF.A

model for calculuting \'otes, with the assurance regiolls and super efficicncy dcfming

the b~st suppliers The paper presents a ca<;e study in the E&P segment of

PETROBRAS and thc results obtained with the melhodology.

Saranga et el in their puper [1041 applies Data Envelopment Analy<;is on a sample of

44 listed compani~s that have survived thc pa,t one-decade, to d~tennine the best

practices if any in the IIJ(l!an Phurmaceutical Indu>try. The results of DEA have becn

analyzed along with their Compounded Annual GrO\~th Rate (CAGR) \0 see if

internal cfliciencies and erovvth rate arc related in the Indian Pharmuc~uticallndustry.

Regres>ion analysi; is used 10 see the correlations bel\veen various inputs/outputs and

the gro\\,lh rates_ Various 11l0dels of DEA like Constant Retun1s to Scale (CCR),

Variable Returns to Scale (BCC) and Assurance Region (AR) arc u,ed to &ubstantiate

the results obtained.

Sirasoontorn [108] in his paper aims to cval\latc the technical efficiency of Thai

electricity generation under public ownership, Tcchnical efficiency is measured

cmploying a comparative application of nonparametric and panlmctric approaches.

namely Data Envelopment Anal}',is and Stoehaslle Frontier Analysis rcspectively in

hllo separate cases: Thai and Au,tralian power plants and electricity supplicrs in

variou& countries. The results from inter-country comparison show thut the Thai state

o\~lleu elcctricity generating company is on thc frontier and performs bettcr thun other

electricity suppliers in OECD and non-OECD countries on averagc. Implications for

the analysi\ of privatization are discu>sed,

Stokes et eL in their paper [112J uses (hc Da(a cnvelopment analysis (OEA) to

examine the efficiency of 74 front wheel assist agricultural tractors from three U.S,

manufacturers. The outputs of draw bar hor~epower and powcr takeoff horsepower are

modeled in a constant rcturns-to-scale Ji-amc\\'ork using three productivc performancc

inputs (file! consumption, slip, and center of gravity), and one price input, namely,

retail (ractor price_ The results suggest thaI by and large, John Deere tractors are more
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DCA dlLcicnt than theit compctitor"s tractors, Howcver, competitor's tractors that arc

DEi\ efJici~tlt ar~ most often the top hcnchmarks for DLA inefficient tnlClOrS,These

re>ults suggest thm whilc John D~ere appears to produce many quality tractor,;,

competitor's like CNH and AGCO produec a few tractors that may be of even highcr

quality. It is onen said that the green paint on John Deere tractors adds price/\'ulue,

An analysis of tractor data Ii:om various U.S, manllfaeturers reveals that JOM Deerc

tmctors ar~ generally more DEA efficient that their eompetitor's tnlctors in using

productive and pl'ice inputs to generatc horq~power output. Thi, result seems to

suggest that while John Deere tnlctors may have bnlnd appeal, on average, they are of

high enough quality to justify a higher price. However, this is not to say that AGCO

and CNI.I tructors are inferior across the board. In fact. a Massey Ferguson tractor

(made by AGCO) and two CNH t1'act()rs(a New Holland and Case-II-I tractor) are lOp

benchmarks for the majority of DCA inefficient tractors. Despite thc generally high

quality of Jolm Deere's product a, measured by DEA efficiency, competitor tractors

are often times the inuu,try standard. Preliminary results suggest that the DEi\.

methodolog)' cOllld be u,~d a<;a product planning lool, particularly when interfaced to

computer-aided enginecring methodologies, for agricultural tractor development.

therefore the DEi\. ~ould serve as a gllidc to optimize future prototype tractor model

development, particularly in terms of tractor architecture to evaluate fmm and

function con>iderations.

The objective of the the,is 01 "iu et el. [124J is not to detcrmine the optimal meaSLlTe

of economic efficiency, but rather to use Data Envelopment Analysis (DEAl to obtain

efficient solutions for multi-objective linear programs by separatiug elTicient from

inefficient organizations. Thi, is a convenient \\(ay for decision makers to choose

within ~0mpleX environments. The thesis devc10ps a three-stage algorithm to gcnerate

a company competitor ligt and then evaluate, 50 companies sc1ected from the Taiwan

stock market (TAIEX). 17 efficient companies are selected through DEA Model,

while 33 companies are defined as inefficient units based upon their relative angle of

profitability. All companies are treated as independent Decision-Making Units

(D:MU's). DEA is used to evaluate the per[()nnanee of 50 listing companies in Taiwan

stock market in 1999. Using the Banker, Charnes and Cooper (1984) model in DEA,

the results are obtained of efficien~y scores and retw:ns to scale of 50 samples.

Empirical results generated from this study compare both profitability and
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mmketability between "h,-tech" and traditional comp,mics in Taiwan. Thesc empirical

result> indicale that there i~ still some deviation within Taiwan ,toek market

performance (i.e. relalively more efficient hi-tech imluwies tend to exhibit superior

profitability, ».hile traditional industries neverLhelcss demonstrate supenor

marketabilit) even at the end of 1999)

Zheng et el [127] their stud} ~ays that with respect to technical dJicicncy, relatively

large TVEs(Town-Village Enterprises) surpassed SOEs(State Owned Enterprises) by

a large margin during the study period (1986 -)990); urban COl-'s were Ie,s emcient

than TVEs, but more efticient than SOEs. Howevel', these results ~hould be

interpreted ""ith caution, beca\lse there are other factors (such as the differences in

produd quality and in input and output pri~ing acros, ov,mer:<:hiptypes) that were not

accounted for in thc study. Thc scale of production was also positively correlated with

technical efficiency. Coastal provinces were preponderant among the most ellicienL

The proportion of nonproducti> e labor was not highly correlated with teclmical

cfficiency, bllt the proportion of nonproductive ~apital was positively correlated with

technical efficiency at a high Icvel of statistical significancc and with considerable

magnitude. Some important explanatory variables in the regression analy,is were not

statisticlllly significllnt, induding the one related to nonproductlVe labor and those for

types of management system. Thus, investigation on the impa~t of managemem

reforms is thus inconelusive, partly becau,>e of data problems but mainly because of

limitations of the method, used. Beyond that, comparative static and even dynamic

studies of management refOmlS are required. To obtain more significant parameter

estimates, the entire data-set for the 39 two-digit industries (covering 148 three-digil

indu;trie~) could be utilized by forming a DEA fromier for each industry (three-digit

or t"o-digit) and then by pooling the efficiency scores from all industries to perform a

regression analvsis as in this ~tlldy. The difference in technical efficiencv between

SOEs amJ COb is intere,ting. Given that larger size has no negative effect on

technical efficienev, small scale COEs are stJlI morc emcient than small-scale SOEs

because small SOEs are larger than small COFs, on average. Further analysis of the

impact of management reforms on small SOEs ~hould be conducted.
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CHAPTER IV

PRODUCTIVITY MODELING IN THE APPAREL INDUSTRY

4.1 TECHNICAL DESCRIPTION OF APPAREL INDUSTRY

Apparel i~simply clothing ()l' dre,ses meant for mainly cCtvering outer hody or

wearing lUlder the main dre" also for the purpose of enhancing beauty or fashion.

Apparel may be broad!)- clas,ificd into three categories: \vo\'en, knitting and

sweater. "j raditionally, in these three categories have been merged into two

associations: one is the BRngladesh Garment, Manufacturer, and Exporters

Association (B(jMEA), whose members arc the woven and sweater manufacturers

and the other is the Bangladesh Knitwear Exporters Associations (BKMEA),

whose members are the knitting munLifucturers. The term garments usually covers

two type, i.e. the »'oven fabrics and lhe swcaters. Du~ to thc advantage of cheap

labors forces of thc country lhe cutting and making process has gained popularity.

Thus the garments industry rna) be defined as an establishment "herc fabrics are

cul and sewn to the desired Shape5 and sizes and convcrted to gunnents as per

requirement of the bLl~u. further, BGMEA has categorized its mcmbcr

organization> based on the nLlmbcr of machine utilized to carr) out its produ<:tion

pwce~ses us the following:

Table 4.1: Annual Fees based on number of machines.

SI# Numher of Maehine~ Annual Fees

1. It0100 Tk,50001-

2. 10Jt0200 Tk.70001-

] 201 or more Tk.120001-

Also the factories may also he classified based on number of production lincs,

There should he at Icast tluee produclion lincs, Large factories usually have ten or

morc production lines,
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The garments induslry is ba<;icallya culling, making and sc\ving fa~lOry, lIlilizing a

great numher of labors and very simple machinenes. The sewing section is the

heart of the fac10ry atld the wholc pwduction is largely dependenl upon the

utilization of ski Iled and scmi-skd led labot's flwl thus the prndllctivilj' of the whole

faclory happens to be largely dependent on the productivity of that section, In

somc cases more value additions are made when -fabrics are produced in house

through thc processing of yarns, using the knitting machines.

The various activities may be termed as under:

1. Kuittiu!: section: Different sizes of yams are the input (raw material), where

circular knitting machines arc used to convert thc yarns into the desired \vidth

and colors of fabrics of various textmcs. A few numbers of skillcd workers are

needed to operate the machines.

2. Inspection and eutting section: Here the fabrics are checked for various

defccts and thc fabrics which are found to be within the allowable limits are cut

10 .\peciiied shapes. ln a large table fabrics are laid down and fine cutters are

used by worker~ to cut thosc fabrics into desired shapes and required number of

pIeces,

Table 4.2; Layout or Inspection and cutting section.

M"" Operation Machinc and Tools

Sample master Sample making Electric Cutting:

Marker man Marker making machines

Layer Laying of Fabrics Clippers

Clipping fabrics with table Chalks

Cuttcr Cutting Art Sheet fOt'patterns

Worker for Numbering Ne\\i~ paper

nLlmbering the parl~ Marker Pencil

Bundling Bundling and sorting

Storing and

Transportation
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3. Sc\\ing section: This section is the heart for any garments industry. Hcrc the

productiall prO(:es,>csarc channeled through diffcrent production lines as p~r the

in,talled capacity of lhe factory. In each line lhe cm pieces ar~ <;~\vntogcth~r to

lm\ke the product (e.g. shirts, trousers, elc.), Various stitches are applied through

sewing machincs. Helpers are arrangcd to seat be,ndc the main \\orkers so lhut lhe

tatal required work could be accomplishcd \\iithout any hindrance, Sequentially

on~ aftcr another part is completed and accordingly after completion of prior fixed

of onc sct of slit~hes thc output is pass on !O the next upper stream. Thc total

proce>s for making the desired shape of product i> complct~d in cach line. There

may be rework which is fed back to thc linc, The main works arc sewing the

garments purts, attaching accessories such a,>elastic. draw cord. ripper, button, cyc

!cts, labels by machines ctc,

TaMe 4.3: La}'out sl",ing section.

Man Operations Madinc and T(I(lh

floor-in-charge Sewing Single l\"cdlc machinc/

Linc Chief Rar-Taking Plain Machine

Supervisor O"er Lacking( Lock Doublc needle machine

Quality checker Stitch) Bar tak Machine

Machine Operator Rutton Fixing

Operator's helper

Marking man

In each production line the distance bcl\veen the machines should be 36 inches and

the distance between thc production line,>should be 36 to 42 inches. In this way thc

total floor area can be divided into required number of production lines or the

required amount of floor space ncedcd can be obtained by multiplying with

number or production lines.

4. Fillishillg and packing: Thc final product is then ironed, packcd into poly

bags and put inside a carton of required number of pieces, which is now ready for

delivery.
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Tahle 4.4: Layout of Fini,hing and Packing.

Man Operation Mlichille and Tools

Hoar-in-charge BarTaking Iron

Line Chief O\'er locking Single needle machine

Supervisor Button fixing Double ne~dl~ machine

Quality Check~r

Marking Man

There ar~ many factor~ or eonstrJints which are b~y()nd the control of the factory

authority. Some examples could he the w~ather condition, market volatility, supply

of raw materials. But the most critical among these are supply of skilled

manpower. An estimate is given below which has be~n obtained enquiring relevant

per,ons from various factories.

Table 4.5: Plan for making hasic shirt for hourly 100 picces of production.

Name of the Machine Quantity

P.M: Plane Machine (se\\.ill'" 23

OVA: Over lock (sc\vin~) 3

Button Hole (hole making) 1

TOTAL MACHINES: 27

Desionation of the person Relluired Number

Line In charge I

NO.ofSunervisor 2

No. of workers 27

No. of Helpers 27

TOTAL MANPO\'/~.R: 57
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OUTPIJT
TABLE

HEM(PM)

COLLAR INSPECTION
TOP(PM) TABLE

COLLAR COLLAR
TOP(PM) JOIl\'T(PM)

SIDE SIDE
JOINT (OVA) JOINT(OVA)

ARovlHOLF. AMI HOLE
TOP STlTCH(PM) TOP

STITCH(PM)
FRONT SLEEVE
TOP JOINT(OVA)
STlTCH(PM)

FRO;-"'T FRONT
JOINT(PM) JOIl\T(pM)

POCKET POCKET BAl\'D
AT I'ACH(PM) A1 TACH(PM) JO!NT(Pt\1)

POCKET INSPECTIOl\' BAND
ROLLING(PM) TABLE JOINT(PM)

BACK FRONT COLLAR
TAKEN(pM) ROLLING(PM) TOP(PM)

BACK YOKE BACH COLLAR
TOP STITCH(PM) YOKE JOIn! (PM)

JOI1\'T(pM)

LABEL LABEL BAND
ATIACH(pM) HOLF. ROLLING(PM)

ATAACH (PM)
BOX
PLATE(KANSAI)

Figure 4.t: Sequences showing production flow chari for one production line
to manufacture basic shirts.



4.2 DEVELOPING THE MODEL FOR ASSESSING THE

PRODUCTIVITY

In tIm ,tLldy the DEA technique is applied to cvaluate the efficiency of a numbcr

of garment producers, A typical statistical approach is characterized a.1a central

tendency approach and it evaluates producers relutive to an avcrage prod\lccr, In

contrast, DEA compares cach producer with only the "best produccr". In the Db\

literaturc, a prodL1ceris \ls\lally referred 10 as a dccision m~king unit (OMU). The

pwduction process for each produccr is to lake a set of inputs and producc a sct of

oulputs. Each producer hRs a \'arying level ofiuputs and gi\'e, a varying leveillf

outputs. Each factory has a certain llumbcr of workers, a certain square footage of

space, and a certain nL1mherof managers ((he inputs) Thcrc are a number of

measures of the output, including numbcr of basic shirts, polo shirts, 'I-shirts, etc.

The objective is to dctermine \\ihich indLlstries arc most efficicnt, and to point out

the relative efficiencie.\ of thc other induslrie,. ThroL1ghotit the study the term as

productive efficiency has been u,ed

A f\lndamental assumption behind this method is that if a given producer. A, is

capahle of producing Y (A) units of output "i(h X (A) inputs, then othcr producers

should also be able to do the samc ifthcy ""ere to operate efficiently. Similarly, if

producer B is capable of producing Y (il) units of output \vith X (B) inputs, then

other producers should also be capable of the same production schedule. Producers

A, B and others can thcn be combined ta farm a compasite producer with

compositc inputs and composite outputs. Since this composite producer does not

nccessarily cxist, it is typically called a virtual producer. The heart of tile analysis

lie~ in finding the "best" virtual produccr for cach real produccr. If the vinual

producer is bettcr than the original producer by eithcr making more output with thc

same input or making the same output with less input then the original producer i"

inefficient. The subtleties of DEA are introduced in the various ways that

producers A and B can be scaled up or dO\'11and combined.

This study consists of two-step analysis. In thc first stcp, productive efficicncy is

calculated for a certain period of time using thc DEA tcchniques and in the sccond
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step, regression anulysi<, \l'as carried out on a set of liml and fmn-specific

characteri,lie<; that ind\lde\ age of the workers. sex of the \\'orkers, level of

satisfactions, qualifications 0 r the workers. labor productivity, capital productivity,

social, and economic ch~l'Jcte",lics of fixed- and variable-input employed on the

lirm.

4.2.1 Basic Forlllulation~;

Here, din-erenl types of model> have been discussed tn order to determine the

productive efficiency for different firms.

Model A:

Table 4.6: Three inputs and oue output.

Firm Input(l) Inpul(2) Input(3) Output(l)

salary Factory Employees Production Qty

eost

I ", I Xli I ';, Yll

2 ", I XlZ I XiZ I Yll

J ", I X2J x)) y"
4 ", '0, Xl4 Yl4

5 Xlj Xl; Xl; Ylj

6 '" Xl6 XJ{, y"
7 ", X17 '" )'17

8 XIS '0, ';, y"

Therefore, the Combined or Overall Productin Efficieucy

L~=l(JrYrj

L~=lbiXU

where,
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XIrefel's to ,alary and overtime ~xpens~s in taka

X2refel'S to factory cO~b in taka

XJ refcrs to number of employees

VIrefcrs to output produced in a month in laka

j refers to thc number ofmQllths, i.e. fwm Junuary 10Augu,>t

a and b arc the common weights gi"en to oulputs unu inputs re:.pecti v~ly.

r refers 10 thc numbCl' of outputs

i refers 10 the numbcr of inputs

Model H:

(4.2)POl'factory I, the Productive Effiei~ncy is =

In the ubove model it is diffieult to justify putting common weights to the inputs

und outputs, whereas eaeh factory may value it, input, and outputs differently.

Thi, form of equation may be simplified by finding separately thc productivity of

each of thc factory and thcn ohtaining the maximal \'al\le among those factories.

The mathematical form appears to be as follow,:

I~=larYrl

L:~=lbi;ril

For factory 2, the Productive EFficiency i, = L:~=IQrYr2

IL1bjXj2
(4.3)

For factory 3, th~ ProuL1ctiyeEfficicncy is = I~=larYr3

I:=lb,-,;]
(4.4)

and so on.

where a, b,x, y, r,j have the usual notations.

Using the above model onc can easily determine the maximum value of the

productive efficiency among a nL1mberof production units.
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Model C:

The abo\'€ ratio form model can further be simplified and to reduce the

cumbersome calculation i" to set the denominator equal to unity. thus kaving the

calculation only to maximiN lh~ linear mathematical form of the numerator. Th~

objective now become, 10maximize the weighted ontpul under the condition that

virtual output does not exceed lhe virtual input for any industry,

Mathematieallv, which can be \witten as

to maximize the aggregale output L~"'lGrYrl

subjecl to

(4.5)

where, a, b, x, yare non-negative,

l\IodeID:

The main idea behind to maximize the productive efficiency i~ to decrease the

amolmt of input and still produce the same output, also to increase the outplll

keeping the value of input us before, II is to be noted here that the output slacks

will be equal to zero only if Y,l- Yj = 0 and the inpLll slacks will be equal to zero

ol1lyif&j-XA=O.

Considering equation 4,5 as thc multiplier fonn of the linear problem and based on

the above concepts of inpLl!and OLltPLItslacks an equivalent envelopment form of

this problem cUn be written as
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Min 0

subject to Y,i-Yj::::O

(4.6)

Where 8 is a scalar quantilY and refcrs top the v"llle of the cfficicncy score for the

j-th production unit and t, is Nx I vector of constants. The vaillc obtaiued will

satisfy EI.:::1 , with a value of unity indicating a point on the li:onlier and hcnce an

efficient production unit. It is mentioned here that thc mathcmatical equation hu\-e

to be solved N times. one for each unit and the e is then oblained for each unit.

Thi" envelopment fOlm has fewer conSlants than the multiplier fonn and hence is

easy to solvc.

Referring to the same data as shmvn in thc Table 4.2 \\\-0 simu1taneolI<;equations

for maximization of inputs and mmimlzation of inputs can be used to solve \0 find

the value ofthc productive efficiency.

For each firm the following LP formulations are required i.e. for firm 3(.~ay) the

equation will be as follow:

Minimize 8

Subject to
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). ::::..0 (4.7)

There arc two variations in analyzing the above situations, One is the constant

rerum to s~ale and other is the variable re!Clrnto seale. Constant Return 10 Scale or

CRS assumption is unly appropriate "hen all firms are operating at an optimal

scalc. Imperfect competition. constraint on finance. etc. lllJY caw,~ a firm to be not

opcrating at optimal scale. At thi,1stage an important consideration is needed to he

given emphasis, i.e. about the input or output orientation. In input Ol'iented models

the aim or process is to scek to identifY produdive inerl1ciency a, a proportionJI

reduction in input usage, while satisfying the given !e,'el of output. It is also

possible to measure productlVe inefficiency as a proportional increase in output

production. The two measures provide the same value under constraint return to

scale. Aernally, the selection of orientation essentially lies on the judicious ehoice

uf the input or output over whieh the manager's most control over. One point that

should be stressed is that the output and inplll"oriented model, will estimate

exactly thc samc frontier and therefore by definition identify the same set or firms

as being efficient.

Model E:

The input oriented approach cunsiders the possible and proportional input

reductions while maintaining the current level of outputs. On the other hand output

oriented approach considers the possible and proportional incrcasc in outputs at thc

same time maintaining the currcnt Icvel of input>, Thus an additive model ean be

useful where reduction of the values of output slacks and simultaneously

increasing the values of the input slacks can be performed together.

With user specified input weight w 7 and w 0

eL[]] in the following form:
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//I S

max 2:>Tsj + L>~5~
;=1 r=]

subject to

":L)'jxij +sj =xio
1=1

"" " +L.AjYrj-Sr =yro
j=l

j= 1,2.-----------".,m;

r~'I ,2,------------- ,s;

(4.8)

4.3 FURTHER EXTENSIONS IN TERMS OF GROWTH

ESTIMATION AND SCALE EFFICIENCY.

4.3.1 Growth E~timarion

Alter having the values of productive efficiencies in hand one might BE interested

to calculute the changes i.e, grov,th/deeay of the productivity of the firms under

consideralion. Due to its inherent advantages, i.e. similar to DEA teehniques the

Malmquj~t lotal factor productivity (1}'P) indexes ha> been found to be u suitablc

tuull"or evaluation, 'lhe index is based un the concept of dislance functions, which

provide a very general description of the technology. Malmqui~t productivity index

allows decomposition of estimated productivity growth into technological change

and efficiency impro"emenl with further decomposition of the latter component

into technical efficiency and scale efficiency components. Grosskopf characterizes

productivity growth us "the net change in output due to change in efficiency and

technical change, where lhe former is understood to be the ehange in how far an
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obser"ltion lS from the fronlier of technology and the laller is understood 10 be
shifts in the production frontier".

Given the fact lh~t the output distance funclion is the reciprocal of the Farrell

oUlput-based meaSllr~ of lechnical effieienc}. the output di,tance function is

computed for each farm k' at time t under the a\slIlllption of CRS, givcn the

production possibility set St, JS a solution to the following linear programming
problem:

(D ;)(k t" ,t, yk', t ))-t=MJximize 8k
(4.9)

subject to 0 k y ~,I .:::
K k.l
LA Y~,I

k=1

K k,1
,\, k./ < xk',1
L./' Ym _ "
k=1

U"t~O

which is idcntical to Bee model and follows that 6k' is the DIcA me'lsurement of

the D ~ ( x ( , Y t ). Caves et al. (I982) define an output-based Malmquist

productivity index with rdercnce te~hnology in time p~riod t as

M'o
D'( f+1 1+1)OX ,y

'(' ,DO x ,y ) (4.10)

and an output-ba~~d Malmquist productivity ind.ex with referenec technology in
time period t+ 1 as

D/+1( 1+1 1+1)M1+1- 0 x ,y
o d+1(' ')o x,y (4.11)



To calculate lh~ change in product]"il)' for two diH"rent timc periods due to the

up".ard shift in the prndLlclion frontier ~ml!or change in the kchnology Fare et. al

specifies the modified M~lmqlLi<;tproductivity index as follows:

1/2
,

Do (xttl. y,t-1)

Productivity change- -------"-"~"-•. -.-- X --------------------- (4.12)
,

]) 0 (xt .y')
,.,°0 (XL ,y')

which represents the productivity of the production point(xt+ 1,yt+l) rdative to the

production point (x'.::"). A value greater than unity indicate positive growth from

period t to t+1. This index i, basically the geometric mean of the two output based

Malmquist TFP indices. One index uses period t technology and (he other period

t+1 technology. To calculate the above equation we have to calculate four LP

problems.

,
The CRS oulput oriented LP used to calculate Do (x' .y') is calculatcd as follows:

,
Do (x'.y')-maxO (4.13)

subject to .9y,'+Y,A2:0;x,'-X,A2:0; ),2:0

Like productivity estimation there are also two approaches for mcasurcment of

productivity changes between the two' consccutive periods of timc. One is

parametric and the other is non-parametric. In this chapter it is concentrated on the

same principle of avoiding the cumbersome statistical/functional relationship

between the inputs and outputs ofthc production quantities.

Basically, there are three difIerent indices available for evaluating the

technological changes: the Fischcr (1922), Tomqvist [1936], and Malmquist

[1953] indexes. According to and Gtifell-Taye Lovell [1996], the Malmquist index

has three main advantage, relative (0 the Fischer and Tornqvist indexes. first, it
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does not require the prolit maximintLon. or ec)st mi[!Lmization, assumption,

Second, it does not rcquir~ information on the input and output prices, Also, if

there are pand dalil, il allo\\'s the decomposition ofprodllctivity changes into two

component~ (technic,,) efficiency change, <)rcatching !Lp,and technical change. or

changes in the bcst practice). The necessity t<Jcompute distance functions i.1being

solved by applying the data envelopment analysis.(DEA).tuhniquc.

4,3.2 Scale efficiency

The naturc of return to scale I.e, increasing. decreasing 01'constant can be fOllnd by

calculating the scale efficicncy, Scale Efficiency rcfer> to the amount by which

productivity can be increa<;ed by moving to the most productive scale si7.e, The

concept is useful whcn there are multiple optima and does not require information

Onweight age valucs 1-1, v, or A

Mathematically this can be written as

,
Scale Emcien£)' = B;'CR

'BliCC

(4.14)

The above formula can be further modified when thc tv,;o concepts are

incorporated as follows, When a unit is operating as BCC efficient with constant

returns to scale i.c in the most productive scale ,izc, its scale efliciency is unity.

This constant return to scale efficiency score is called the global efficiency, since it

takes no account of scale effect a~ distinguished from pure technical efficiency

under variable returns to scale, Using thc above concepts, the scale efficiency

relationship demon,trate a decomposition of efficiency as

Global Efficiency = Pure Technical Efficiency x Scale Efficiency

!n abbreviated form this can be written as

GE=PTE X SE (4.15)



This decomposition depicts the sources of inerliciency. i.e, whether it is cuu,ed b}'

ineftieient operatio~s PTE or by disadvanlageous conditions displaced by scal~

effici~~ey or by both.

4.3.3111)lut and Output Stability Region.

Two paths may be followed in treating returns to sc~le (RT5) in DEA. The first

path, developed by Ftire el cl [30) determines RTS by a use 01 ratios of radial

m~asures_ ~lhese ratios m~ d~\eloped from modcl pairs \vhich {lilfer o~ly in

whether co~ditions of convexity and >ub-co~vexity are sati,fied. The second pJth

stems from work by Banker et e1[7J. This path. includes, but is not restricted to,

radial measure models. 1l extends to additive and multiplicative models as well.

and docs so in ,val's that provide opportunities for added insight into the nature of

RTS and its treatment by the methods and concepts of DEA As per the concept of

most prodnctive scale sile developed by Bankerl7J linear pmgramming modcls

can be designed to set the scale e!licient input or output targets Zhu [127].

"Min L )'j

j=l

subject to

" ,L )Pij ,.::;B xiO
j=!

"L AjYrj "2; Yra
j=l

i=!, ! ,----------m

r= 1,2, -----------5

(4.16)

where e' is the input -oriented CRS efficieney seor~,
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13aseu upon (hc optlm,lI ,'alues from the above eqHa(ion i.c. l:»' the MPSS

concept yields thc following scak- cfflcient targct for DMUu cOl'responding to the

largest

where - represents the target value.

If we change (bc minimizalion objectivc to a case of maximization th~ objcctive

changes to

Max (4,17)

subject to

, .
L A/:rij,,;B :riO
j=\

"L: AjYrj ;0:YrO
j=1

i=1, 1. ----------m

r=1. 2, -----------8

II)'" 0 j= 1,2,-----------n

Thcn we have the scale efficIent target corresponding to the smallest MPSS

(4.18)

The above form of input oriented can bc changed to calculate the model for output

oriented also.
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4.3.4 Caparit} 1)tilizatioll in terms of optimu m number uf IIrod"ctiotl lines.

In order to addrcss thc optimum 'p""c lltili7ation criteria first of all we have to

think about fi~ing the number of production !lne.1 in the existing floor space based

on the production output per day. The management usually thinks or plans to set np

the production line, ba,ed on th~ nllmb~r of quantities to bc produced and lor

number of workers available for utilizing them for pror.!uction.

We are of the opinion thaI based on the factory cost the number of production lin~$

are needed to be lix IIp

Total Expense for any factory ~ Direct 1.abor Cost + Factory Overhead7

Administrative Overhead cost

Total Expected earning ~TOla]E"pense-j 30 %( say) expected prolit8T otal

E"pense~B

Total Production Line (sav) = C (sav):
" "

Working day= 26 days per month

Therdore, Earning Per Line Day = B/ (26*C)

4.3.5 Style ofprodllcts in terms of Standard Allownblc j\liuutcs

Factory Efficiency based on SAM:

AC(LIaIOutput

Fact()ryefficiency

Targeted OutPlIt

Actual production rate per hour

At 100% efficiency, production rate per hour
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At 100% effieiency_ Producti011 rate per hour

=A,mbble machine minlllelSAM

=Numher 0 I"machines*60ISAM( 4.20) (4.20)

To get a parti~lLlar style of product order Ii-om the huyer, it is ess~ntial to analyze

the production cost of that particular prodllCt. In doing,o the SAM is calculated in

the pre-production meeting held wilh production people in the l'<lctory premises,

SAM i, basically the time needed to produce that particular type of g<lrmenK The

overall prllces, of production is to break do\\'n into it, individual components and

then time is calclliated to derivc the total time needed to complete (he product. An

example may be as fllllow>:

Tohle 4.7: SAM Cakulation.

SI# 1"\ame of the Operations Time ncedcd to complete

the work (Minute)

l. Shoulder At! T,
2. Neck Binding All T,
]. Armhole Binding An T,
4. Side Se<lm T,
5. Bllttom Hem To
6. Tack <ItArm hole, Shoulder T.

Total Time (SAM) (T,+T!+TJ+T4+ 1",+'1'6)

There <Ire also other Vv'aYsto calculate the factory efficiency ba,ed on the vallIe

obtained from \\'ork sampling procedure as follows:

Total number of working ohserved

Factory Efficiency = ------------------. •. XIOO%

Total number of ob,ervations

(4.21)

Where, Total number of observations= Total Observations - numbcr of idle time-

Workers !lot in position.
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4.4 SOURCES OF INEFfICIENCY

In ord~r to calculflte the ~(lurecs of productive inefficiency, output and input

efficien~y indexe<; obtained using DSA can be separately regre,sed 011 firm

specili~ ~haractcristics in order to identify sources ofinefficienc}. in the utilization

of input r~,ourees and maximization or outputs respectively. Among those the

prominent fu~tor5 which appcar to be needed in order to improve the productivity

of any firm the follo",mg parameters ha:, b~en identified those which might he

responsihle for positively or negati vely affecting it.

B~sed on the disCll,sion with the factory people a nllmher of factors Iist~d belo\\.

as<;umed to be affecting the productive efficiency as potential one,;

1. floor space utilized in the production process.

2. )\'0. ofv,'orkers employed.

3. Age of the worker,

4. Sex of the workers

5. Produeti\.e rating or ~kill-nes, of the workers

6. Ahsentceism

7. LaborTurnovcr

8. No. of machines uscd in the production process

9. Age oflhe plant

10. SAM of individual designs

11. Experiences of the Manager

12. Expericnces of the workers.

13. Factory Conditions.

14. Family conditions of the workers.

15. Level 0 f sati~ractions of the workers.

16. Workload of the indi, idual workers.

17. Compensation package orthe "llfkers.

18. Training needs.

19. Mode of learning skills and techniques.

20. Owners ,tyle of leadership

21. Si7~ orthe enterprise.
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It i<;to be mention here that for any app,,,e1 industry size is me~sured m thr~e

I. thc total output in terms of number of pieccs produced or the value in

taka of the output produced

2. the total numher of manpO\vcr employed.

3. the number of machines utililed.

Because efficiency measures range bet\\(een 0 ami 1, it is better to employ a t\\(O-

tailed Tobi[ mouel in place ofOLS regression.

The Tobit model takes the following form:

Efficiency 1ndex~ [J Xk + U.; (4.22)

Whcre thc cfiicicncy index is obtained from DEA, ~ is a vector of unknown

parameters, vector X contains independent variables hypOlhesi%ed t() be correlated

wlth ei1iciency, and U i, an err()r (eon that i~ independently and normally

di,tribuled ".ith mean zero and common variance 0.

The Tobit Model is an econometric, biometric model proposed by James Tobin to

descrihe the relationship between a non,negative dependent variable Y, and an

indcpendent variahle (or vector) x, The model supposes that there is a latent (i.e.
,

unobservable) variable y i. Tbis variable linearly depends on x, via a parameter

(vector) ~ wbich determines the relationship between the independent variable (or

wctor) Xi and the ]atent variable y Gus( as in a linear model).

In addition, there is a normally distribllled error term UJ to capture random

influences on this relationship. The observable 'variable YJ is defined to be eqllUl to

the latent variable whenever the Iutent variable is above zero and zero otherwise.
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[).'ih'~O, ,
•y~ 011'':1;::::0 (4.23)

• •where Yj is <llatent variable' Yi = B Xi + ll,
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CHAPTF:R V

ESTIMATION OF PRODUCTIVE EFFICIENCV

5.1 WINDOW ANALYSIS FOR 12 MONTH PERIOD.

The analysis \\ «0 carried om based in iU\lr types of models:

a) Constant Returns to Scale and Input Orientation.

b) COMtant Returns to Scale and OCltputOrientation,

e) Variable Returns to Scale and Input Orientation.

d) Variable Returns to Scale and Output Orientation,

Produeti\'e Efficiency Seores, Ranking and References. slack;, graphical

presentJtions of efficiency scores and overall projections for each type arc calculated,

These calculations are carried out Clsingthe software developed by Coopers, Seiford

and Tone [20].

The software rlms in the Excel worksheet. In the first column th~re should be the

name of the DMlJ and the sueeesqive columns v"ill contain the input and O\ltput

quanti lies respectively. To identify the inputs and outputs every mput shoClld be

marked a, I and every output should be marked as °within the parenthesis. A data set

5hould be bordered by at least one blank column at right and at least one blank ro\\' at

the bottom. This is neees<;ary for knowing the scope of the data domain. The data set

should ,tart ii-om the top-left cell (A I). A preferable sheet name is "DAT" (not Sheet

1), It should be noted here that Score. Rank, Projection, Weight, \VeightedData,

Slack, RTS, Window, Graphl, Graph2 shaulJ not be used beeau~e these are re,e""ed

for the software.

The values of three input quantities arc further combined to make it one input. V\,'ith

thi.1single input and single output the efficient frontier is drawn.
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d~" •
For the efficient month, the valucs of slacks Jr~ l"llnd to he zcro. Ft'Olll lh~ "<llues of

stack<; it can also be seen thJl e,ccpt for the month April and MJY, mO.,1ofthc values

hJS com~ to a zcro values. In order to addrcs.\ the above issue the "'eIght restrictions

and value Judgment conc~pts are introduced and di.\Cll<;sedin Chapter X.

The data -were collected for a period from January to December for a particular

ractory to carry out \\(indow Jnalysis in ordcr to evaluate the relative pl'OdLKti\e

erticienci"s of these eight months. Three input., and one output \vel'e chosen for

detennini~g the productivc cfficiency, The data set is shown in the 'lable 5,1. thc

Input and O\ltPllt Itatistics and the eorrel~tion matd); are shovvn in the Table 5.2 and

Table 5,3 respectively.

Table 5.1: Data set for tweh'e months.

Inputs Ouh,ul-
(I) Salary (I) Factory

Months ,., cosl (I) No. of (0) Produclion
SI' onrtime in taka Employees Qty ill pieces

cxpcnscs III
taka

I January 1841091 2629881 520 900050
2 February 1897942 2625892 528 850002
3 March 1867703 2658963 52J 880500
4 April 1804071 2625101 516 880005
5 May 1884775 2636582 527 850000
6 June 1836728 2653422 I 524 880005
7 July 1898292 2630301 529 980000
8 AU"ust 1839901 2614431 525 900088
9 Septcmber 1892231 2658972 527 998000
10 October 1800012 2670322 513 905600
II November 1852061 260')561 524 I 950888
12 December 1848022 2635862 520 945862

Table 5.2: Input -Output Statistics uf twdYe montbs.

Factory Production
Salary cost ill No. of Qt)' in
in taka taka Emplo)"Ccs pieces

Max 1898292 26703')2 529 998000
Min 1800012 2602561 513 850000
Avcrage 1855236 2636858 523 910083
SD 32380.15 19153,64 4,70 46267
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Tablc 5.3: Corrdutions.

Factory
Salary in cost in No. of Production Qt)
talia laka Employees in piece,

Sala!1' 1 .0,088 (),907 0,211

Facton' co~t -0.088 I -0.275 0,006

Em loyecs 0.907 0.775 I 0.152
Production IQIT 0,211 0.006 0.152 1

5.1.1 Analy,i,: Constant return to scale and Input oriented ",odd (CCR -I).

The productive efficiency and the ranking valucs of twelve month period havc been

calculated and shov,T1in Table 5.3. It can be ~een that the productive efficiency (PE)

scores of only onc month i,e. September is found to have the maximum value of unity.

This month's PI:. lies in the frontier and the rest lies beyond th~ fromier. Thus th~rc

exi,ts a s~ope for the rest of the months to in~reasc their productivity either b}

increasing the output quantity or by lowcring the valucs of their one or more input

quantity(,), where the valucs of input and output shlcks shown to be lower or to

increase with rcspect to month September. Jt is to be noted that thc score of the ,ix

months i.e. January, July, August, October, November and December arc vcry close

to the unity and therefore will lye on the efficicm frontier.

Table 5.4: PI' Scores Rnd Ranking (CCR-J).

No. Month Scores Rankin Pro osed \Vt.
1 .January 0.927 7 S, tember 0.902
2 February D862 I 11 S, tember 0.852
3 Mareh 0,894 10 5, tember 0.882
4 A ril 0.925 8 5, tember 0.882
5 Me 0.859 12 September 0,852
6 June 0.908 9 September 0,882
7 July 0.993 2 Sc tember 0.982
8 August 0.928 6 Sc tember 0.902
9 Se tcmber 1,000 1 Sc tcmber 1.000
10 October 0,954 5 Sc tember 0.907
11 t\'ovember 0.973 3 September 0.953
12 December 0.970 4 Se tember 0.948
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Figure 5.1: PE ~cores-month wise in ascending order (CCR-I).

Table 5.5: Various Prujcctiolls (CCR-I).

l'\ o. Mflnths S~ores
1/0 I Data Pro' cellon.1 Difference %

I Janllar~' I 0.927 I
Salary lR41091 1706516 .1~4575 -7.31
factory co,t 2629881 2398004 -231877 -8.82
Em loyees 520 475 .45 -8,60 I
Production Qty I 900050 900050 a 0

2 Febmarv I 0.862
Salary 1897942 1611623 -286319 -15
Factory cost 2625892 2264661 -361231 -13.76
Em loyees 528 449 -79 -14.99
Production Qty 850002 850002 0 0

3 March 0.894
I Sala 1867703 1669448 .198255 1061
Factor cost 2658903 2345917 -313046 -11,77
Em 10 res 523 465 -58 -11,10
Produclion Qty 880500 880500 0 0

4 A ril 0,925
Salary 1804071 1668510 135561 7.51
l'actory cost 2625101 2344598 280503 -10.69
Employces 516 465 -51 -9.94
Production Qty 880005 880005 I 0 0

S M, 0859
Salary 1884775 1611620 -273155 -14.49
Factor' cost 2636582 2264656 I 371926 -14.11
Em 10 'ces 5'7 449 I -78 -14.83
Production Q~l: 850000 850000 I 0 0
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6 June 0,908
Salary 18311728 1668510 -168718 -9.16
Factory Cll>! I 2653422 2.344598 -308824 -11.64

~plo 'ces 524 465 -59 11 32
Produdion Qty 880005 880005 0 0

7 July 0,993 I
Salary 1898292 1858103 .40189 -2.12
Factory Cllst 2630301 2611015 -19286 0.73
Em loyees 529 518 -11 2.17
Production Qty I 980000 980000 [} [}

8 Au ust 0.928
SoJa 1839901 1706588 -133313 .7.25
Factor' cost 26]4431 ?398105 216326 -8,27
Emplo 'ees 525 475 -50 -9.47
Production Qty 900088 900088 0 0

9 Se tember 1
Salary I 1892231 189223\ 0 0
Factory cost 2658972 2658972 0 [}

Em210 -ccs 527 527 0 0
Production Qt ; 998000 998000 0 0

10 October 0,954
Sulary 1800012 1717038 -8')973,5 4.61
Fadm cost 2670322 24\2791 -257531 -9.64
Employees 513 478 -35 -6.78
Production Qtv 905600 905600 0 0

11 November 0.973
Sala 1852061 1802906 49155.4 -2,65
Facto cost 2602561 2533451 69109.5 -2,66
Em 10 ccs 524 502,1222 -21.8778 -4.18
Production Qh: 950888 950888 0 0

I 12 December 0.970
Salar ' 1R48022 1793376 -54645,8 2.96
Factor' cost 2635862 2520061 -115801 -4.39
Em 10 -ces 520 500 -20 3.95
Production Qty 945862 945862 0 0

Table 5.6: Slacks (CCR-I).

Excess Shortage
Excess Factolj' E~cc.~s Production

No. Months Scores Sata •.•.' cost Emplo~'ees Q<v
S-(l ) S-(2) S (3) S+(I)

1 JannaI"\-' 0.927 0 39645 7 0

2 february 0,862 25228 0 7 0

3 March 0,894 0 30800 3 0

4 April 0.925 0 83248 13 0
5 Mo 0,859 7282 0 4 0
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G June o 90S 0 65808 11 0

7 July 0.993 2(,270 0 8 0

8 August 0.928 0 26893 12 0

9 Sc !ember I.ODO I 0 0 0 0

10 October 0.954 0 134440 11 0

11 November 0.973 0 35 8 0

I 12 December 0970 0 37859 5 0

5.1.2 Analysis: Constant Return to Seall' and Output oriented model (eel{ -0).

The twelve month data set hUI n0W been ll<;cd to calculate using the com!ant return to

scale and input onented modeL From the Table 5.7 il can be seell that similar results

have been found like that of input oriented cases. But the projected values found to

differ in both the model as can be ~ccn from Table 5.8.

Table 5.7: PF. Scores and the Ranking (CCl~-O).

No. IlMU Senre Rank Propo~cdWt.

1 January 0.926 7 September 0.973

2 FebILIar\' 0.862 11 S~f'tember 0.988

3 March 0,893 10 Se tember 0.987

4 Amil 0,924 8 Se tember 0.953

5 Ma' 0,858 12 I September 0,992
(, June 0.908 9 September 0,971

7 Julv 0.992 2 Se tember 0.989

8 Au"ust 0.927 6 September 0.972

9 Se tember 1.000 1 September 1.000
10 October 0.953 5 Se tember 0.951
11 November 0.973 3 Seotember 0.979
12 December 0,970 4 September 0.977
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Figure 5.2: PF. ~cores-month wise in ascending order (CCR-O).

Table 5JI: Various Projections (CCR-O).

1\0. I\louth~ lISc"rc~ I I
I/O Data I Protection Difference % I

1 January 1.078
Salary 1841091 1841091 0 0
factory cost 2629881 2587\09.829 -42771 171 -1.63
Employees 520 512 -8 -1.39
Production
Qw 900050 971028 70978 7.89

2 February I ,159

Salary 1897942 1868690 -29252 -1.54
Factorv cost 2625892 I 2625892 0 0
Emplovees 578 520 -7 -1.43
Production
Qty 850002 985584 135582 15.95

3 March 1.1 J 8
Salary 1867703 1867703 0 0
Factory cosl 2658963 2624505 .34458 -1.30
Employees 523 520 3 -0.54
Production
Qty 880500 985063 104563 11,88

4 April 1.081
Salarv 1804071 180407\ 0 0
Factor' cost 2625101 2535089 -90012 .3.43
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Emnloyee~ 516 50' -13 .2.63

Production
Qty 88()OOS 951503 71498 8.12

5 May 1.164
Sal~r}' 1884775 1876297 -8478 -0.45

Factory cost 2636582 2636582 0 0

Emplovees 527 522 -4 -0,84

Production
Q'y 850000 989596 139596 16.42

6 Jlme I 100
Salary 1836728 1836728 0 "Factory ~o<;t 2653422 2580979 -72443 273

Em loyees 524 511 -12 -2.38

Productionn,_ 880005 968727 88722 J 0,08

7 July 1.0D?
S~lary 1898792 1871828 -26464 1.39

Factory cost 263D301 2630301 0 0

Em loyees 529 521 -8 -1.45

Production
Qty 980000 987239 7239 0,74

8 August 1.078 I
Salary 1839901 1839901 0 0

FaclOr~'cost 261443] 7585438 -28993 -1.11
Employees 525 512 -13 -2.40
Production
QlY 900088 970400 70312 7.81

9 September ,
Salal}' 1892231 1892231 0 0
Factory cost 2658972 2658972 0 0

~.mnloyees 527 527 0 0
Production
Qty 998000 998000 " 0

10 October 1.048
Salarv 1800012 1800012 0 0
Factory ~()<;t 2670322 2529385 -140937 -5.28

EnlDloyees 513 501 -12 2,28
Production

I "I 905600 949362 43762 4.83

II Noyember 1,027

Sal","''' 1852061 1852061 0 0

l'ac\0ry cost 2602561 2602525 -36 0
Emplo~'ecs 524 515.8123649 -8 -1.56
production
Qtv 950888 976813 25926 2.73
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12 I D~CCll1ba 1,030
Sal~l} 184R(P2 1848022 0 0

factory cost "63SR62 2596849 -39013 -1.48

Emplo 'ces 520 515 -5 -1.02
Production

"
9-'1-5862 974683 28821 3,05

Tahle 5.9: Slacks (eeR-O).

Excc~s Shortage
F.xcrss Factory Excc~s Production

No. Months Score Salary cost Emn]oycf" Ot\'

S-(1) S-(2) S-(3) S+(l )

1 Junllar\' 0.927 0 42771 7 0

2 .Februarv 0.862 29252 0 8 0

3 March 0,894 0 34458 3 0
4 A ril 0,925 0 90012 14 0
5 May 0.859 8478 0 4 0

6 JUlle 0.908 0 72443 12 0

7 Julv 0.993 26464 0 " 0

8 Au ust 0.928 0 28993 13 0

9 Sentcmber 1.000 0 0 0 0

10 October 0.954 0 140937 12 0

II November 0,973 0 36 8 0
12 December 0.970 0 39013 5 0

5.1.3 Analysis: Variable returns to scale and input oriented model (Bee -I).

The twelve month data set ha:. been used to calculate PE scores. As can be seen from

Table 5.10 the month April, July, September, October, November and December

came out 10 be efficient production months. Unlike constant returns to scale here the

efficient months have been found to be more than one. Various projections have also

been foulld 10 be different from constant returns to scale as shown in Table 5.11 and

also the slacks values can be seen from Table 5,]2.
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Table S.J!l: 1'[ Scores and Ranking (BCC-I).

No. Months Score R:mk Proposed Wt.

1 Janual"\' 0.')96 S I April 0,G9')

I 2 f<"bl'llary 0.')')2 9 I April 0,055

3 March 0.987 12 I Apri! 0,973
4 April 1.000 I April 1.000
5 M~y 0.990 III April 0,304
6 June 0.988 I 1 April 0,807
7 July 1.000 1 Jul} 1.000
8 A\lgu,l 0.998 7 April 0,321, Septemher I 1 Seplember 1,000
10 Odober I 1 October 1.000
II November I 1 No'ember 1.000
12 December I 1 December 1.000

'0"
o.F.-.-----..---.-.'---'.-''-'-'-----'.-..-'-'.'-..-..-.'---"-.-'-----, ..-,.-."-----.--.

A,~I

'0"J""•.,,
A"•• ol

, ,. " ,. ,. ., " ,. •••

Figure 5.3; PE scores-month wise in ascending order (BCC-I).



Table 5.11: Various l'rojrctiuns (Bee-I).

I Nu. MOlnths lIScorcs
110 Data PrOliectiOln Difference %

1 January 1.00
Salary 1841091 1817019 -24072 -1.31

Factory cos! 262988i 2620221 -9660 -0,37

Emplo}ees I 520 518 ~2 I -0.37

Production Qt}' I 900050 900050 [) 0

2 feb[llarv 0.99
Salary 1897942 1849395 -48547 2.56

FaclDr" cost 2625892 2603778 27114 -0.84

Emnlnvccs 528 524 4 -0.84

Pwullctioll Qty 8'0002 946969 96967 11 41

3 March 0.99
Salarv 1867703 I 1805364 -62339 -3.34

factory cost 2658963 2624459 -34504 -1.30
Employccs I 523 510 ~7 -1.30

Production Qt:-' 880500 881932 1432 0.16
4 Amil 1.00

Salary 1804071 1804071 0 0
!'actory cost 2625101 2625101 0 0
Employe~s 516 516 [) 0

I Prod\lctio~}' 880005 880005 0 0 I
5 May 0.99 I

Sala ' 1884775 1837459 -47315 -2.5l
Factory cost 7636582 2609384 -27198 -1.03
Employee, 527 522 5 -1.03

Production Q!\' 850000 929339 79339 9.33
6 Junc 0.99

I Salary' 1836728 1813331 -23397 -1.27
Factory cost 2653422 2620717 .32705 -1.23
Employee, 524 518 ~O -1.23

Production Qty 880005 893700 13695 1.56
7 July l.00

Salary 1898292 1898292 0 0
Factor>: cost 2630301 2630301 [) I 0
EmolOl-'ees 529 529 0 [)

Production Qtl-' 980000 980000 0 0
8 Au ust 1.00

Salary 1839901 1836625 I .3276 0.18
factory cost 2614431 2609776 I -4655 -0.18
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Employecs 5' ~ 521 ~4 -0.68-'
Production Qty 900088 928107 nOIS! 3. 11

I 9 I Sc tcmbcl' 1.00

I Sabry 1892231 1897231 0 0 I
I !-'actor)' cost 2658972 2658972 0 0 I

J.::mployees 527 527 0 0
Productiun Qty 998000 998000 0 0

10 October 1,00
Salary 1800012 1800012 0 0

I Factory cost 2670322 2670322 0 (J

I Employ~~s 513 513 0 0
Productiun Qty 905600 905600 0 0

11 Novemb~r 1,O()

Salary 1852061 1852061 0 0
Factor •. cost 2602561 2602561 0 0
Employccs 524 524 0 0

Production Ql\' 950888 950888 0 0
12 Dcccmber 1.00

Salari 1848022 1848022 0 I 0
Facton' cost 2635862 2635862 0 I 0
Fmp,!£yces 520 5'0 0 0

Production Qt . 945862 945862 0 0

Table 5.12: Slacks (BCC-l).

Excess Shortage
No. Month Excess Facto'1' Excess Production

Name Score Salary co~t Employees %

S (1 S- 2 S-(3 5+(1)
1 January 0,927 0 42771 7 0
2 February 0,861 29252 0 , 0
3 March 0.894 0 34458 I 3 0
4 Aori1 0.915 0 90012 14 0
5 M" 0.859 8478 0 4 0
6 June 0.908 0 72443 12 0 I
7 July 0.993 26464 0 8 0, August 0.928 0 28993 (J 0
9 September 1.000 0 0 0 0
10 October 0.954 0 140937 12 0
11 November 0.973 0 36 8 0
12 December 0.970 0 39ll 13 5 0
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5.IA Anl\lysi~: Variable relurU\ to scale and Input oriented model (BCC -0).

In th~ rollowing unuly,i, ll,ing val'iable ret\lrn, 10 seule and output oriented scale

madel has been used to calc\llut~ to fmd the productiw Efticiency scores, The resulls

of the PE obl<l1l1edarc very much similar to the PI' \'alll~~ tho~c obtained after

nmning the variable returns to scale model as shown 111Tuble 513 Hut the projecled

value, as shown in Table 5, \4 and slack values as ShO\',l1in Table 5 \ 5 found to vary

8ignificantly.

Table 5.13: PE Scores and Ranking (BCC-O).

N". Months Scores Rankin Pru osed WI.
I Janna 0.959 8 October 0,248
2. Februarv 0.872 11 July 0,784
3. March 0.907 10 Se tcmber 0,659
4. I A ril 1.000 I A ril 1,000
5. I Ma 0.866 12 July 0.321
6 I June 0.935 9 Se tember 0,285
7. J\II 1.000 I July 1,000
8. August 0.960 7 A ril 0,098
9. Se tember 1.000 I Se tembu 1.000
10. I October 1.000 1 October I 1.000
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Table 5.14: Various rrojccti(lll~ (BCC-Oj.

I 1\0. M(lllth~ 1/Scores
1/0 Data Pro'ection Difference 'y.,

I Junuar; I

I Salary IR41091 1837847 -3244 0

I ~actory cost 2629881 2629881 0 0
I Em loyccs 520 520 0 0

Production Ql\' 900050 938049 37999 0
2 Februar I

Salary 1897942 1889431 -8511 0
l'actory cost 2625892 2625892 0 U
Em 10 ~cs m 528 0 0

Production Q~' 850m)) 975045 125043 0,147
3 March I

Salary 1867703 1866111 1592 -0.001
Factory cost 2658963 2658963 0 0
Em 10 'ees 523 5'73 0 0

Production Qly 880500 970960 90460 0.103
4 A ril I

Salary 1804071 1804071 0 0
Factorv co~t I 2625101 2625101 0 0
Employees 516 516 0 0

Production Qt), 880005 880005 0 0
5 Moy I I

Salarv 1884775 1884775 0 0
Factor' cost 2636582 2636582 0 0 I
Em :!£:r:ees 527 527 -0.065 I 0

Production Qty 850000 I 981219 131218.7721 0.154
6 June I

Sllla 1836728 1836728 0 0
Factory cost 2653422 2653422 0 0
Employees 524 519 .5 0,009

Production Qty 880005 941015 61010 0.069
7 July I

Salary 1898292 189R267 -25 0
Factor' cost 2630301 2630301 0 0
Em~xees 529 529 0 0

Production Qt . 1 980000 980000 0 0
8 Au US! I

Salarv 1839901 1839901 0 0
Factor; COs! 2614431 2614431 U 0
Em 10 ee, 525 522 .J 0

Production Qty 900088 937462 37374 0
9 September I

Salary 1892231 1892231 0 0
factory cost 2658972 2658972 0 0
Em loyce, 527 527 0 0
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Production Qtv 998000 99WOO 0 [}

10 October 1
Salary 1800012 1800(1) [} 0

FaclOry cost ')67037') 2670293 -29 [}

Ern lovccs 513 513 [} 0
Produdion " 905600 905600 0 [}

II November 1
I '>illar}' 1852061 1852061 0 [}

I FaclOry cost 260)561 2602561 0 [}

I Em loyccs 524 524 0 [}

I Production Qtv 950888 950888 [} 0
I 12 Decemher 1

Salar 18480)2 1848022 0 [}

I Factory cost 2635862 2635862 0 0
I Em loyees 520 520 [} 0
Production Qtv 945862 945862 0 [}

I! can be seen from the fol1o\\'mg table thc months ApriL Scptcmber, October,

Novcmber and Dcccmber have zero slacks and th~reby Ciln be termed as efficient

lTIllnthslying on the frontier

Table S.IS: Slacks (BCC-O).

Excess Shortage
Excess Facto!"}' Excess Production

Sill Months Scorcs Sala!"}' cost Employc~s Qty
S-(l) 5-(2) S-(3) S+(I)

1 January 0.959 3244,0] [} 0 [}

2 Febru~ry 0.872 8511.161 0 0 0
3 M~rch 0.907 1591.83 1 0 0 0
4 April 1.000 0 0 (I 0
j May 0.866 0 0 (I 0
6 June 0.935 0 0 5 0
7 Julv 1.000 24.54 0 0 0
8 Au ust 0.960 0 [} 3 0
9 September 1 0 0 [} 0
10 October 1 0 28,92 0 0
II November 1 0 0 0 0
12 December 1 0 0 0 0
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In order to draw tile efficient fromie] in il 2-1) plane the salary and ov~rlim~ expenses

have been added with the facto!'}' cost \0 ji~,llhc lotal co,t for twelvc month pcriNI as

shown in Table 5_16 Now lilcsc values haw been liJrthn modified (0 lind total cost

pcr number of employee, and prodaction ([uantity per !lumbcr of cmployees ~s shown

;n Tahle 5.17.

Table 5.16: Input and Output data set for twelve months.

Total
Cost in No. of Production

I\Ionths taka Rmnl0,'ee.\ Qtv. in pieces
January 4470972 520 I 900050
Fehman' 4523834 528 850002

March 4526666 523 880500 I
April 4429172 516 880005 I
Mav 4521357 527 850000 I
June 4490150 524 880005
Julv 4528593 529 980000

August 4454332 5' ~ 900088-'
SClJtemher 4551203 527 998000
Octobcr 4470334 513 905600

Novembcr 4454622 524 950888

I Dccembcr 4483884 520 945862

Table 5.17: Data convcrtcd to ,ingle input and single output.

Months OutfJut/Cost OutfJut1EmnloYecs
1 0.20 1731
2 0.19 1610
3 0_19 1684
4 0.20 1705
5 0_19 1613
6 0.20 1679
7 0.22 1853

" 0.20 1714
9 0.22 1894
]Q 0.20 1765
11 0.21 1815
12 0.21 1819
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Ill' plotting the \'~l\les or output/Employee in tile abscissil ~nd lb" value, of Outputl

total co~t in lhe ordilli.te a ~cmtcrcd.diagTmn has been found as ,hO\\'1I in th" Figure

5.5, The slop~ of tile line connecting each pomt with the origin rqll'esents the ratio

between output/employee and Oulptlt/eo,t. The hlgheq value among all the points is

lhe month September 'I he line conneding the origin and the month or September is

(he efficient frontier for this set of data. l! i\ to.be noted her~ that thi, fronticr tonche,

on!} one pint and the rest lie, below this line. According to tile property oflJEA thi,

frontier en\'elops all the points.

Oulpullcost VSoulputlempl

-9---

------------

0,195

0:::1-------------------~===~---0"'1--------------
-;;; 0.21 --------
o
o
~ 0,205 ------------
e
o
o 0.2

0,135
1550 1600 1650 1700 1750

outputJempl

1300 1900 19~

Figure 5.5: DEA drawn based on single input and single nutput.

At this stage the ,)(ili/ing the following two parameters: (A) Space utilization in

terms of optimum number of production lines and (El Style of products in terms of

Standard Allowablc Minutcs and with the available data in hand the Earning per line

par day and the factory cffieiency has been calculated and plotted in a 2-D plane, the

, efficient frontier is found to envelop the ineflicient points.
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Tahle 5.18: F,arning per Line per Day and SAM.

l'eriod l:rLD Fuetat)' Efficiency (%)

I 32964 55

2 33')50 ~58

3 31998 50

4 30568 58

5 33520 59

Here the efricient period is the Period 5 \\iit the high~Sl factory efficiency, whieh ha,

been found ta lie on the frontIer and the rest periods lies beneath the frontier

indIcating their inefficiency_

EPLD VS. PE

59,5 ----
59 I

'"" ,
FE 57

00'

"555
55'~

5<5
30000 30500 31000 31500 32000

EPLD
3250D 33000 33500

i

I
34000

Figurc 5.6: ErJicient frontier b,,"cd on EPLD.
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CHAPTER YI

SLACK BASED MODEL

6.1 INTRODUCTION

The prodLlctivc efficiency scores both for input and outpLlI orientations models were

computed in Chapter V, [n input oriented cases the input slacks are increased as mLlch

us possible to achieve the highe,t produetive efficiency und in output oriented cases

the Ol).lplllslacks are reduced as much as possible in order to achieve the highesl

pos,ible efficiency, In lhi~ chapter both the ~lack values are treated simultaneously in

order to maximize the input ,luck(s) atld to mimmi/e lhe output slack(s). The analysis

has been carri~d out with the smne twelve months datu us~d in the analysis earned out

in Chapter V. The month \vise ranking. scores and weight results are ,b0\vn in T~ble

6.1. After running the data ~et thc efficient values for the input found are shown in

Table 6.2. The efficient output ,alues and proposed "'eight> which can make the unit

efficient are shown in Table 6.3.

Table 6.1: Month wi,e Ranking, scores and weight.

Month Mnnthl)
No. Name Score Rank Rererence Weigh/age

"I A

1 January 0.918 6 I September 0.902

2 February 0.854 12 September 0.852

3 March 0.888 10 September 0,882

4 April 0,906 8 September I 0.882

5 May 0,855 11 September 0,852

6 June 0.893 9 September 0.882

7 July 0.983 2 September 0.982

8 Augusl 0.917 7 September 0.902

9 September 1.000 1 September 1.000
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~

Odobcr 0.930 5 September

~
\I November 0968 3 Septemher 0.953

I 12 December 0,962 4 September 0.948 I

Table 6.2: Mnnth "isc dlicicnt input yalues.

Efficient In ntTlIrgct
(I) 1"\0. "f

Month l"llrne (I) Factory Emplo)'ces
m Sala •.•..in tai,a cost in taka

Jan\lar' 1706516 I 23980()4 475
Februarv I 1611623 22641i61 449
March 1669448 2345917 465
April 1668510 2344598 465
May 161\620 2264656 449
June 1668510 2344598 I 465
July 1858103 I 261\015 517
August 1706588 2398105 475
Se tember 1892231 2658972 527

October 1717038 24P791 478
November 180?906 2533451 502
December 1793376 2570061 499

Table 6.3: Month-wise efficient output.

Mllnth Name Efficient Output
Target in cs.

January 900050
Februar ' 850002
March 880500
April 880005
Mav 850000
June 880005
July 980000
August 900088

Se tember 998000
October 905600
November 95088R
December 945862
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6.1.1 Type A: Knitting Factory

In carrying out the analysis Ilnlike that of Chapter V none of the cost items havc been

considered as the input. The reJson behind this is in mo;;t cales the factory people are

reluctant to provide necessary d~ta and but this analy.,LI cannot b~ termed as

incomplete, in the sense that from buyer point of view each of the firms used 10judge

from the twO input factor8. One is the number of mnehine, ,LOdthe other (lnc is the

numbcr workers engaged in the production, But, ncvcrtheless, there remains a scope

for further exten,ion of the model by incorporating the cost component in the

analysis,

Small knitting Factory:

Bused on the number of machines the data obtained Ii-om different knitting factories

are classifies as small, medium and large types. The factories \~hieh have less than

100 machines fall under smalltype8. \Vith the dutu of 2.:J-number of small knitting

type factories data set, as shown in Table 6.4 the aml}'si, ha\'e been carried alit in

order to find input and O\ltPlll ,lack values, These values are ShO\\11in Tahle 6.5, The

efikient input and output values obtain~d are shown in '1ablc 6,6.

Table 6.4: S\I1311Scales knitting factOr)' d"ta.

Production

SI # Registration No. of No. of quantit}' in

nnmber Emplo)'cc Machine dozen pcs

I 2190 120 78 60000

2 937 150 67 25000

3 2807 90 38 165000

4 2975 212 78 175000

j 4080 250 75 200000

6 3077 300 54 83000

7 3084 225 82 260000

8 3037 250 75 152000
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9 3247 80 57 150000 I
10 1992 491 55 120000 I
11 2387 54 26 46800

12 3441 100 44 52000

13 4078 220 62 130000

14 I 821 130 , 66 120000

15 3367 I lOO 80 100000

I 16 3590 I 275 38 75000

I 17 I 2976 I 200 64 72500

18 1551 I 50 6 150000

19 1857 I 15 (J 46 150000

20 4006 I 200 96 150000

21 3294 225 90 175000
22 1334 460 87 182500

23 3307 280 49 4100

24 3489 150 67 50000

Table 6.5: Slack Values for small scale knittinQ factory.
VRS Input Output

Results Slacks Slacks
Production

Month No. of No. of Qty in d02en Optimal
DMU No. Name F:mplo\'Cc.\ Machines nes. wei!:hts

I 2190 0 42 I 134000 DAOO
2 937 0 17 I 187857 0.571
3 2806 0 17 11428 0.286
4 3395 0 12 58286 0.257
5 2807 0 14 10143 0.279
6 2975 0 2 76828 0.926
7 4080 41 0 49868 0.908
8 3077 139 0 136474 0.632
9 3084 0 0 0 1.000
10 3037 41 0 97868 0.908
11 3247 0 38 18857 0.171
12 1992 328 0 10092\ 0,645
13 2387 0 18 105714 0.023
14 3441 0 16 129428 0,286
15 4078 41 0 101053 0,737
16 811 0 25 80286 0.457
17 3367 0 9 144286 0,857
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18 3590 15\ 0 121316 0.421
19 2976 16 0 161447 0.763

2" 1551 0. 0 0 1.000
21 1857 " I 0 57895 0.526

I 22 4006 0 25 94)86 0.857
23 3294 " 8 85000 1.000
24 1334 235 5 77500 1.000
25 I 3307 1'0 0 208137 0,566
26 3489 0 18 162857 0,571

Table 6.6: Efficient Inputs and Outputs for small sCl'1c knitting factolj'.

VRS Slack-based Model Efficient
Taroe! Efficient Efficient

Emcient Input Output
Input Target Target

DI\HJ No. Month TUl!el
Name Production

No. of No. or Qty in dozen
Em 10'-ccs Machines of nes.

1 2190 120 36 194000
2 937 150 49 212857
3 ]g06 100 '8 I \81428
4 3395 95 25 178285
5 2807 90 23 175143
6 2975 212 76 251828
7 4080 209 75 249868
8 3077 160 54 219474
9 3084 225 82 260000
10 3037 209 75 249868
11 3247 80 19 168857
12 1992 163 55 220921
13 2387 54 8 152514
14 3441 100 28 181428
15 4078 179 62 231052
16 821 130 41 200285
17 3367 lOO 71 244285
18 3590 124 58 196315
19 2976 183 64 233947
20 1551 50 6 150000
21 1857 142 46 207894
22 4006 200 71 244285
2J 3294 225 82 260000
24 1334 225 82 260000
25 3307 149 49 212236
26 3489 150 49 212857
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From the ablwe !~bk the dutu ,ho"" that the maximum outpul is 2. 60.000 and the

minimum value show the output 4.100. Assuming lhe <lther factors remaining same

lhe proas> te~d~ to muximiz~ uillhe oulput value, wilh re,peet to the maximum

\,alue, The most efflcie~t faetorie, are found as follows:

Table 6.7: finding'- Small knitting.

£fficient Efficient
Input Output
Target Target

Produtlion
D;\.HJ Month Nu. of Nu. of Qty in dozen

Nu. "'arne Emnlo) ee Machine c~

9 3084 225 82 260UOO
20 1551 50 6 150000

23 3294 225 "' 2GOOOO

24 1334 225 82 260000

Medlllm type knitting Factory:

Medium type of knitting factories fall under the category those which has more than

100 but not more than 200 machines. Twem}' nLlmbers of such types of factones data

have been considered for th~ analysis. 1he data set for those factories i, shown in

Table 6.8 ami the inpul and output ,lack values obtained are sho\\,n in Table 6.9. Also

the efficient inpLlland output value8 arc ShO\\ll in Table 6, 1O.

Tnble 6. 8: Medium Sonle knitting factory dnta set.

SI# Reg # No. of No. of Production Qty

Employee Machine in dozen of pes.

1 3837 284 110 10DOOO

2 4045 250 120 180000

3 2500 340 109 150000

4 1216 350 16D 165000

5 2417 915 110 645000

6 2431 200 150 78000

7 855 450 200 250000

8 2317 275 170 131250
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9 2266 300 120 I 240000 I
10 3937 315 105 350000
11 3384 321 170 300000

12 1390 285 127 100000

13 5:?Jl 343 155 75000

14 3485 500 108 200000

I 15 3797 555 200 393750

16 I 2222 230 187 200000

17 I 2158 200 145 200000

18 1703 390 170 I 250000
19 4052 460 198 300000

20 248 300 1'0 70000

Table 6.9: Slack Values for medium ~cale knitting facto!1'.

\'RS Input Output
Results Slacks Slacks

Production Optimal
Qty in Lambdas

Month 1\'0. of No. of dozen or with
DMUNo. Name F.mnlo 'ees Machine Des. Benchmarks

1 3837 0 0 0 1.0
2 4045 0 0 0 1.0 I
3 2500 17 0 203868 [l.on
4 1216 0 37 202208 0.058
5 2417 0 0 0 1.0
6 2431 0 5 12]999 1.00
7 855 0 26 166375 0.225
8 2317 0 51 166576 (j.6S2
9 2266 0 10 90434 0.870
10 3937 0 0 0 1.0
11 3384 0 62 52950 0.010
12 1390 0 11 210869 0.739
13 520 0 36 288767 0.047
14 3485 179 0 152901 0.010 I
15 3797 53 0 48135 0.311
16 1722 0 52 39130 0.261
17 2158 0 0 0 1.0
18 1703 0 27 136875 0.125
19 4051 0 19 121292 0.242
20 248 0 20 260435 0.870
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Table 6.10; Efficient Inpurs and Output., for medium seale knitting.

VRS Slaek-ba~ed tvlQdelEfficienl
Tm-g:el

Efficient
Efficient Ontput

In:~t Tal'pet Target
;\'Ionth No. of 1\0. of Production

D:\lO I'o. Namc Employee Machine Qty ill dOl.en
.of "cs.

I 3837 284 II0 100000
2 404<; 250 120 180000
3 2500 323 109 353869
4 1216 350 122 3672D8
5 2417 915 410 M50DO
h 2431 200 145 199999
7 855 450 17] 416375
8 2317 275 118 297826
9 7266 ]00 II0 330435
10 3937 315 105 350DOO
II 3384 321 108 352950
12 1390 285 115 310869
13 520 I 343 110 363767
14 3485 321 108 352902
15 3797 502 200 441885
16 2222 230 134 239130
17 2158 200 145 200000
18 l103 390. 143 386875
19 4052 460 178 421291
20 248 ]00 110 330435

Table 6.11: Findings- Medium knitting.

The mosl efficient factories arc found a> follows:

Efficient
Emcient Output

Innut Tarl!:ct Tar et
Producti{ln
Qty in

D~IU Month No. of No. of dozen or
No. Namc Em loyee Machine nes.

I 3837 284 110 1DOOOO
2 4045 250 120 180000
5 2417 915 410 645000
10 3937 lIS 105 350000
17 2158 200 145 20DOOa I
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Largc knitting FaclOl'i~o,

Th~ factories havillg more than ZOO machines fall under this categol)'. Twent}'

number of large knittillg fildoric, data have b~en taken for ilnilly.,is. I hc data ,~t ar~

sho\\'n in Table 6.1Z anti th~ input anti out put slack \'illues ar~ ,hown n table 6.13.

Table 6.12: Data set for largt scale knitting factory.

51# Protludion

No. of No. of Qty ill dozen

Reg # Employee Machille fit" pcs.

1 3922 700 560 20000

2 1276 2250 796 10000000

3 3583 500 350 100000

4 1252 600 500 360000

5 20% 850 390 650000

6 3368 900 500 I 12000

7 3465 919 305 130000, 2016 1150 750 1200000

9 1603 800 450 600000

10 3729 1500 400 120000 I
11 2533 GOO 550 325000

12 3966 800 ]50 650000

13 3696 7]0 441 250000

14 3732 350 299 312500

15 2312 2200 500 1019620

16 762 425 282 350000

17 3676 1200 417 5000000

18 1939 400 240 240000

19 1812 500 ]00 250000

20 2329 750 370 400000
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Table 6.13: Slack ,""lues brgc scale knitting ractory.

YI{I; Input Output
Rc~ulh Sbcks Slacks Optimal

Production Lambda~
i\hntb No. or Nu. ur (.It}' in dozen with

DI\IU No. Name Emplo~ee Machine or c~. Benchmark,

I 1 3922 0 212 222)647 0,588
2 1276 0 0 0 1.0
3 3<;83 I 0 30 1040 (U24
4 1252 I 0 166 1331176 0706

I 5 2096 0 22 2419853 0.4])

I 6 3368 0 125 '333588 0,353
7 3465 225 0 1858023 0.367
8 2016 0 340 3524265 OJ)59
9 l603 0 88 2194118 0.471
10 3729 377 0 4422825 0.904
11 2533 0 216 1366176 0.706
12 3966 0 0 2083541 0.307
13 3696 0 89 2158088 0.553
14 3732 0 0 0 1.0
15 2312 770 0 5075367 0.219
16 762 0 0 231341 0.521
17 3676 0 I 0 0 1.0
18 1939 0 0 0 1.0
19 1812 0 0 785017 0.541
20 2329 0 15 211838' 0.529

Table 6.14: Efficient Inputs and outputs for large scale knitting.

VRS Slack-based Model Efficient
Target Efficient

Efficient Nfl. of Output Target
Input Target Machine

51# Reg.
No. uf Pruductiun Qtv

Emplovee in dozen uf pes.
1 3922 700 347 2242647
2 1276 2250 796 10000000
3 3583 500 320 1139706
4 1252 600 334 1691176
5 2096 850 30R 3069853
6 3368 900 375 3345588
7 3465 694 305 1988023
8 2016 1150 410 4724265
9 1603 800 361 2794117
10 3729 1123 400 4542825
11 2533 600 334 1691176
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12 3966 800 350 2733541
13 3696 730 352 2408088,
14 3732 350 299 312500
15 )312 1430 500 6094987
16 762 425 '8' I 581341
17 I 3676 1200 417 I 5000000
18 1939 400 240 240000
19 1812 500 I 300 103'i018
20 2329 750 354 2518382

Table 6.15: Filldings- Large Knitting.

The most ef!icienl factories are found as follows:

Efficient Efficient
Innot T:Hl:!:et Qulnnt TarQet

Month No. of No. of Production Qty in
I)1\1U No. Name Emnlovee Machine dozen of nC~.

2 1276 2250 790 10000000
14 3732 350 299 312500
17 I 3676 1200 417 5000000
18 1939 400 240 240000

6.1.2 Type B: S" caler Factory

Data for twent)' four sweater factories have been taken for the analysis to find out the

slacks values and thereby to find those elJidem sweater finm. The data set have been

shown in Table 6.16, VRS efficient input And output target, in Table 6.17 and slacks

values for individual unit> in Table 6.18.

Table 6.16: Data set for twc~t), four sweater faetoric~.

51# (OjProduetiun
(I)Nu, of (I) No, of Qty in dozen

R, Emnloyee Machine 'ofncs.
1 3968 700 300 72000
2 1983 307 180 30000
3 2730 150 100 10000
4 3949 350 204 47000
5 3183 700 427 60000
6 2204 500 ]10 75000
7 3792 105 117 16000

I 8 1925 600 300 41000
9 3504 850 730 250000
10 3493 240 220 45000
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11 3431 365 129 32000
12 1554 245 110 25000
13 2085 250 161 36000
14 3898 650 470 I 75400
15 29n 850 602 60000
16 2866 650 I 526 /20000
17 3878 1525 513 1000000

1& 3687 495 442 50000
19 2074 300 lOO 4WOO
20 3501 826 513 noon
21 3316 550 381 60000
2' 3231 1200 S66 100000
'3 3843 1244 120] 140000
24 3989 756 612 650()O

Table 6.17: VRS Slack-hased Efficient Target for sweater factories.

Efficient
Ert1cicllt Output

81# Input Tar"et Taree!
Reg. (I)No. of (O)Produdion

Employee (I) No. or Qty in dozen
machines or pes.

1 3968 700 283 428310

2 1983 307 173 155977
7 2730 150 100 100007

4 3949 350 185 185774
5 3183 700 283 428310
6 2204 500 227 289718
7 3792 105 117 16000
8 1925 600 255 359014
9 }504 850 325 532253
10 3493 240 155 109549
11 3431 246 129 79516
12 1554 183 110 }3971
13 2085 I 250 157 116479
14 3898 650 209 393662
15 2978 850 325 532253
16 2866 650 269 393662
17 3828 1525 513 1000000
18 3687 495 I 226 286253
19 2074 300 171 15\127
20 350\ 826 318 515622
21 3316 550 241 324366
22 3231 \200 422 I 774789
23 3843 \244 435 805279
24 3989 756 298 467115
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Table 6.18: Slack for sweater factories.

VRS Input Optimal
Results Slacks Output Sl"ek~ nei"bt.~

Reg (O)Production
(I)No. of (I)No. of Qr. io dOJ.en with

51# Emnhwee Machinc flf pcs. Bcncbmarks

I I 3968 0 17 356310 I 0,581
2 1983 0 I 7 125977 0,858

3 2730 0 II 0 1.0
4 3949 0 19 138775 0.827
5 3183 0 144 3ti8~10 0.581
6 2204 0 83 214718 0.722
7 3792 0 0 I 0 1.0
8 1925 II 45 318014 0.651
9 3504 0 405 282253 0.475
10 3493 0 65 64549 I 0.905 I
II 3431 118 0 47516 0.930 I
12 1554 6' I 0 8971 0,976
13 2085 0 3 80479 0,898
14 3898 0 201 318262 0,616
15 2978 0 277 477253 0.475
16 2866 0 257 173662 0.616
17 3828 I 0 0 II 1.0
18 3687 0 216 236253 0.725
19 2074 0 29 103127 0.863
20 3501 0 194 4376?2 O.4n
21 3316 0 140 264366 0.687
22 3231 0 444 674789 0,229
23 3843 0 768 665279 I 0,198
24 3989 0 313 402115 0,542

Table 6.19: Findings- Sweater.

(Undent
Efficient Output

lonnt Tarpct Tar;'et
(O)Productioll

51/1 Reg , (1)1'"0. of (I)No. of Qr.' in dOlen
Emulovee Machine of cS.

3 2730 150 100 10000
7 3792 105 117 16000
17 3828 1525 513 1000000
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6.1.3 Type c: Wovcn Fnctory.

Finally, twenty se'ven woven factories data have been takcn for carrying: Qui [he

analysis to find thc ,lack valucs applying the slack based model. The dala ,et lor

twenty s~ven industrie, have been ShllWll in Table 6,20, CRS el'lic;cnt inpul and

output targ~b shown in Table 6.21 and the slack values in Table 6.22

Table 6.20: Data wt for twenty seven woven faetorie,,_

SI # (0)
p,.ol!uctiOtl

Registration (1):"10.of (I)No. of Qty in d07.cn
tlumber Em lovee l\'hchine of "cs.

I 1375 415 175 29
2 2914 450 200 130000
3 3236 587 I 10 30000
4 937 150 67 25000
5 1192 240 I 90 45000
6 1283 325 105 30000
7 1095 5' - 289 200000.,
8 1259 145 90 2400()
9 2276 505 219 100000
10 700 150 164 15000
II 2181 431 174 96000
12 4116 250 83 60000
13 3420 425 200 17DOOO
14 4018 1200 878 2400000
15 213 204 I 104 3600D
16 114 540 I 255 150000
17 1548 330 108 336000
18 2152 250 120 150000
19 1631 225 125 25000
20 I 78 255 200 112000
21 3195 430 168 3000()
22 4130 900 432 150000
23 1144 300 152 25000
24 3()16 588 271 J2()000
25 1404 938 396 2100()0
26 GO 450 223 75000
27 1721 700 358 72000
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Table 6.21: CRS Slack-hnsed Efficient Targd ror \\ "\'ell factories.

Efficient ~:tTiciellt
Input Output
Tn;"et Tnr~et

(O)Prouuctioll

(12~~'or (I) ]';0. (}f Qty in d07.en

51 # Rc<'. F.m }1(})'cc Machine of pCS.

1 1375 415 175 517674

2 2914 450 200 586197

3 3236 336 110 342222

4 937 ISO 67 196708

5 1192 240 90 272174

6 1283 321 105 326667

7 1095 5'5 289 R19048

8 1259 145 90 250931

9 2276 505 219 044625

10 700 150 110 300000
11 2181 431 174 518824
12 4116 250 83 257415

13 3420 425 200 580607

14 4018 1200 878 2400000

15 213 204 104 298114

16 114 540 255 739855

17 I 1548 330 108 336000

18 2157 250 120 347246

19 1631 22S 125 353795
20 78 255 186 510000
21 3195 430 168 504033
22 4130 900 432 1250086
23 1144 300 152 436119
24 3016 588 271 789434
2S 1404 "" 396 1171180
26 60 450 223 642038
27 1721 700 358 1025702

Table 6.22: Slncks for woven i'actGries.

CRS Output Optimal
Results In"ut Slacks Sincks wei"ht

(O)Production
(I)No. of (I) No. of Qty in d(}zcn with

S'" Rco> E~"lovee Machine of ncs. Benchmarks

1 1375 0 0 517645 0,081

2 2914 0 0 456197 0.109
3 3236 251 0 3J2222 ].019

4 937 0 0 171208 0.037
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5 11 92 0 0 227174 0,024

6 1783 4 0 296667 0.972

7 1095 0 0 619048 0.241
8 1259 0 0 22693\ Cl.OSS

9 2276 0 0 544625 0, J 11

10 700 0 S4 285000 0.125
1I 218\ 0 0 422824 0.068

12 4)16 0 0 197415 O,OO?

13 3420 0 0 I 460607 0,126

14 4018 0 0 I 0 I.G

15 213 0 0 262114 0.077

16 114 0 0 589854 0.161

17 1548 0 0 n 1.0

18 2152 0 0 197246 0.079

19 1631 n 0 328795 0.106

20 78 0 I] 398000 0.212

21 3195 0 0 474033 0,056

22 4130 0 0 1100086 O,?W\

23 1144 0 0 4111]8 0.11\

24 3016 0 0 669434 0.162
25 1404 0 0 961180 0,183

26 60 0 0 567038 0.156

27 1721 0 n 953702 0.266

Table 6.23: Findings- Efficient woven factol"ic~.

Efficient Efficient
Input Output
Ta-;~~t Tnr:et

(O)Prodllction

R,"
(I)No. of (I) 1\0. of Qt)' indozen of

81 n E~nlo~cc Machine "cs.
3 3236 336 110 342222
14 4018 1200 87S 2400000
17 1548 330 lOS 336000

Analysis of results:

In using the additive modd our foeu, is to give attention in ,malyzing the "mount of

slacks present in the inputs and outputs, unlike the cases ",.here we our interest is to

find the units which are efficient. lt is clearly evident that the analysis is revolved with

respect to the maximum value of the production quantity, used in the calculation.
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CHAPTER VII

RETURNS TO SCALE

7.1 SCALE EFFICIE:KCY

The concept of scale efficiency is Important to detemline the naturc of scale to

returns. Thc same set:. llf data used in the Chapter V have been used in this chapter

to find om the scale efl'iciency for twehe month period. In order to calculate the

scale ert,ciency the first thing i~ to find out the input oriented productive

efficiencies for both eonst~llt retClmsto ~cale and variable return to scale. The scale

efficiency is nothing but the ratio between constant reW.rnto variable return val LIes

found for each firms. The prodnetive efficiency values for con,tant returns to scale

are shown in Table 7,1 and varillble ret"rns to scale arc sho"vn in Table 7.2. Both

hllve been eulcCliuted for input oriented cales. The scale efficiency values. thlls,

found are shovvTIin Table 7.3. The increasing returns to "eale prevail as long as the

value of scale efficiency remains below one. From th~ (llble 7.3 it can easily be

seen that there exist increasing relllrns to scale except for the month of September

and December, \vhieh has achieved the higher score for efficiency. The yalLle of

um(y indicates that there exist constant returns (0 scale.

Table 7.1; PE Scores for constant return to sealc.

No. Months Score

I JallUal)' 0.927

2 February 0.862

3 March 0.894

4 April 0.925

5 May 0,859

6 June 0.908
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7 July 0.9Y3

I" Augusl 0.978

9 September \.000 I
10 October 0.954

11 I No\ember 0.973

12 I Dec~mber 0.970

['rom the table 7.2 it can be ,lllalFed that except 10f (he months April, July,

September, O~(()hcr and No\'emher the overall efficiency is low dlle to the

indfkicnt operation. Thm there exists the ~wpe [eX increasing the efficiency by

scaling up their activities.

Table 7.2: Productive scores for variable returns to scale.

No. DMU Score

1 January 0.959
2 February 0,872
3 March 0,907
4 April 1,000
5 May 0,860
6 J~, 0,935
7 July 1.000
8 August 0,960
9 September \,000
10 October 1.000
11 November 1,000
12 December 0,970

Based on the data of the above tables the scale efficiencies have been calculated as

[allows:
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Table 7.3: SClllc Efl1dcnc)' Or SE.

No. Months SE
I lamlary 0,967

2 I l'cbmary 0.989

3 March 0.986

4 April 0.925

5 May 0,992

6 June 0,971

7 lui} 0.993

8 Augu,t 0.%7

9 Septemher 1.000

10 October 0,954

11 Novemher 0.973

12 December 1.000

7.2 INPUT AND OUTPUT STABILITY REGION

As defined by Zhu l1291 input ,tability region is that region where the input

quantities can be increased where such allowable input increases does not affect

(he efficiency of that firm, Likewise a region of allowable output decreases is

derl(}ted as output stability region if that finn remains efficient after 'Ouchdecreases

occur.

With the same set of data of (",e\ve months the input Oliented and Olllput oriented

returns to scale is calculated.

The CRS efficiency score is equal to VRS efficiem:y only if there exists an optimal

solution so that Ii.. =1.

In other cases when VRS efficiency scores are greater (han CRS efficiency scores

and L1, <I then there is the case for increasing retmns to scale.
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Table 7.4 Data set

Month (I) Saluy (I} Factor\, (I) (0) Produethlll
cost Enmlovecs Q"

Jamw!) 1841091 2629881 520 900050
Februarv 1897947 2625892 528 850002

March 1867703 2658963 52J 880500

A ril 1804071 2625101 516 880005

I May 1884775 2636582 527 850000

I June 1836728 2653427 524 880005

I Juh' 1898292 2630301 :'29 980000
Auoust 1839'-)01 2614431 525 900088

Sentember 1892231 2658972 527 998000

October 1800012 2670322 513 905600

November 1852061 2602561 524 950888

December 1848022 2635862 520 945862

Table 7.5lupul Oriented RTS

Input. Input-
Oriented Orieuted Il. Input-

Sl ~o. Months VRS CRS Oriented
Efficiencv Efficiency RTS

I January 0.996 I 0.926 0,9018 Increasing
2 rebruary 0.991 0.862 0.8517 Incrcasin
3 March 0.987 0.893 0.8822 Jncrea.lin
4 A ril 1.000 0.924 0.8817 Increasino
5 May 0.989 0.858 0.8517 Increa.lin
6 June 0.987 0.908 0.8817 Increa\in
7 July 1.000 0.992 0.9819 Inerea,in
8 Au ust 0.998 0.927 0,901 Increasing
9 Se tember 1.000 1.000 1,000 Constant
10 October 1.000 0.953 0,907 increasing
11 November 1.000 0,973 0.952 lnereasin
12 December 1,000 0,970 0.947 lncreasin
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Table 7.6 Smalle~l (nlm!

Smallest
SI Smallesl Input MI'SS TlIrlo'el Output
No. Months (I) (I) Facto)")' (I) (0) I'rodn

SalarY cost Emnlovees Q'"
I January 1892231 2658972 527 998000

2 rebl'uary 1892231 2658972 527 998000

] March 1892231 ')658972 527 998000

4 April 1892231 2658972 527 998000

5 May 1892231 2658972 527 998000

6 l\Ine 1892231 2658977 527 998000

7 July 1892231 2658977 527 998000

" Au ust 1892231 2658972 527 998000

9 September 189223\ 2658972 527 998000

10 Oetoher 189223 I 2658972 527 998000

II November 1892231 2658972 527 998000

12 December 1892')31 2658972 5'7 998000

Table 7.7 Largest Input

Lar est In ut MPSS Tar cts Lar est Out JUt
SI. l\1onth (I) (I) Facto!") ,I, (0) Production
No. SalarY cost Elllnloyees Oh'

1 JanLlarv 1892231 2658972 527 998000

2 I Fehmarv 1892231 2658972 527 998000

3 Mareh 1892231 2658972 527 998000

4 A ril 189223 I 2658972 527 998000

5 Ma} 1892231 2658972 527 998000

6 Jtlne 1892231 2658972 527 998000

7 July 1892231 2658972 527 998000

8 Auoust 1892231 2658972 527 998000

9 I Seotcmber 189223 I 2658972 527 998000

10 October 1892231 2658972 527 998000

I 1 November 1892231 2658972 527 998000

12 December 1892231 2658972 527 998000
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Table 7.8: Output Oricnted RTS for sllIall knitting.

Ontput- Output-
Oriented Oriented Output.

Sl No. Reg. No. VRS CRS Oriented
Efficienc\' Efficieucy " RTS

1 2190 3.23 6,00 240 Oecreasing

2 937 8.51 18.00 3,00 Decreasing

3 2806 1.06 1.761 2.00 Occreasing

4 3395 1.48 7.37 1.90 Dccreasino

5 2807 1.06 1.63 1.800 Decreasing

6 2975 1.43 3,63 4,24 Deere~sin~

7 4080 124 3.75 5.00 Decrea;:in

8 3077 2.64 10.84 6.00 Decrea ling

9 3084 1.000 2.59 4.50 Deereasing_

10 3037 1.64 4,93 5,00 Decreasin

11 3247 1.12 1.60 1.60 Decreasing

12 1992 1.84 11.45 9.16 Dccreasino

13 2387 3.25 3.46 1.08 Decreasing

14 3441 3.481 5,76 2 DO Decreasing

15 4078 1,77 5.07 4.40 Decreasing

16 821 1,665 3.25 2.60 DecreasinQ

17 3367 2.44 6.00 4.00 Decreasing

18 3590 2.61 11.00 5.50 Deereasin

19 2976 3,22 8,27 4,00 Deere~sing

20 1551 1.00 1.00 l.00 Con,tant

21 1857 \.38 3.00 3.00 Decreasing

22 4006 1.62 4.00 4.00 Dccreasin

23 3294 1.48 3,85 4.50 Deereasin~

24 1334 1.47 7.56 920 Decreasing

25 3307 51.76 204.87 5.60 Decreasin"

26 3489 4.25 9.00 3.00 DecreasinQ

Table: 7.9: Largest MPSS (Output Oriented).

Largest Input Largest Output
Sl. No. Rcg. No. MPSS Tllr~ets MPSS Tareets

Emp'10 •• Machine
1 2190 50 6 150000

2 937 50 6 150000

3 2806 50 6 150000
4 3395 50 6 150000
5 2807 50 6 150000

6 2975 50 6 150000
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7 4080 50 6 150000

8 3077 50 6 150000
9 3084 50 6 150000
10 3037 50 6 150()O()
II 3247 50 6 \50000

12 1992 50 6 150000
13 2387 50 6 150000
14 3441 50 6 150000
IS 4078 50 6 150000

16 821 50 6 150000
17 3367 50 6 150000
18 3590 50 6 150000
19 2976 50 6 150000

20 155\ 50 6 150000

21 1857 50 6 150000

" 4006 50 6 150000
23 3294 50 6 150000
24 1334 50 6 150UOO
25 3307 SO 6 150000
26 3489 50 6 150000

Table 7.10: Srnl,l1est MPSS (Output Oriented).

Smallest Input Smallest Output
51 No. Reg. Ko. MPSS Tar"ct MPSS Tar et

Em 10 ce Macbine Production
I 2190 50 6 150000
2 937 50 6 150000
3 2806 50 6 150000
4 3395 50 6 1500(}()
5 2807 50 6 150000
6 2975 50 6 150000
7 4080 50 6 150000
8 3077 50 6 150000
9 3084 50 6 150000
10 3037 SO 6 150000
11 3247 50 6 150000
12 1992 50 6 150000
13 2387 50 6 150000
14 3441 50 6 150000
IS 4078 50 6 150000
16 821 50 6 150000
17 3367 50 6 150000
1R 3590 50 6 150000
19 2976 50 6 150000
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20 1551 sa 6 150000
21 1857 50 60 150000
22 4006 50 6 150000
23 3294 ;0 6 150000
24 1334 50 6 150000
25 3307 50 6 150000

26 3489 50 6 150000

Table 7.11: Stability Region (Output Oriented).

Ontput-
Stabi!itv RCI'ionSl No. Reg. No. Oriented

RT' Lower Brmod U n Bouno
1 2190 Decrcasin 0,41 I 1.00
2 937 DecreasioL 0.33 1.00
] 2806 Decreusin~ 0.50 I 00

4 3395 Dccrca,in 0.53 1.00
5 2807 Decreasing 0.56 1.00
6 7975 I Decreu,in I 0.24 1.00
7 4080 Dccrcasin 0.20 l.00
8 3077 Decreasin" 0.17 1.00
9 3084 Decreasin (l.l2 1.00
10 3037 Decreasing 0.20 1.00
I1 3247 Decreasin 0,63 1.00
12 1992 Decrcasin 0,11 I.DO
13 2387 DecreasinL 093 1.00
14 3441 Decreasin 0.50 I 1.00
15 4078 Decreasin 0,23 1.00
16 821 Decreasin 0.38 1 00
I7 3367 Decreasin 0.25 1.00
18 3590 Decreasing 0.18 1.00
19 2976 Decrea~in 0.25 1.00
20 1551 Constant 1.00 1,00
21 1857 DccrcasinQ 0.33 1.00
22 4006 Decreasinl!: 0.25 1.00
23 3294 Decressin 0.22 LOO

I 24 1334 Decreasill£' O.ll 1.00
25 3307 Dccreasin 0.18 LOO
26 3489 Decreasin!! 0.33 1.00
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Table 7.12: Input Oriented RTS.

Input- lnput-
Oriented Oriented

Sl No. VRS CRS Inuut-Orientcd
ReI:. f"o.

HEfficienc\' ~:ft1deIl9' RTS
I 2190 OAI 0.11i 0.40 Incrcasing
2 937 0033 0.05 0.16 Increasing

3 I 2806 0,81 0.56 1.13 Dccrcasin
4 3395 0,52 047 0.80 Increasin~_
5 2807 0.87 0,61 J.lO D~creasino

6 2975 0.42 0,27 J.l6 Decreasin
7 4080 0.54 0.26 1.33 Decreasing
8 3077 0.16 0.09 055 lncreasill~
9 3084 1.00 0.38 1.73 Decreasing
10 3037 0.21 0.20 1.01 Decrcasin~
II 3247 0.62 0.62 I.no Constant
12 1992 0, 10 0.08 0.80 lllcr~asino
13 2387 0,92 0.28 0.31 Increasino

14 3441 0.50 0.17 0.34 Increasino
15 4078 0,22 I 0,19 0.86 Incrcasin
16 821 0,38 0030 0.80 Increasing
17 3367 0.75 0,16 I 0.66 Increasin
18 3590 0.18 0,09 0.50 Incrcasin'
19 2976 0.25 012 0.48 I Incr~a,in
20 1551 l.00 1.00 1.00 I Constant
21 1857 0.33 0.33 1.00 Constant
22 4006 I 0.25 0.25 1.00 Constant I
7' 3294 0.39 0.25 1.16 Decreasing77

24 1334 0.32 0.13 1.21 Decreasin
25 3307 0.17 0.00 0,02 lncreasi!,!g_
26 3489 0.33 0.11 033 Increasing

Table 7.13: StabililJ Region (Input Oriented).

Output- Stabili!)' Region
Oriented

Sl No. ReI!..No. RTS Lower Bound Upper Bound
I 2190 Dccrcasin 0.41667 1.00000
2 937 Decreasing 0.33333 I 1.00000
3 2806 Decreasin 0.50000 1.00000
4 3395 Decreasin 0.52632 1.00000
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5 2807 Dcc,.e~sjllg 0.55556 1,00000
6 2975 DeCle~"'l1, 0.23585 1.00000
7 4080 Decr~a,;ing 0.20000 1.00000

" 3077 Decreasing 0.16667 1.OOIJOO
9 3084 Decreas;n 0.22222 1.00000
10 3037 Decreasing 0.20000 1.00000
11 3247 Decrea,jn~ 0.62500 1.00000
12 1992 Decreasing 0,10909 I 1.00000
1J 2387 Decreaoin () 92593 I 1.00000
14 3441 Decrculin 0,50000 I OO[)OO
15 4078 Decrcasin 0,22727 1,00000
16 821 Decreasing 0.38462 1,00000
17 3367 Dec[~a,in" 0.15000 1,00000
18 3590 Decreasing 0.18182 I OOOO()
19 2976 Uecl'easing 0.25000 1,00000
20 1551 Comtant 1.00000 1,00000
21 1857 Decreasing 0.33333 I.OQOIlO
22 4006 Decrea,i~ I 0.25000 1.00000
23 3294 D~creasinQ; I 0.22222 1.00000
24 1334 Decreasing I 0.10870 1.00000
25 3307 Decreasing 0.17857 J .00000
26 3489 Decreasin 0.33333 1.00000

In the labk 7.14 the most producti\.e scale sIze for input oriented largest valucs

and the smallest valucs in Table 7.15 have been shown. Actually it is a condition

where the firm has been Op€rating within thc constant rcrurns to sealc and all the

slacks ha, (he zero values. Thus there arc 1\\(0 v~lues of inpnt and outputs: largest

~nd smallest.

Table 7.14: Largest MPSS (Input Oriented).

Largest Input Large,t Output
MPSS Tar"ets MPSS Tar cis

51No. ReI!. :\10. [mnlo 'ec Machioe Production
1 2190 50 6 150000
2 937 50 6 150000
3 2806 50 6 150000
4 3395 50 6 150000
5 2807 50 6 150000
6 2975 50 6 150000
7 4080 50 6 150000
S 3077 5Q 6 150000
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9 3084 50 6 150000
10 }037 50 G 150000
11 3247 50 6 150000
12 1992 50 6 150000

I 13 2387 50 6 150000
14 3441 50 6 15IJOOO

15 4078 50 6 150000
16 821 I 50 6 150000
17 3367 50 6 ISO()OO
18 3590 50 6 150000
19 7976 50 6 150000
20 1551 50 I 6 150000
21 1857 50 6 150000
22 4006 50 6 150000
23 3294 50 G 1500()()
24 1334 50 6 150000
25 3307 50 6 150000
26 3489 50 6 150000

Table 7.15: Smallc~t l\1PSS (Input Oriented).

Smallest
51 N •.•• Reg No. Input Smallest Output

MPSS Tarl!.et MPSS Tar cl
I Em 10 'ee Machine Production

1 2190 I 50 6 150000
2 m 50 6 150000
3 7806 50 6 150000
4 3395 I 50 6 150000
5 2807 50 6 150000
6 2975 50 6 150000
7 4080 50 6 150000
8 3077 50 6 150000
9 3084 50 6 150000
10 3037 50 6 150000
11 3247 50 6 150000
12 1992 50 6 150000
13 2387 50 6 150000
14 3441 50 6 150000
15 4078 50 6 150000
16 821 50 6 150000
17 3367 50 6 150000
18 3590 50 6 150000
19 2976 50 6 150000

-)26.



20 1551
" "

50 .-._. 6 150000
21 1857 50 6 150(100
22 4006 50 6 150000
0" 3294 50 6 150000-'
21 1334 50 6 150000

I 25 3307 I 50 6 150000
26 3489 I 50 6 150000

It is clearl} evidctlt from the analysis that it is not wise to go for increa,ing the

output. It is also worthy to mention her" tilat the ret\lrn to ,calc exercise is eqmllly

useful to derive the input and output slabih(y regions .
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CHAPTER VIlI

FACTORS AFFECTING THE PRODUCTIVE

EFFICIENCY

8.1 INFLUENCING PARAMETERS

In this chapter an attcmpt is being made to explain the affects of varioL1s ral'amet~rs

"vhich positively or ncgathel} intluence the producti\.e ~lficiency of any apparel

industry. A questiormaire incorpomting as much as faclor, sho\\TI In Appcndix A

elaborated and analyzed in a sequential manner Aftcr obtaining dctail an,\\ers analysis

was carricd out to find \vhich fudors are ,ignificant contributors to the productive

efficiency. The anJlysi<; was done using the .\oftware SPSS 11.5 ver,ion.

Fiftccn factor, such as: Gender, Age Group, Work Experienc~" Level of satisfactions.

Fatigue. Relation with Fatigue, Numhel' of hours worked, Compensation, Comfort,

Skillness improvem~nt, :\onpayment, Def~rred paym~nL Qnalifieations, N~ed for

training, Modc of learning, were analyzed agam<;tthe output produc~d. It has been found

that the follo\\(ing factors have positive i~ntlen~e, to the output prod\lc~d: Gender, Age

Group, Work Experiences, Satisfactions "I' the workers and Qualifications of the

\'orkers.

8.1.1 Gender

Gender plays a major role in the factory environment. The percentage or male and

female and their individual contribution i, nece,>sarily big i,sue for augmenting the

productivity. In Table 8.1 the numher and p~rcentage of male and female working in the

factory are shown. In Table 8.2 the p-value ,hows that the relationship found between

output<;pl'Odueed in number of pieces and gender is significant.

.128 -



Table !l.1: Gender distribution.

Numher Percent

120 29.6
Male

2~5 70.4
Female

405 100.0
'Iotal

Table 8.2: Output •.elated to gender.

pieces produced per boor
p-~alueGende •.

60-79 ~0-99 100e-

Male 10.0 24.4 363

Female 90.0 75.6 63.7 0,013

'Iotal 100.0 100.0 100.0

Here the outputs produced have been divided into three groups and analyred

accordingly. From the above tahle it can be seen thai in the higher producing categories

the percentage of male work~rs are increasing proportionately i.e. the male workers are

performing better than th~jr counterpart.

Gender Model Snmmary

Std. Error of the
Model R R Square Ad'lIsted R Square Estimate

Gender 0.185 0,034 0.032 0.53631
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The R Squat'c valne (\1'()034 indicates Appl'Oximate!} 34 pcrcent 01 thc variation in

output i, explaincd by the gender factor. Also it is understood that th"r~ arc other factors

he.\ides gender which have influences on the (\utpLltproduced. The differences between

R Square and Adjusted R Square i, very smull along with the error quamity indicates that

the mis<;pccifieAtion is very .\mall.

8.1.2 Age group

In eonsidellng the age of tile workers as have been ,hown iu the Table 8.3 the total

numbers of workers are divided against four age gn.l\Lp, (14-24, 25-30, 31-36 and 37+)

and three output producing gmup" (60-79, 80-99 and 100+), In Table 84 the p-value

shows that the relation bet\\'een oulput produeed in number of pieces and the dilTerent

age groups are significant.

Table 8.3: Output distribution.

Age Group

PCSPHR 19-24 25-30 31-36 37+ lotal
GROUP

Number of workers

60-79 8 2 0 0 10

80-99 55 123 18 9 205

100+ 12 159 7 12 190

Total 75 284 25 21 405
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Table 8.4: Output related to :lgCgroup.
~." ,..

I % Output

pieces pn.duccd per hour

Age Group p-value

60-79 80-99 1007

19-24 80.0 26.8 6)

25-30 20.0 60.0 83,7

31-36 .0 88 J7 0.0

J" ° 4.4 6J

Total 100.0 100,0 100,0

From the above Table it can be seen that the better p~rfonning group i~

Age Group Model Summary

I I
Std, Error of the

Model R R Squ"re Adjusted R Square E~timate

Age Group 0.206 0.042 0.040 0,53401

The R Square \'alue of 0,042 indicates approximately 4.2 percent of the variation in

OUlput is explained by the age group factor. Also it is understood that there are other

factors besides age group which have innuenees on the output produced. The differences

between R Square and Adjusted R Square is very small along with error quantity

indicates that the misspecificatioll is very small,
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S.I.3 Work e.\pcricnces

In a fActory llndllubledh' work experiences of the "orkcrs augmcnts the output of the. .
factorv as ,,-I1Ole,Thi, has also f'ltmd true in lht> case, The work cxperiences of the

worker;; arc divided into three groups (leas thon 3 years. J to 10 years ,md morc than 10

yean;) against output produced m p,eces mto tIuee g:ro\lp' (60 to 79. 80 to 99 and more

than 100) a, shown in Table 8,5, The pJlterns ofwol'kcrs l(ll1owing into different groups

are analYled and when th~s~ data arc mn ha, b~cn found to haye very significant

relationship, which call be seen Ii-om the p ~alues in the 1 able 8.6.

The fourth Iuclor has been analyzed is the level of satisfactions of the workers, ",hi~h is

divided into five levels (Very sati,fied. Sati,fied, Neither satisfied nor dissatisfied,

Dissatisfied and Very dissatisfied) agamstthe three OU(ptltprodlL~ed in pieces in hour(60

to 79, 80 to 99 and more than 100) as shown ill Table 8.7, When these levels of

satisfactions of the work~rs al'e analyzcd against the output produc~d it wa.\ found to

have no signifi~ant relationship as shown in Table 8.8.

Table 8.5: Distribution of Work EAperieuces ofthc worktrs.

Work Exp. Number ofworkers Total
Group

<3 3.10 10'

60-79 1 0 9 10

PCSP 80-99 45 25 135 205
HR

GROUP
100+ 26 103 61 1'0

Total 72 128 205 405
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Table 8.6: Output relnted to Work E~periellees.

pieces produced per hour

WF:XPGR p-vlllue

60-79 RO-99 100+ Total

" 10.lJ% 22.11% 13.7% 17,8%.'

3-10 0 12.2% 54,2% 31.6%
0.0

10 and 90.0% 65.9% 32,1% 50.6%above

Tota! 100,0 1000 IOO.1l 100.0

Work Expcriellce~ Group Model Summary

Adjusted R Std. Error of the
Model R R Square Square Estimate

Work 0.192 0,037 0.034 0.535Experiences
Group

Thc R Square value of 0.037 indicates approximately 3.7 percent of the variation in

output is explained by the age group faclor. Also illS understood that there are other

ractll[> which have influenccs on thc Olllput produced. The differences between R Square

and Adjusted R Square is very small along \\ ilh the error quantity indicates that the

misspecification is very small.
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8.1.4 Lenl of sali,fJlctions

The fO\lrth factor hns be~n analyzed is th~ level ofsatisfaetions of the "orkel's, whieh i,

divided intu fivc levels (V~r} satisiicd. Satisfied, Neither ~atisfied nor di!>satisfied,

Dilsatisfied and Very dissatisfied) against the thre~ llutP\lt produced in pieces in hour(flO

to 79. 80 to 99 ~nd more than 100) a, sho\\n in Table 8.7 When lh~se level, of

satisfactions of the worker;: are analyzed against the outplll produced it was found to

hav~ no significant relationship as shown in Table 8.8.

Table S.7: Satisfaction distribution.

Numbers ofworker."
Tutal

PCSPHRGR
60-79 80-99 100+

Very mu~h 8 178 165 351
satisfied
81%>

Satisficd 1 15 9 2561%-80%

SATIS
GROUP N~ither satisfied

uor dissatisfi~d 1 5 5 11
51%-60%

Dissatisfied II 2 530%-50% 7

Vcry mueh 0 5 6 11
dissatisfied

<30%

Total 10 205 190 40S
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Tahle 8.8: Output related to satidaftiolls.

% \>orkers

p-value

PCSPHRGR 60"79 80-99 100+
SATISfACTION
GROUP Ver" much

satisfied 23 50.7 47,0
RI%>

Satisfied 4.0 60,0 ]6,0
61%-80%

Neithcr 0.001
Satisfied nor 91 45.5 45.5
Dissatisficd
51%-60%

Dissatisfied 0 45.5 54.5
30'%-50%
Vcry much
Dissiltislled 2.5 50,6 46.9
<30%

Satisfaction Model Summary

I
R Adjusted

IModc R S uare R S~uarc Std, Error of the Estimate
Satisfaction 0.0741 0,005 0.00] I 0,54418

The R Square value of 0,005 indicates approximately 05 pcrcent of the variation in

output is explained by the age group factor. Also it is understood that therc arc other

factors besides age group which have influence>; on the output produced. The differcnees

hetween R Square and Adjusted R Square is very small along ,~ith error <juantity

indicates that the misspeeification is very small.
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8.1.5 Fatigue

The fifth faclor or interest is the liredness of the workers faced by the \\"cXkcrs after

work Ing continuously or a ~lrcss. Thc total number or the workel" s pattern of distribution

of the faligue has been shown in Table 8.9.1'atigue is di\'ided into t\\(Oanswers: yes and

no. Then these lwo replies ha\'e been analyzcd against the output produced in pieces into

three group:. (60 to 79, 80 to 99 and more than IliO pieces), The rewll found is not much

important since it ahs no significant relationship ilS,ho\\'n in the Table 8, 1O.

Table 8.9; Flltigue distribution.

Parameter Percent

YES 17

NO ]88

TOlal 405

Table 8.10: Output related to Fatigue.

pieces pmdllced per hour

Fatigue 60-79 80-99 100+ Total p-~'alue

Percent of workers

YES 10.0% 4.4% 3.7% 4,2%

NO 90.0% 95.6% 96.3% 95.8% 0.612

Total 100,0 100.0 100.0 100.0
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8.1.6 Relation,hip with Fatigue

The _'lxth factor relationship to I'atigue ",helher il is related to il~alth or any other

exlernal fa~tots h~s been analy.',ed as the sixth fadm and ha, been found not to have any

significant role, Since, this parameter is a qll~lilative one and thus exhibits no

relationship with output produced, The distrihution panern fatigue is sho\'v'll in Table

8.11 and its relalionship to fatigue is shown in 'Iablc 8,12,

Table fl.ll: Relationsh ip to Fntigue distribution.

I Number Perc en!

l'atigue to
405 100.0

Health condition

Tahle !l.U: Output related to relationship to Fatigue.

pieces produced per hour
Relationship p-nlluc
to Fatiguc

60-79 80-99 100+ Total

2.5% 50.6% 46.9% 100,0% No statistics are
WITHIN computed

because
HEALTH REI. FATj~a10O.D% 100.0% 100.0% 1000% constant
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8.1.7 H"us ,,"orl,ed
~I •.......•••... -

The relatiollship to number of hO\lrs wc)[ked whethel' it is rduted to health or any mhcr

ext~mal factors of the factory has been analF.ed as the .Icventh factor and was found not

10 have any significant role. Sincc. this parameter I, a qualitative onc and cxhibits no

I'elatiollship with output produced. H~rc continues pcriod of work ha, been takcn as three

and hall" hours time of \vork. The breukdown of thc number and percent of wOl'kers

wOl'king continuo\lsly are shown in Table 8.13

Table 8.13: Hflurs worked distribution.

Continuous Pcriod l\umber Percent
of wflrk in hours

3,5 4()5 100,0

Table 8.14: Ou tput related to relationship tfl hours worked.

pic~csproduced p~rhour

Hnurs
Work~d p-value

60-79 80-99 100+ Totul

2.5% 50.6% 46.9% 100.0%
No statistics

WITHIN '"HEALTH computed
because

100,0% 100.0% 100,0% 100,0% hours of
worked is a
constant.
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8.1.11 Compcll~atiotl

It is assum~d in the ladory ellvil'0nm~nt that the incr~a~ed monetary reward or

compensation package mali\'ale, the worker 11l1Jil.l pt'Oductivity inCf~a~es which in turn

increase lhe output of the factory. Keeping lhis ,i~w in mind lhe Olltpul relationship with

compensation i~ analyzed a~ ~ighth contributing factor. l'he pattern distribution

compensation is ~hnwn in Table 8.15. It can be seen lhallhere exists no f~latinn,hip \'(ilh

OUlPUl\\ihich is show'n in Table 8,16.

Table 8.15: Compensation distribntion.

Compensation !'i"umber Percent

YES 394 97.3

NO " 2.7

Tolal 405
100,n

Table 8.16: Output related to rdatiomhip to compensation.

i.«, rod"ced OFh"UF

Compon 60.79 80.99 IUO+ Towl
p-,'al"o

.,"lion

Wtl"HIN 2.5% 50.&% 46.7% 100,0%

YES tOO,O% 976% 96.8% 97,3%
0787

WITHIN .0% 45,5% 545% 1000%
, cell (16.7%) has
expected count Ie"
[han 5,The
nl;,,;mum expected

"0 ,0% 2.4% 3.2% 2.7% COUn[is 27.
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8.1.9 Cumfort

Similady. the ninth faclur takcn Comfon and ij a.\S\lmed that in the in,ll1e lh~ fadury

with lhe increased comf0l1 th~ Joh hccomcs attractive and thus the individual workcr's

produclivity increases which ill lurn incrcase the olllpul l)f the fa~tory. With this view the

outpur, relationship with Comfort i" analyzed, Th~ pattcrn 'distribntio\l or comfort is

sho\\'11in Table 8.17. II can be se~n lhat there exists llOrelationship with output \vhich is

sho\\'ll in Tablc 8.18,

Tabl~ 8.17: Comfort distribution.

C01\-IFORT F" u~nc ' Percent

YES 390 96,3

NO 15 3,7

Total 405 100,0

Table 8.18: Output related to relationship to comfort.

pi«<> pruduced per huur
Cumpen.'
atiun p-nlue

60-79 30-99 tOO+ I'olal

WI mIN 2.3% 505% 47,2% 100,0%

YES 0.524
900% 96 t % 96.3% 96.3%

tcelt (16,7%)
WITHI;'; 6.7% 53.3% 40.0%

has expectod100,0% COllntless than,
'0 The minimum

10.0% 3,9% 3.2% 3,7% expected counl
is .37,
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8.1.10 Skillnes~ improvcment

]n order to increase tile producti\'il} of worker~ tile i~dividual skillnes> of th~ workers

ar~ nceded to be impro\ ed. To look into th~ extent of th~ skillncss of the \\ockers the

skillnc,s improvcmenl pammeln is anal)7ed as the nimll fJctor. II can be seen thut all of

the worker~ responded posilhely. The skillncss improvcment distribution is sbown in

Table 8,19, No rc1ation,hip is found a\ ShO\'vTIin Table'S.lO.

Table 8.19: Skill nc,s improvemcnt di~tribu /ion.

Number Percent

YES 405
100.0

Table S.20: Output relatcd to relationsbip to skillncs.\ improvement.

pieces produced per hour p-value

60-79 80-99 100+ Total

YES WI n.IlN 2.5% 50.6% 46.9% 100,0% No statistics are
computed
because

IMP - SKIL is a
100,0% ]00.0% 100.0% 100.0% constant.

8.1.11 Non paymcnt

To find views of the workers for improving their skillness and \vithholding their paymcnt

for a certain period of payment with their consent. The nonpayment is,uc has been

analyzed as the eleventh factor. It ean be seen that all of the .workers responded

positively. The nonpayment and deferred paj'ment distribution and relationship is ShOVvTI

in the Table 8.2i, Tahle 8.22, 'Iablc 8.23 and Table 8.24. No relationship is found as
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shown in Table g 22 and Table 8,24, i\o ~lalLstics can be COlllputed because' the t;lctor

Nonpaylllent is Illlmu to bc a constant.' •..-

Table 8.21: Non payment distribution.

j\'umber Percent

Nc 405 100.0

Table 8.22: Outllltt related t(}relationship to nonpayffifnt.

"/.,Ont "'pieces prodncfd per hour p ~'alue
l':ONPAY

60-79 80-99 100+ '] otal

No
WITI.IIN 2.5% 50,6% 46.9% 100.0% sl<ltistie\

NO are
computed

100.0% 100.0% 100,0% 100.0% becau<;e
NONPAY

l\ a
constant.

8.1.12 Deferred payment

Defcrred payment is the t"elflh factor \\,hich has been analyzed and was found not to

contribute to the inerea<;e in the output orlhe worker>,

Table 8.23: Deferred payment di,tribution.

Number Percent

YES 405 100.0
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Table S.24: Output relateJ to rd~tionship dei"crrel\ paymcnt.

%, Output

]Iieees produced per hour p-vallle
ncfcrrcJ
Paymcnt 60-79 80-99 100+ Total

WITHIN 2.5% 50.6% 46.9% 100,0% No statistics are
YES computed because

1000% 100,0% 100,0% I 100,0% deferred paym~nl
is a constant,

8.1.13 Qualifications

The qualification of the workers plays an important role, since uneducated person are

able to learn the skiils and techniques very slowly, which in (lim lead ehe overall

performance of thc factory to remain in a low leveL TIle qualifications of the workers

have been classified into three tieri;: helow Class V. Clas<; VI to Vlli and ahove Class

'lIlt The pattern distributions are shown in T<lble 8.25, When (he values of the ol.ilpllt

arc analyzed against the qualifications it is found that there exists a significant

relationship as 8hown in Tabl" 8.26.

Table 8.25: Qualifications distribution.

Class interval ]\'nmber Percent

Below class V 243 60.0

Class VI to V11I III 29.9

Above ela~s Vl11 41 10.1

Total 405 100.0
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h. ]"r.Table 1l.26: Output rdated tn relations lIP to Qua, ,c"tlOn.\.

% Output

pieces produced per h(}ur p \'alue
Qualifieat;(}ll

60.79 80-99 100+ lotal 0

2 cell, (22.2%)
B~low chIs V 90.0% 74.1% 43,2% 60,0% have expected

count less than
S.The minimum

Up to Class 10.0% 13.7% 48.4% 29,9%
expected count is

VIll 1.01.

Ahove Class .0% 12,2% 8.4% 10,l%
VIII

Qualificl,tion, Mndd Summary

I I Adjusted R Square I
Std, Errorofthc

Model R R Square Estimate

Quuli!icutions 0.221 0,049 0,046 0.53218

The R Square value of 0.049 indicate, approximately 4,9 percent of the variation m

outpUl is explained by the qualifications factor. Also it is understood that there are other

factors hesides gender which have influences on thc omput produced, The differenecs

hct\veen R Square and Adjusted R Square is very small along with th~ error quantity

indicates that the misspecifieation is very small.

1l.1.14 l\'eed for training

The relationship to nced for training is supposed to playa kcy role in the improvement of

the productive effici~ncy. Keeping this \'iew in mind the anal)';], is carried out whether it

is related to the overall productivity oIthe factory as the fourteenth factor and was found
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not to h~\ ~ any significant role. Sincc, this pmameler i,; a qllalitatiw one and exhibIts no

reimianship with output produced No stmistics CGnb~ computcd bccall~c thc factor of

training is a constant

Table 8.27: Training lIcclh distrihution.

NO
Number
405

Percent
10(l.0

Table 8.28: 0"' ut related to rclationshin t(l trainitl<'.

'Y., Output

Pieces PrOdllCed per hour

Training p-,'alue
60-79 80-99 100+ Toml

WITHIN 2.5% 50.6% 46.9% 100.0% No statistics
are computed

'0 hecall<;~
TRAINING is

100.0% 100.0% 100.0% 100.0% a constant

8.1.15 Mode of learning

The firt~enth contrihutory factor is the relationship or mode or l~am;ng is <llso supposed

to pluy a key rule in the improv~ment of the productive efficiency. Keeping this view in

mind similar anal}~is i~ carried out whether it is related to the overall productivity of the

factory and was found not to have any significant role. Since, this parameter is a

qualitative one and exhibits no relationship with output produced. No statistics can be

computed heca\lse the factor of training is a constant.

- 145-

-_\



Table 8.29: Mode of learning di~tribu(ion.

Number Percent
From management , l.2

From supervisor 306 75.6 I
From rellolV \vorkel' 48 11.9

Self made 46 i i.4

Towl 405 100.0

Tabl~ !UO: Output related to relationship mode of learning.

% Output

Learning pieces produced per hour p-\ alue

60-79 80-99 100+ Total

0.973
From ,0% 1.0% 1.6% 1.2%Management 5 cells (41,7%) have

e.-peeled count less
than 5.

From 70.0% 76.1% 75.3% 75.6%
The minimum expeeled

Supenisor count I, .12.

From reilow 10.0% i2.2% 11,6% 11.9%Worker

Self made 20.0% 10.7% i 1.0% 11.4%
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CHAPTER IX

PRODUCTIVE EFFFlCIENCY GROWTH

'l.t GROWTH ESTIMATION

To rI.II11hefactories efficienl1}. besides knf'wing the producli\'lly indices. sometimes it

may also be useful to get ideas about the changes in the productivity, whkh IS, whethet

the productive el1icieney is incrcasiug or decreasing over a period of time, so thJt the

performancc of the overall follow up process can bc tracked accurate!}'.

The data for the month of January and Februar} are shown in Table 9.1 and the

produ.ctivity growth is shO\vn in Table 9,2. Like wise in the following tubles from 9.1 to

9,22 from growth estimation has been carried out consideriug the values of two months

at a time from Januar)' to De~ember und gro\\,th estimation for thc succcssive two

month pcriod arc sho"vn accordingly, The values Malmquist Index, EnI~iel1ey Change

and Frontier Shift has bcen calculated for both input and output oriented COll5\antreturn

to s~ale. using the software developcd by Lhu[129]. The valuc(s) of Malmquist Index

greater than unity indicates lhe gro\\1h and equal value no change in etlieienev and less

than value(s) oflndex presents deca}' in the grov.1h process.

Table 9.1: Data set f(lr period January- February.

Name (lr
th, (I) SalalJ' (I) Facl(llJ- e(lst (I) Employees (0) Pr(ld Qty

neriod

January 1841091 262988\ 520 900050

February 1897942 2625892 528 850002
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Table 9.2: Malmquist Index for JanunT)-Februnry.

Malmquist Efficicncy Fronticr Shift

Indn Change

Input Oriented 1.074 1.000 1,074

CRS

Oulput Oriented 0.931 1,000 0.931

CRS

Tnble 9.3: Data set for period February-March.

Name (I) SalaT)' (1) Factory eo~t (I) Employees (0) Prod Qt)'

FebruaT) 1897942 2615892 528 850002

March 1867703 2658963 5'" 880500-'

Table 9.4: Malmquist Index ror Febrnary-)1aHh.

Malmquist Emdene)' Frontier Shift

Inde:\: Change

Input Oriented 0.964 1,000 0.964

CRS

Output Oriented 1,038 1,000 1.038

CRS
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Table 9.5: Data sct for pcriod March-April.

]'\;ame (I) Salary (I) Faet •.•r)' cost (I) Employees (0) Prod Qt}'

March 1897942 2625892 528 850002

April j804071 2625101 516 880DOS

Table 9.6: J\hlmquist Index for March-April.

Frontier Shift

Malmquist Iudex Efficieucy Change

Input Oriented 0.977 1.000 0977

CRS

Output Oriented 1_023 l_DOO 1.023

CRS

Table 9.7: Data set for period April-May.

Name (I) Salat)-' (I) Factory cost (1) Employees (0) Prod Qty

April 1804071 2625101 516 880005

May 1884775 2636582 527 850000
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Tnble 9.8: J\1altlillUi,t Index for April-May.

1\'lalmquist Hficienc} Frontier Shift

Index Chnnge

Input Oriented 1.061 1,000 1.061

CRS

Output Oriented 0.943 1.000 0.943

CRS

Table 9.9: Data set fur period May-June.

Nnme (I) Snln!")" (I) Fact •.•!")"cost (I) Employees (0) Prod Qty

May 1884775 2636582 527 850000

June 183672g 2653422 524 880005

Table 9.10; Malmquist Index fur May-June.

Malmquid Effieienq' Frontier Shift

Indn Change

Input Oriented 0.957 1.000 0,957

CRS

1.045 1.000 1.045

Output Oriented

CRS
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Table 9.11: Dafa set for pcriod Junc-Jul}.
, -

l'iaUlc (I) Sala!)' (1) Fadory cost (I) Employees (0) Prod Qfy

June 1836728 2653421 524 880005

July 1898292 2630301 529 980000

Table 9.12: Malmquist Indcx for .June-July.

Malmqui.\t Efficieucy Frontier Shift

Index Change

Inpul Oriented 0.909 1.000 0,909

CRS

Outpul Oriented 1,100 1.000 1.100

CRS

Table 9.13: Data sct for period .Iul}'-Aug.

Name (I) Salar}' (Il Facto!)' cost (I) Employees (0) Prod Qt).

July 1898292 2630301 529 980000

Augnst 1839901 2614431 525 900{)88
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Table 9.14: J\'lalmq u ist Imin for July-Aug.

Efti[i[nc)' Frontier Shift

l\1a[mqui~t Index Change

Input Oriented 1.069 1.000 1.OnS!

CRS

Output Oriented 0.936 1.000 0.936

CRS

Table 9.15: Data set for period Aug-Scp.

Name (I) Salal}' (I) FactOI"}'cost (I) F:mployees (0) Prod Qt)'

August 1839901 2614431 525 900088

September 1892231 2658972 521 998000

Table 9.16: Malmqui~t Index for Aug-Sep.

Malmquist Efficiency Frontier Shift

Index Change

Inp\lt Oriented 0.961 1.000 0.961

CRS

Output Oriented 1.091 1,000 1.091

CRS
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Table 9.17: nata set for period Sep.Oct.

Name (I) SalalJ.' (Il Factory eo~t ill ~~mployccs (0) Prod Qty

S~ptcmb~r 1892231 2658972 527 998000

Octoher 1800012 2670322 513 905600

Table 9.18: Malmquist Index for Sep-Od.

Efficient)' Frontier Sbift

Malmquist Index Change

lnpllt Oriented 1.077 1.000 1.077

eRS

Output Oriented 0,928 1.000 0.928

eRS

Table 9.19: Data set for period Oct-Nov.

!'I'ame (I) Salary (I) Facto!)' cost (I) EmploJ'ees (0) Prod
Qh'

October 1800012 2670322 51] 905600

November 1852061 2602561 524 950888
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Table ').20, l\1alnHluist Index for Oct-No,.

Malmquist Illllc~ Efticicncy Frontier Shift

Cbange

Input Orienled 0.954 1.000 0.954

CR5

Output Oriented 1.049 1.000 1.049

CR5

Tablc 9.21: Data set for period Noy_Dee.

Kame (I) Salary (I) Factory cost (I) Employees (0) Pr(ld Qty

November 1X52061 2601561 524 950888

•

December 1848022 2635862 520 945862

Table 9.22: Malmquist Judex for Nov-Dec.

Malmquist E(ficieney Frontier Shift

Index Change

Input Oriented

CRS 1.008 1.000 1.008

Output Oriented

CRS 0.992 1.000 0.992
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In the T"ble ') 23 four firm~ Year I r.I~[ahave been ShOWlland in T"ble 9.24 the ;ame

finns' datu for the next year have been "hOlVll.

Table 9.23: Data;ct for period 1.

(I) Factory
Name expenses (l)Employees (I)Fixed Asset (0) Sa\c;

Ibrahim
Cotton 604.86 683 940 960.78

PahurTali
Textille 3833,01 1587 368.68 4561.97

Ashraf
Textile 3662.93 2163 4948.3 5239.21

Anlima
Yarn 47.815673 230 309.367 149.196

Table 9.24: Data set for Ileriod 2.

Name (I)Factory (I)Employees (I)Fixed Asset (0) Sale,
npenses

Ibl'ahim
Cotton 751.76 673 939.75 897.9R

PaharTali
Textile 4149.83 1595 365.47 5138.83

Ashraf
Textile 3199.7 2118 4583.97 5078.03

Anlima
Yam 49.34 229 322.34 151.58
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The Output oriented M"lrnquist Indtx values ji,r two consecutive }'eilr<;have becn

,hown in Table 9.25.

Table 9.25: Malmquist index for prodllCji\'ij~ ehangcs.

l\ame of the Output-Oriented Efficiency
Sl# Firms CRS Change Frontier Shift

Malmquist lndn

Ibrahim

I Colton 0.799 0.768 1.040

2 Pahar'l ali 1.088 1.00 1.088

Textile

3 Ashr"C 1.067 1.00 1.067

Textile

4 Anlima 0.992 1.00 0.992

Yarn

RESULTS AND ANALYSIS:

In case of input oriented cascs and compared bctween two consecutive months of input-

output data thc follQ" ing months have been found to exhibit gro\',1h in the productivity:

a) January -February

b) April"May

c) July"August

d) Scptember-October

e) November-December
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In case of output oricntcd cu,e<, and compared hel\\iccn two consecutive months of

input-ompul data thc following months have b~en fOlllld to cxhibit decay in the

prodLlctivity:

a) February-March

b) March-April

c) May-June

d) June-July

e) Augu,t-September

1) October-November

Also the effieicncics and Irontier shifts arc sho\'!Il accordingly. Jt can also be seen that

only ,yhen the Malmquist Index number is greater than unity then only there is a

growth in the overall productivity.
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CHAPTER X

WEIGHT RESTRICTIONS AND VALUE JUDGEMENT

10.1 EXPERT OPINIONS

A sd of produdion unit in which a production unit (say A) is inefficicnt if a

composite unit (linear combination of units in th~ <;et) can be identiflcd which

utilizes less input than the A unit while maintaining at least the same output levels,

The units involved in th~ construction of the composite unit can be utilized a.,

benchmarks for improving the inefficient A unit DEA also allows for computing

the necessary improvements requir~d in the inefficient unit's inputs and outputs to

make it efficient, It should bc noted that DEA is primarily a diagnostic tool and

does not prescribe any reengincering strategies 10make ineftlci~nt units efficient.

Such improvement strategi~s must be stndicd and implemented by managers by

under:<:tandingthe operations of the emcient \lnits [i13J.

ln this chapter it has be~n tried to discuss the concept of employing ",~ight

re<;trictions to the linear equations, so that the \vcights could not take arbitrary zero

or ab;mrd values, Data Envelopment Analysis i, basically a technique for choosing

the coefficients of the inputs and outputs und~r consideration so that the individual

production unit maximizes it> productivity. rhus in calculating the relative

productive eflkiency of a production unit, the unit under consideration

automatically adopts arbitrary such weights to the individual inputs and outputs so

that the ratio of it> weighted output to weight~d input is maximized, In earli~r

analysis the process was fully flexible to allow the units to achicvc relatively high

~ffici~ncy scores by taking 'iometimes infeasible input and Olllplll factor weights.

Bas~d on the previous analysis it is obS£rved that up to certain extent imposing

factor restrictions may be needed through integration ofmanag~rial preferences in

terms of relative importance levels of \'ario\ls inpnts and outputs. When

formulating the linear equations two constraints are uS\lally appli~d_ One is that

tile weights "hould be nonzero and the other is that the produdiv~ ~mciency of

none of the units should exceed unity. This allows each unit 10 achieve the
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maximum feasible e11ieiencyrating with its existing levels of inputs ,ll1doutputs.

An argument in favor of lOtalwcighl J1exibility is lhal if a unit is identified a,

ineffieient in spite of using a favllrable set of weights, it is a strong st"tement aboul

the inefficiency of that unit. Anolher argull1emin favor of total flexibility is that

the dlieiency of dilTnent lmit is e\ aluated ll~ingdifferenl sels ()f weight, alJo\ving

the unil 10express their dl1rermt eireumstan<:e,and different objeeli, es.

In carrymg out the analysis it has been obser\'ed lhut w~ight flexibihly allows

different "nits to assign \ ust]y different \velght~ to the same f"ctOf. ') lms. some

degree of weight flexibility may bc desirable to allo\v units to reflect their

particular cir~umstanecs, However, complete flexiblhl)' becomes unacceptable as

most of the units cmploy similar technologies. pay similar priccs for inpuls,

producc the same kind of outputs and have the same overall objectives. The

intention of incorporating valLlejudgments i, to incorporate prior view, or

information regarding the assessmentllf efficiency of the unils.

However. total fle"ibilily for the weights has been erilieized on several grounds;

1) Fadors of secondary importan,e may dominate a DMU's efficiency assessment.

If the inputs and Olllputsineluded in the analy,is are not equally impOilant, il i, not

sensible to claim that a DMU i" relatively efficienl if lhe weights assigned to the

imporlant inptlt~and outputs are zero. The total flexibility of the unbounded model

may lead to un unfounded emphasis on efficient use of relatively unimportant

inpLllsor the production of relative unimportant outputs, concealing inefficiencies

'in the InO"timportant activities undertaken by the unit.

2) Important factor, may be all but ignored in the analysis. Some inputs and outPLlt

measures may not be considered when assessing the relative efficiency of some

DMUs, As a result, the relative efficiency of"u DMU may not really reflect its

performance on the inputs and outputs taken as a "hole.

3) The implicit assumplion made "hen allowing weight flexibility in DEA is that

the DMUs analyzed may have individual objeelive, and purticular circumstances

thal should be considered when assessing them. Smce the DMUs compared usillg
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DEA arc homogeneous units, in th~ ~ense that they prouucc the ,ame kind of

output~ and hu\,e the sam~ o\wnll objective" it may be unacceptable to assume

that th~ rdative importance ilttachcd to the differelll i~puL~and outputs by each

lmit should differ gr~atly, Although some degree of flexibility on the weight, may

be desirable for the DMUs to reflect their palticular circumstances, it may often be

unacceptable that the weight, should vary sllbstantiall} from one DMU to another.

4) In some case" a ccrtain amount of information regarding the importance of

inputs and outputs might be available, In this case, It would seem ~ensible to take

advantage of the information in deriving estimates nf rdative efficiency.

Therefore, there IS a dilemma. On one hand, some degree of Jlexibility is de,irablc,

since variations ill factor weights may reflect different circumswnces and different

objectives of the DMUs being assessed, and because there is imperfect information

about the values to as;ign to weights. On the other hand, total flexibility can

disguise serious priec inefficiencies in some units [14 J-

The most important is that the complete lack of flexibility, which converts the

problem to that of ratio analysis and obviates the need for DFA. '1herefore the aim

is to be such that to set the upper and lower bounds within which factor wcights are

allowed to vary, The imposition of restrictions on the weights implies the

formulation of value judgments abont the relative importance of the different

outputs and about the relative opporttmity costs of the inputs that proullce these

outputs, By assigning specific values to \veight bound~, lhe decision-maker can

express his/her opinion about the relative importance of the factors, In this wa}

weight re~lriction models. overcome the drawback of unbounded models of not

allowing a priori information to be incorporated in the analy~i.\.

To assess the relative productive elTiciency of various firms i, basically calculating

the weight, needed to be put before the different inputs and outputs ~o (hal to

maximiz~ the individual productivity of the firms, Thi~ could be done based on

two broad classifications, On is subjective approach and the other is objective

approach. the subjective approaches include the Analytic Hierarchy Process,

Delphi method, Weighted lea,t square method etc. The objective approaehe,

i~dtLde Date Fnvelopme~t Analy,is , Principal Component Analysis, Entropy
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Method and Multiple Obj~ctive Progmmming. Subjective approaches d~terrnine

w~ights that relleet subjcctiv~ judgm£lll. btlt those weIghts ean be infl\l~nccd by

thc individual firms Obj~e(ive "pproache<; ddermin~ weights by making use of

mathematical model>, but thcy neglect suhjecti\'e judgment]. Although weight

l'ejlrietions effectivel} discriminate betwecn elTicient and inelJicicnt \lnits, nmking

DMUs can still be au issuc,

[n the following dlscussio~ the objective is to analyze variom mcthods thal can be

excrcise in the adoption of\\eight application:

10.1.1 Approach A: setting upper and lower bounds.

This approach was initial!)' dcveloped by Dyson atld Thanassoulis[19n] and

g~neraliled by Roll, Cook and Golany [101]. In this approach the restrictions al'C

of the type:

[Ii < 1-',::: B, for input i

u, < j.l, ::: ~r fol' output r

As can be ~ecn, the restrictions imposc mlilicrical limitj on the weights. The

purpose 01"thcse limits i8 to ensure that ,omc or all \'ariable inputs and outputs

would not be overestimated or ignored in the analysis, The values of the bou.nds

depend on thc context and on the information provided by an expcrt. Such bounds

cou.ld be established only ana analyses of the resulting weight<; of the ol'igin<ll

DEli. problem, i,e" the problem was p~rformed without restrictions. It is important

to !lote that these models produce difTcl'ent efficiency scores Jepcnding on the

orientation (input or output) of thc model, even whcn using constant returns to

sC<lle.ro apply this typc of weight restrictions, ~~emust run thc DEli. classic model

to determine the weight dimensions for each variable (becau<;c it depends on the

magnit\lde of the variable). Only aftel' the analysis of the weights for all variables

and all DMUs, are the restrictions introduced, If the model result, arc unfeasible,

we can relax the restrictions until the unfeasibility disappears. Weight l'cstrictions

allow for the integration of managerial prefcrences in tCllliSof relati"e importance
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levels of various inputs and outputS for example, if output 1 i, a( Ienst twice as

important as output 2 then tillS can b~ incorporated into th~ DCA model by u<;ing

the linear cOllstraint VI > 21'2.

i) Maximum and minimum ""lucs are known befurchand :

When the maximum and minimum weights are known belor~ha~d to the

production managers, thesc values can be apphed a<;constraints to the DCA model,

so that the input and outplll valucs could not mke any of the extreme or

inappropriate values i,e, these eonstrai~t\ may prevent the inputs or outputs from

being over or u~der emphasized,

ii) Maximum and minimum valucs arc Rot known beforehand:

The maximum, minimum and average values 'which ha\'e been obtained hy running

the model may be u~ed by applying proper judgments to determine the range for

the wcight, [14].

10.1.2 Approach B: Assurance Region concept

The Assurance Region Or AR method was developed by Thompson ct.eL[ll5].

They u,ed DEA to analyze six lexas sites for location of a high energ}' Physic, lab

called Super colliding Super Conductor or simply SSC which was directed to

advancing fundamental knowledge in Phy.,ies. Five of the six sites were DEA

efTicient. This "a<; not satisfactory so they then med survcy datu and expert

opinion to specify hounds for the virtual multiplier:<: or the eomtruints. The AR

method identified only one efficient DMU for the location of sse and this site was

selected by Texas and "on in a national competition award,-conducted by the US

Department of Energy in 1988 as the location for the SSC.

In choosing (he optimal weights for the ineffieien( unit, there are many zero values

as the coefficients of (he inputs and outputs. The AR comes from the co~cept 01'

limiting the regions of weights to some special regions based on a number of
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ca!Cllla(;on, cillTled am by the cxpcrt, w (hc r~le\'ant field The AR model can be

mathematically e~prc,scd a, follow,:

Subjcet to:

m
LVjxjQ = 1
j=O

( 10.1 )

,
L>rYrO
r=l

m"L:VjxjQ .:::0, j= 1, --------"---, n

;=1

i< k, i,k=1,----.m

r<t, r,t=I,----s

i= i,------m; r=i,----o

where A, and R, are the lo\\'er and upper bOUlldsall the Hltios of illPut weights and

ii, and b, are the lov"er and upper bound, on the ratios of output \\.eight.,.

Rearranging the terms in the above model we get the following most commonly

u,ed form of AR constraint,:

r = 2.-----,s

i= 2,---, m

""here the vaine for a, b, A and B be pwvided by the expert.
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10.1.3 Approach C; Cone Ihtio modd

The ~onc-ratio modd is a method involves generating a cone spunned by the

optimal virtual muillpli~rs of eftkient DtvlUs whlch sati<;fy eeltain condition,

specified hy the decision-maker. The following example rnu)' be t1,efui to illustl'ate

the concept of convex cones graphically. The situation of Ilpp~rel industry in

Bangladesh could be analyz~d wh~n two inputs are considered- the labor and the

UlItomation. In the arcas su~h ;!~ the export pro~~s,ing zones where foreign

investment are allowed with certain b~ndit, to the ill\e,tllr~, ~_g_tux holiday, etc,

In sueh zones due to employment of huge e"pitais by the foreign in\'e'>lors auto

machineries gets the priorities over the labor inten,iYc processes. Thus the

management founds it mor~ advantageous to use mor~ und more machine hours

compared to the lahor hours, On the contrary mo~t of the local indu,tries that have

the shortage of capital~ generally depend more upon using labors. There i; another

class of industries those "unt to usc more labor homs lltilrrmg less quantity of

maehine hours. rhus different combinations arc possible with two inpllts--.-one is

labor hours <lnd other is machine hours. Usually we have the apparel industr;e.\

situated in SaV;!r F.Pl" in an around Savar and Ashlllia areas, in the hcalt of the

eupital city Dhaka, Narayangunj, Chialtagong, and very f~" are placed in the other

purts of the eO\llltry.

In !he Figure 10.1 the scatter plot of th~ industries is ~hO\'''l with the pl'Oductiun

possibility set identifying eflicient and ineftieient factories using two types' inputs-

labor hOlil'S and machine hours. The convex cones have heen used to linearly

partition the management styles based on certain pos~ibl~ eombination~ of labor

und machine hours. For example, the line connecting the origin and the point A

represents all points that usc the two inputs in the same ratio as A. Similarly, the

line connecting the origin and the point B repre~ents all points that use the inputs in

the same proportion as B. Therefore, a factory I}ing inside the "F2" cone will have

a ratio of machine hours to labor hours that lies bet\\~~n the eOTT~sponding ratios

for factorie, A and B. Similar other styles can be drav!Il, such <ISC, ete. Thus,

although all factories on the efficieney frontier are technically efficient, not <Illof

them have same Dlanagement styles that "ould satisry th~ company management.

This points out the weakne;s of u,ing llnbOlmded DEA moclels when decision-

- 164-



maker<; havc certain prefcrcnce, l'r when information "bout prices cxists. Cone-

ratio ~on.,tmints eliminate this dmvv'bJ~k 01 stundard models by allu\\.ing ~ones of

virtual llluitipliers to be delin~<l,o that decision makers can in~orporate qllalitative

or price infomlutinn into the analysis.

Laborllours

Figure 10.1: Assurance Region (Geometric Represeutation of Convex Cones).

Suppose that VIand V2are input coefficients und let the management of the

p<lrti~L1larcompany sets the following limits as CI S ~ S C2, where C2:::: CI > O.
'2

Then we have,

When the input-output weights are enclosed in cones. the resulting cone- ratio

DEA model is as follows:
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Maximize fl'l yo

subject to \,TXO" I

_vTX + f./ Y -.:::°

(\0.2)

where X( mxn) and Y(,~n) are input und output vectors re,pectively and ~1(Sxj)

and v(m x j) arc the output and input \\(eight~ re<;peetively.

10.1.4 Approach 0: Fuzzilless

To deal with uncertuinty of the weight;; ill the models it appears that the concept of

fuay scts i, nceded to be introduced. Fuzzy sets are the sets "vith boundaries that

are not preci~e. "The member,hip in a fuzzy set is not a maller of affirmation or

denial, but rather a matter of degree." FCl/f.y ~ets may be defined in the following

manner: When A is <lfCl~/y ~et and x is a relevant object, the proposition "x is u

member of A" is not nece~sarily either true or false. us required by two-valued

logic, but it may be true only to <;omedegree - the degree to ",hieh x i~ actually a

member of A.

The degrees of membership in fuzzy set<; arc most commonly expressed by

numbers in the closed unit interval [0, 1]. Thus fuzzy ,ets express gradClal

transitions from membership (memb~rship valLle of 1) to non-membership

(memhership value of 0) and "ice "ersa. A member<;hip function is a function

which assigns to each element x of X a number, j.1A(x). in tile closed unit interval

lO,I] that characterizcs the degree of membership ofx in A. The closer the value of

. f-lD(x) is to one, the gr~ater the mcmbership ofx in A. Thus, a fuzzy set A can be

defined precisely by associating \\.ilh ea~h elem~n! x, a number between 0 and 1,

which represent3 its grade of membership in A. The membership nmction of a

fuzzy set A can also be represcntcd as A(x).

To completely describe triangular membership functions we need to speeify the

following:
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The mo,t desirabk value, which gets a membership grade of 1;

T\\o least desirable value; - (lne on either side of the most desirable value which

are a~signed membership grade> 0[0, und thc form of the membership function as

it varies betwccn tbe most desirablc and the lea,t desirable values,

r- r

Figure 10.2: Membership functiou.

The mo,t commonly used slwpes for fuay numbers are the triangular. The

triangular functions express the proposition close (0 reul number r. Roth the filZZY

number and crisp numbers are shown graphically in Figure 10.2,

Wh"n the concept of fuzziness in introduced in the existing Data Envelopment

Analysis model the model then is not a uniquely defined lype of model ralber the

model might take many possible variations, depending on the aS5l.Implions or

feutures of the reul situation being modeled,

In developing the DEA model it have been considered that all the coefficients of

the objecti\'e function and constraints ure crisp numbers, but introducing the fuzzy

concepts Zimmerman [130] has suggested the following possible variation>:

Firstly, the decision-maker might not want to ac(ually maximize or minimi/e lhe

objective function. He/.lhe might jllst be interested in "improving the present cost
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situ~tioll," Therefore, he/she might cnd up ,pecif},jng ,ome ",piration k\'cls for th~

ohjectivc function that m"y not b~ <Jdinablc crisply.

Depcnding Llpon \\hether the ohjeeti\'e function is crisp or fuzz}' <lndaceordwg to

the thOllght developed hy Zimmerman [130] thc Fuzzy DFA can be clas,ified \fito

tv,'OIypcs a, follo\\'s:

a) v,'hen both the objective function an<Jthe consttaims are fuul'.

b) whcnlhe con,traints arc fuzzy but the objective function is crisp.

a) In thi, model, it is assumed that the decision maker cau establish an aspiration

level. z, for the value of the objective function and that eRch of the constraints is

modeled as a fuzzy set. Tbe fuzz) LP then becomes:

Zimmerman [130] assumes flA(x) to take a value 0 if the constraint> (or the

objective function) are strongly violated and a value 1 if they arc very well

satisfied i.e. satisfied in the crisp sen<;c.The values between 0 and 1 represent the

"in between" satisfaction.

lnaximize !lyO (l0.3)
T

" Xo

subject to
fly

1-- <
vTX -

LB, :sVj:S lJU,

where

v,
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y ~ ~et of Olllpllt \"alu~s

x~set of input valucs and LB and UB stands for lower bound and upper bounds

r~specti\'cly,

111.1.5 Approach F.: Ab,olute Weight Restricti •.•n OEA.

The implem~ntation of the fuzzy model has the follu\l,ing stcps [naJ:

Step 1: '10 collcct and place th~ TUWdatu in a tubular form.

St~p 2, To run the unbounded model and determine th~ most and leu,t dcsirable

bounds.

Thc data presented in table are plugged into a eCR model without welght

restrictions. The optimal input/output v,.cights and efficiency scores for all DMUs

calculated by the eCR model aTepresenled in a table. Looking at the table it can be

seen that on numerou~ occusion" some inputs and/or outputs took zero weights.

Step 3: To eliminate the extreme values. III the table the values murked with a •

ure the ones that are eliminated.

Step 4: To take the il\'erage of the remaining values. The averages Tu and i v urthe

remaining valucs of all weights arc taken. The averages arc also prescnted in the

table in the row titled "Average after Truncation."

Step 5: Choosc the desirable ratio between the largest and the smallest welght

values. ThL~will be the same as the ratio between the upper and lower bounds and

will be u>ed tll determine [he bound values ba:.ed on the averages. Roll und GolallY

[98a] use two different ratios, 2: I and 3:1 to determine two different sets of bounds

and produce two differem set, of efficiency scores.
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Step 6' 1'0determine the ""lues oftlle bounds, Using a v"lue ofd=2 and using the

fonmLlas.

Step 7: To Solve the fuzzy model.

10.1.6 Proposed me-thod for finding upper and lower limits.

As US\lal the linear cquation\ arc solved and the efficient unit or units are

determined. If there is one efficient unit then we may [Olll'" the same ,veights for

the r£maining inefficient units or production,

If the number of enlcient units are greater than or equal to 2, theu we nw) usc the

mean \'ulues of the all tile inp",l weights and mean value~ and the standard

deviations of the output weights of all the ontput weights separately.

Thus i~ the above model the upper a~d lower limits for may be fixed a, follows:

Let us say,

Input standard = s;

Output mean= vrn

Output standard = Sm

Then the

Input lower limit v.,ill be Ai = Vrn-Srn

Input upper limit Bi= v",+s,

Output loweI' limit will be a,= um-S,

Output upper limit bI"" urn+s,

In the table below the two inputs and one output values have been taken data from

twelve faetories. The productive efficiency scores and ranking arc calculated and

sho\vn in Table 10.2 and 10.3. In Figurc 10,1 graphically the produetivc efficiency

scores have been shOVvTI.
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Tahle 10,1: Data for twelve f••dories.

Factory (I)Input-l (I)Input-2 (O)Output-l

A 20 151 \ 00

n 19 \31 150

C 25 160 160

0 27 168 180

E 22 158 94

F 55 255 230

G ]) 235 220

H 31 206 152

1 ]0 244 190

J 50 268 250

K 53 306 260

L ]8 284 250

Table 10.2: Producti,'e efficiency scores.

N". DMU Score Rank

1 A 0.94 7

2 B 1 1

3 C 0,&9 9
4 0 1 1

5 E 0,86 11

6 1 0.93 8

7 G 1 1

8 H 0.64 12

9 1 0,88 10
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10 J 1 1

11 K 1 1

12 L 1 1

Table 1(1.3;Rank

Rank OMU Score

1 L 1

1 K 1

1 B 1

1 J 1

1 U 1

1 G 1

7 A 0.94

8 F 0.93

9 C 0,89

10 I O.gS

11 F 0,86

I 12 H 0.64

'.m.' •..•••. '-<

,
•,

•
, ••• ,
,
•
•
•
• ~
• " ., " •• " •• " •• ..•

"""-'

Figure: 10.3: Bar graph Score in descending order.
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In Table 10.4 (he same set of data hilv~ been shown an~r incorporating Assuran<:e

Region in the two input quantitie, value; \.C. for !npL1t1 th~ region i<;0.5 to 0 Rand

for Input 2 the reglOtl i; 0.2 to 0.3. After running with this value the prod\lctive

efli<:;eney s~ores and the ranking is shown in Table 10.5 and Table 10.6.

Table 10.4: Dah, with AI{.

DMU (I)lnpnt-l (I)Inpul-2 (O)Output-l

A 20 151 100
B 19 131 ISO

C 25 160 160
D 27 168 180
E 22 158 94
F 55 255 230

G 33 235 220
H 3 I 206 152
I 30 244 190
J 50 268 250
K 53 306 260
L 38 284 250

0.5 (I) Input-l 0.8

0.2 (I) lnpllt-2 0.3

Tahle 10.5: Score with AR.

51. No. DMU Score Rank

I A 0,93 6

2 B I 1

3 C 0&5 8
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4 I D 0.95 I 5

5 E 0.85 I 9

G F 0,73 II

7 G 0,98 4

8 H 063 12
9 I I 0", ",
10 J 0.84 10
II K I I I

I 12 L I I

Table 10.6; Rank with AR.

Rank DMU Score

I L I

I K I I

I B I

4 G 0.98

5 D 0.95

6 A 0.93

7 I 0.86

8 C 0.85

9 E 0.85

10 J 0.84

II F 0.73

12 H 0.63
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Figure 10.4: Bar graph Score with AR.
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CIIAl'TER Xl

CONCLUSIONS AND RECOMMENDA nONS

11.1 CONCLUSIONS

'j he study hus been carricd out with a vievv'to de\'e1op a productivc cfficiency model

for the apparel ind\lstry by cmploying a nyO step Dlelhodology to investigate the

p~rrormanec of individual unit and asses, lh~ delerminants of factors ".hich positively

or neguti\.~ly influence the productivity of the factory------ both in terms of manpower

and technology utiliO\ed and the maximum possible quantity of pieces, which ean b~

pl'Oduced. Thus th~ d~f~etive items remain at an acceptable level and rework of the

items falls gradually. Window unal)',i; has b~en carried out \\iith twelvc months data

with four types of model: con,tant and \.ariable ret\lrns to scale. and inpul and Olllput

oriented models. Three inputs: s~lary and overtime expenses, faclory cost and number

of ~mployees and single output: production quantity produced in pieces have been

taken into account. For both the cus~~ of input oriented and output oriented constant

rcturns to scale, the production month of Seplember cume out a, the most eiTicieot

production month. But in ca,e of variable returns to scale. out of twelve months, six

months: April, July, Septembcr, Octobcr, l\'ovember and December came Olll a, the

most efficicnt production months.

The explanation of the scorc, of the productivc efficiencic, using correlations and

rcgre,sions exhibit the role played or efficiency of managemcnt. Thi, also interprets the

significance of various factors affccting the productivity a<;an indication of high~r

profitability. ln ordcr to find which factors influence the productive ~rficiency of any

apparel industry, a questionnaire incorporating multiple factor.\ (,hown in Appendix A)

has bcen dcvelopcd and thc factory wnrkers have been inlerviewed. After obtaining

detail answers, Chi-Square test has been done and correlations have been calculated.

The important parameters which are significant contributors to the productive

efficiency have been identified. The analysis was done running the software SPSS 11.5

versIOn.
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Fifteen factors such ",: Gender. Agc Group. Work Expcricnce". Lel'e1of ,alj~factions.

Fatigue Relation \vith Faligue. l\umhcr of hou[$ workcd. CompeJ\\ation. Comfort-. ' .
Skill improvemenl, Nonpayment DefelTedpaymcnt, Qua!ificmions.Need I'ortraining.

Mode of learning. were analyzed agaitlst the outpul produced, It h"s h~cn found that the

following factors hJ\'e positive inn\lenees on the O\ltputprouuccd: Gender, Agc (,roup,

Work Experiences. Sutisfactions of the workers and Qualificatim\s of the workers.

From the value., after conducting individnal linear regressions it has been found that

approximately 3.4 perecnt of the variation in ontpul is explained by the gender factor.

approximately 4.2 percent of the variation in output is explain~d by the age group

factor, approximately 3 7 percent of the variation in output is explained by the work

experiences, approximately 005 perccnt of the vuriation in oUlpnt is explained by the

satisfaclion>,4.9 perccnt of th~ variation in output is ~xp!ained by the qllalification~

factor. Also it i, under~tood that there are other factOl'sbesid~> thele contribnting

factor~ which have inlluenccs on the output prod"ced. Thc differences between R

Squur~ and Adjusted R Sqtlare aw vcry small. The error quanlily indicates that the

misspecilication is very smalL I! can be seen that in the higher producing categories,

the percenlage of male \vorkers are increusing proportionately i.e. the male worker~ arc

performing better th,1nlheir counterpart.

Onee the efficient unit is known, it could be rcfcrred to as benchmark for other units. At

the sarn~ time, tbc inefficient units cO\Lldelevate thcir efficiencies wilh r~sp~c! to this

benchmark. The DEA is basically a pl'Ocessof attaching n~cessary coefficients to the

inputs and outputs. But when tbe factors' weights came as zero or ab,urd values. this

indicates imposing careful restrictions, Thns this study could be extended to fix this

problem through incorporating j\Ldgmentalvalues which may be obtained from the

experts in this field or data collected from thc markets. Also knowing various factors.

which affect the efficiencies. Hnding the relationship might be helpful, which in turns

contributes to\vards raising the prodn~tive d'fi~iency of the individual units of

prodLiction.Also there remains the scope for further study relating to the Healtb and

other environmental conditions. The lllodel developed and utilized in thi.1study i, quite

a helpful tool in comparing tbe productive efficiency of the units to be evaluuted. With

lbe data set in hand. the window analysis is carried out i.e. the twelve months input and

output data of the same factory were analyzed, and performance of each of the time

period is oblained, The most efficient period thus obtained may be referred to the
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remawing periods as the ben~hmark, Customized softw<lre ha, becn lI5~tl here to

evaluate the cflidency ~cl'tcs. Plouuctivc emcicncy s~()r"s have b~en calculated bolh

for input and outpul OIienlalion and conSlant and \'ariable return, to scal~; th~reaftcr

scale efficiency hos be~n calculated. An~r combining the input and output model> into

an additive model, the slack b,lse(! modd has been used decreasing the OLltputshick

values ,imultan~ollsly incrcasing th~ i~pul slack values. For the,e ca1culntiom, the dala

from knitting, woven and sweater factories have been used. In 1l10~lof the case" th~

r~\lllt, shQWthat input and output \'alues take arbitrary weights in finuing the effieicncy

seore, indicati~g tile n~ed for impQ,mg rcstriction,> through earcfuljudgmcnts.

11.2 RECOMMENDATIOJ'li"S

The apparel industry is considered to b" the number one foreigtl exchange carning

sector, tilus more cmpha~i~ nccds to be given by the policy mahr\ as well as the

producers. Usually, thc Tim~ and MQ\iQn study is used to evaluate the individual

p~rfonnance of the \\,orkcr and the time needed to complete the required acti"ilic,>,

Rascd on this information the producers set the standard timc needed 10 eomplete a

particular design of apparel, \Vorkel's skill rating and ovcrall productivity of the

productinn process. Rut as has been obscl'Ved. this technique is very much tediolls and

at the ~ame time in"olves human error. This study recommend~ using the DEA model,

which is very much flexible. Thc analysis can be carried out with the existing input and

output data available to the management. With thi,>model, the overall performance can

be evaluated with less complexity,

Thcrefore. the following recommendation, are made:

I. In the analysis of eonstant and variab1c retuJns to scale, three inputs and a single

output have becn considered. This analysis can bc carried out using different

number of input and output combinatio~s, c.g. delivery time can be considered as

an outPLItquantity.
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2. Tile efficient flOntier can be tlra\\n mJding tile ,alary co,t \\ith factory cost III

become total COSIcllnsidenng 1\'10different inputs producing one ,ingle outplll, and thc

outcome of the analysls can be discus\ed,

3. The data set considered have hcen collectcd from around the greater Dhaka city. [he

analy,is may be carried om collecting the dala from outside the Dhah cily e.g.

Chittugong ,md other parts oFthe counll'y,

4. In fintling the factors, respon,ible for augmenting lile producti\'e efficiency of tile

Apparel lactories, fifteen factor, hJve been considercd. mostly relatcd 10 labor

productivity of the workers und wl'rking condition' of the factory. Othcr factors such as

style of leadership, management quality etc, muy be incorporated.

5. Multiple Regression Analysis may also be applied taking into account all the

parameters which may influence the O<ltputof (he fadO\;,',

O. In order to relate the prodClctive ef!icicncy ,cores with the factors which arc

sllpposed to contributc towards their augmentation. u censored regless;on analysis may

be curried out, since the PE value> are discretc in nature antl can vary from 'lero to

unity.
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APPENDIX A

I. The purpo,e nfthis questionnair~ is to find the infonn~llOn th~t affcct positively

or ncgatively the productivity ofthe fildory,

2. Nowhcrc in the qu~~lionnaire space is kepI for name, address, signature of the

persons answering: these queSllOns. Thus the personal idcntity of those persons

could not be established through lhi~ information, Moreover, it is thus assured

lhat assure that lhese information 111 no way \vould reach the

management/owner of the factory and thus no probability exists which might

harm the job of the jndividu~ls or the gronps.

3. I gratefully acknowledge the r~ecipt of the contributiom of the persons thOle

who have answered these qllestions and assure them that the.lc data would be

used onlv for my PhD dissertation/r~search purpose and subsequently to the

pllblication, [hereafter,

Facto,y Code:

Person ID:

Please put tick mark a~ you lind appropriate or filled in the box as asked:

1. Gender: Male D
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FemaleD
Coutd,



2 Age: below 18 o 18-25 1 __ 26-30

31AO D 41 Jnd above cl _

3, How long you are working in these faclory dayshnoI11hs1ycar,'? I _

4. Hovv"many pieces of product<; you arc

able to produce/finish/inspect

as per your job description?

__~Iper hour

5, Name the factors ;,.hich

directly alTects your ,vork~

(al Electricity

(b) Water

(e) Proper lighting.

(d) Machine condition

(e) Supervisor's control

(1) Salary

(g) Family conditions

(h) Di<;tanccof house from faclCJryi.e. factory reaching

(i) In-house fellow worker~ inOuence,

Q) Outside environment

(k) overall factory working conditions

Contd.
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6. Are you 8ati<;fied"ilh tile pre5~n( cnllditio~ o 0% - 30%

o 31%-)0%

o Sl%-IiO%

o 61%-80%

o 81%-andab(J.''''

7.

8

Do you think the workload in heavy for your?

Do you get ellsily tried and fatigue')

DYe,

DYes

ONe

o No

9. Ifws do you think your tiredness is reluted

to factory condition, or your health

o Health D raeto!')' Con

10, How many hours do you think you could

wurk whhom being stopped

D lhr D Ihr.30m

D 2lus. D 2hts.30m

Contd.
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D 3hrs D 3hrs3()m

D 4 1m. D 4hrs30m

0, 1m 05 hrs 30 m

D6hr, D 6 hrs or more

11. Do you think the compensation provided D
by this factory is at par with the

a\'erage industry payment?

Ye; o No

12. [)o you think you <Irequite comfonable 0 Ye;0 No
with your present rank/category

of your j{)b~

13. Do YOll think you need to improvc your 0 Ye;0 No

Skillness/capacity?

]4. If yes, what is your suggcstion for improvement of

your skillness/capacity?

a) Through working in the prcsent

rank for fc\v wceks and not receiving

any payment

Contd
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b) Ready 10 receIVe lraining and ~gr~ew

dedllct from your fllture salary

1 s. State your qualificalions D l\'cver b~en to school

D Below class V

D Class VI/Class Vlll

D Class X/SSCIHSCIHighcr

16. I-lave YOIl reccivcd any

formal training ';

No

17. From ,,,hom did you lcarn

in this type of work? D
D
D
D
D
D

From factory owner

From Management pcople

From Supervisor

From worker

From Outside people

Self made

Thanking }OUtor yom kind co-operations.

"200-



APPENDIX B
._, -,

pcr~onid gender age \lorkcxp prod dec water
1001 2 19 12,0 80 1 1
1002 2 20 12,5 85 1 1
1003 2 22 13.0 120 1 1
1004 2 20 14,0 75 1 1
1005 2 20 14.0 100 1 1
1006 2 25 14,0 101 1 1
1007 2 24 14.IJ 125 1 1
1008 2 25 13.5 85 1 1
1009 2 19 13.5 85 1 1
1010 2 20 12.5 86 1 1
]011 2 21 11.5 84 1 1
1012 2 22 11.5 87 1 1
1013 2 23 10.5 65 1 1
1014 2 22 10.5 65 1 1
1015 2 22 10.5 63 1 1
1016 2 21 11.3 04 1 1
1017 2 25 14.0 7R 1 1
1018 2 21 14.0 79 1 1
1019 2 21 14.0 89 1 1
\020 2 22 10.5 85 1 1
1021 2 22 11.0 65 1 1
1022 2 2J 11.0 76 1 1
1023 2 23 12.0 Y7 1 1
1024 2 7' 12.0 9G 1 1,7

1025 2 23 12.0 97 1 1
1026 2 2J 11.0 97 1 1
1027 2 25 11.5 9S 1 1
1028 2 25 13.5 99 1 1
1029 2 25 13.5 100 1 1
1030 2 25 13.5 102 1 1
1031 2 25 14.0 104 1 1
1032 2 25 14.0 105 1 1
1033 2 25 14.0 106 1 1
1034 2 25 14.0 85 1 1
1035 2 25 14.0 85 1 1
1036 2 25 14.0 88 1 1
1037 2 25 14.0 88 1 1
1038 2 25 14.0 88 1 1
1039 2 24 14.0 89 1 1
1040 2 24 14.0 8S 1 1
1041 2 24 14.0 86 1 1
1042 2 24 13.5 87 1 1
1043 2 24 13.5 R4 1 1
1044 2 24 13.5 81 1 1
1045 2 24 13.5 82 1 1
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personid gender age workcxp prod elee wafer
1046 2 24 14.0 88 I I

1047 , 24 14.0 89 1 1
1048 2 24 12,5 86 I I

1049 2 24 12,5 85 I 1
1050 , 24 12.5 82 I I

105\ , 23 \2.5 83 I I

1052 2 2J 12.5 86 1 I

1053 , r 12.5 89 1 1-'
1054 2 ,- 12.5 82 1 1"-lOSS , 23 13.0 S5 1 1
1056 , 23 13.0 81 I 1
1057 2 23 13,0 811 1 1
1058 , 24 13.0 "" I 1
1059 , 24 12.5 85 1 1
1060 2 24 12.5 89 1 1
1061 , 24 12.5 100 1 1
1062 2 25 12.5 102 1 1
1063 , 25 12.5 104 1 1
1064 2 25 14.0 105 1 1
1065 2 25 14.0 107 I 1
1066 , ]- 12,0 105 1 I-'
1067 , 24 12,0 108 1 1
1068 2 24 12,2 88 1 1
1069 , 24 12.3 89 1 1
1070 2 24 13.3 90 1 1
1071 2 24 13.3 96 1 1
1072 2 24 10.5 93 1 1
1073 ] 22 10.5 96 1 1
1074 2 22 \0.5 98 1 1
1075 2 23 10.5 97 1 1
1076 2 22 10.5 96 1 1
1077 , 22 10.5 93 I 1
1078 2 'J 10.5 92 1 1
1079 2 24 10.5 92 1 1
1080 , 23 10,5 99 I 1
108\ 2 'J 10.5 102 1 1
1082 2 22 10,5 105 1 1
1083 2 2J 10 5 104 1 1
1084 2 21 10,5 105 1 1
1085 , 24 10.5 105 1 1
1086 2 23 10.5 105 1 1
1087 , 23 10.5 106 1 1
1088 2 25 11.5 100 1 1
1089 2 24 11.5 98 1 1
1090 2 25 11.5 97 1 1
1091 2 25 12.5 98 1 1
1092 2 23 10.0 97 1 1
1093 , 25 11.2 96 1 1
1094 , 26 11,2 98 1 1
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personid gender age Il'orkcxp prnd dee water
1095 2 24 10.5 97 1 1
1096 2 24 10.5 96 1 1
1097 2 24 10.3 98 1 1
Ion 2 22 10.3 9S 1 1
1099 2 23 11.3 99 1 1
1100 2 24 1l.0 9G 1 1
1101 2 26 5.0 93 1 1
1102 2 26 14.0 96 1 1
1103 2 28 14.0 96 1 1
1104 2 29 14.0 96 1 1
1105 2 29 14.0 93 1 1
1106 2 29 13,5 95 1 1
1107 2 30 13,5 98 1 1
1108 2 ]0 13.5 95 1 1
1109 2 30 13,5 98 1 1
1110 2 30 14,0 99 1 1
1111 2 30 14.0 94 1 1
1112 2 3D 14.0 96 1 1
1113 2 30 14.0 96 1 1
1114 2 30 13.0 98 1 1
1115 2 30 13.0 95 1 1
1116 2 30 9.0 92 1 1
1117 2 30 12.0 98 1 1
1118 2 30 9.5 96 1 1
1119 2 In 9.5 98 1 1
1120 2 30 8.5 95 1 1
1121 2 30 8.5 98 1 1
1122 2 29 90 97 1 1
1123 2 29 9.0 99 1 1
1124 2 29 90 96 1 1
1125 2 29 90 98 1 1
1126 2 29 9.0 92 1 1
1127 2 29 90 99 1 1
1128 2 29 9.0 104 1 1
1129 2 2Y 9.0 105 1 1
1130 2 29 90 108 1 1
1131 2 29 9.0 109 1 1
1132 2 2Y 9.0 lOS 1 1
1133 2 28 90 107 1 1
1134 2 28 10.0 1U4 1 1
1135 2 28 10.0 125 1 1
1136 2 27 10.0 125 1 1
1137 2 28 10.0 122 1 1
1138 2 28 11.0 1U5 1 1
1139 2 27 12.0 104 1 1
1140 2 28 12 0 100 1 1
1141 2 28 12,0 100 1 1
1142 2 28 13.0 125 1 1
1143 2 28 12,0 125 1 1
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persooid gender :lgc \\'orkcxp prod dee wlIter
1144 2 29 10 126 I \
1145 2 2R 4.0 123 I \
1146 2 29 14.0 1]4 I I

1147 2 29 14.0 128 I I

1148 2 29 14.0 \00 \ \
1149 2 29 14,0 " \ \

1150 2 29 13,0 95 \ \
I 151 2 28 13.0 98 I \
1152 2 28 13Jl 97 \ I

1153 2 2R 13.0 95 I \
1154 2 28 13.0 95 I I

1155 2 28 12.5 9G I \
1156 2 28 12.5 95 1 I

1157 2 29 12,5 96 \ \
1158 2 29 12,5 99 \ \

1159 2 30 12.5 85 \ \
1160 2 30 13.5 96 I \
1161 2 30 13.5 99 \ I
1162 2 29 13.5 100 I \
1163 2 29 13.5 102 \ I
1164 2 29 12.0 105 I \
1165 2 30 12,0 \08 1 1
1166 2 30 12,0 88 I \

1167 2 29 12,0 89 \ \
1168 2 28 13.0 89 \ \

1169 2 28 13.0 87 \ \
1170 2 28 13.5 89 \ \
1171 2 29 13.5 87 \ I
1172 2 29 13.5 85 1 \
1173 2 30 13.5 85 1 I
1]74 2 3D 12.0 85 \ I
1175 2 29 12.0 82 I \
117ti 2 29 12.0 82 I I
1177 2 29 12.0 81 1 \
1178 2 28 13.0 84 I \
1179 2 29 13.0 85 1 \
1180 2 30 13.0 99 \ \
1181 2 30 130 \0\ \ \
1182 2 29 12,5 125 \ \
1183 2 2R 12.5 \04 \ \
1184 2 28 12.5 \04 \ \
1185 2 29 12.5 105 \ I
1186 2 29 13.0 102 \ \
1187 2 29 14.0 11\ I \
1188 2 30 14.0 125 \ \
1189 2 29 14.0 147 \ \
1190 2 30 14,0 148 I 1
1191 2 29 14,0 1J2 1 \,
1192 2 30 13.0 \00 \ \
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personid gender age "orkexp prod elee water

1193 2 29 13,0 100 I I
1194 2 30 12.0 102 I I
1195 0 30 12.5 85 I I"
1196 2 29 12.5 89 I I
1197 2 28 12.5 87 I I
1198 2 2Y 125 87 I I
1199 2 29 12,5 87 I I
1200 2 28 12.5 85 I I
12Q1 7 29 12.5 87 I I
1202 2 29 13.0 " I I
1203 2 30 13.0 85 I I
1204 2 29 13.0 86 I I
1205 7 29 14,0 89 I I"
1206 2 28 14,0 85 I I
1207 2 27 14,0 84 I I
1208 2 27 13.5 85 I I
1209 2 27 13.5 125 I I
1210 2 27 13.5 126 1 1
1211 2 27 12.6 128 I I
1212 2 27 12.8 129 I I
1213 2 27 12,8 125 I I
1214 2 26 80 148 I I
1215 2 26 4.0 147 1 I
1216 2 26 6,5 126 I I
1217 2 28 6.5 126 1 1
121S 2 27 7.5 123 I 1
1219 2 27 7.8 100 I I
1220 2 27 7.8 125 I 1
1221 2 26 7.5 100 I I
1222 2 26 7.5 100 I 1
1223 2 26 14,0 100 I I
1224 2 27 13.5 100 I I
1225 2 27 13.5 100 1 I
1226 2 27 12.6 112 1 I
1227 2 28 12.6 99 1 1
1228 2 29 12.5 99 1 I
1229 2 30 12.5 99 I 1
1230 2 30 12.5 99 1 I
1231 2 30 12.5 99 1 I
1232 2 30 12.4 98 1 1
1233 2 30 12.5 99 I I
1234 2 30 12.5 96 I I
1235 2 30 13.5 96 I I
1236 2 30 13.5 98 I I
1237 2 30 13.5 95 1 I
1238 2 30 12.3 OM 1 I
1239 2 30 12.3 97 I 1
1240 2 30 5.0 98 I 1
1241 2 30 4.5 94 I 1
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personid gender llge workex(l prod elee water
1242 , JO 4.5 98 1 1
1243 2 30 4.8 96 1 1
1244 , 30 4.0 99 1 1
1245 , 30 4.2 102 1 1
1246 2 30 4.2 10' 1 1
1247 , 29 4.3 101 1 1
1248 , 29 3.5 101 1 1
1249 2 29 3.6 101 1 1
1250 , 29 J4 10' 1 I
1251 2 29 J4 105 I 1
1252 , 29 3.5 105 1 I
1253 , 29 3.4 105 I 1
1254 , 29 3.6 110 1 I
1255 , 30 J4 111 I 1
1256 2 30 3.1 100 1 1
1257 , 30 3.2 110 I 1
1258 2 30 3.2 121 1 1
1259 , 30 " 110 1 1.'.J
1260 2 30 3.2 100 1 1
1261 2 30 3.1 100 1 1
1262 2 30 3.0 100 1 I
1263 , 30 3.1 121 1 1
1264 2 30 3.1 131 1 1
1265 2 30 3.1 100 1 1
1266 2 30 3, 1 125 1 I
1267 2 30 3.1 104 1 1
1268 , 30 30 100 1 1
1269 , 30 3.2 100 1 1
1270 , 30 3.3 121 1 1
1271 , 30 3.2 122 I I
1272 , 30 4.5 10' 1 I
1273 , 30 4.5 102 1 1
1274 2 29 4.0 104 1 1
1275 , 29 4.0 107 1 1
1276 , " 40 108 1 1
1277 2 29 4.1 107 1 1
1278 , 29 3.5 108 1 1
1279 2 29 3.6 105 1 1
1280 , 30 39 101 1 1
1281 , 30 3.8 120 1 1
1282 2 30 39 121 1 1
1283 2 29 3.9 100 1 1
1284 , 29 3.7 89 1 1
1285 2 29 3.6 98 1 1
1286 I 30 3.5 98 1 1
1287 1 30 J4 99 1 1
1288 1 30 3.0 99 1 1
1289 1 30 '.9 100 1 1
1290 1 30 2.9 96 1 1
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personid gender age workexp prod eke water

1291 1 30 2.9 96 1 1
1292 I 30 2R 93 1 1
1293 I 30 2.5 93 1 1
1294 I 29 2.5 98 1 I

1295 1 29 2.6 97 1 1
1296 1 28 2.4 97 1 1
1297 1 28 24 97 1 I

1298 I 28 2.5 99 1 1
1299 1 28 2.5 97 1 I

1300 1 28 2.6 98 1 1
1301 I 28 2.3 97 1 1
1302 1 28 2.1 97 1 1
1303 1 28 2.2 98 1 1
1304 1 28 2.2 98 1 1
1305 1 29 2.3 97 1 1
1306 I 28 2.3 97 1 1
1307 1 28 2.6 95 1 1
1308 1 28 2.2 96 1 1
1309 1 28 25 99 1 1
1310 1 28 2.8 69 1 1
1311 1 28 2.9 140 I 1
1312 1 28 2.7 120 1 1
1313 1 29 2.8 100 I 1
1314 1 30 2.9 100 1 1
1315 1 30 4.5 100 1 1
1316 1 29 4.8 100 1 1
1317 1 29 5.0 100 I 1
1318 1 29 4.8 100 1 1
1319 1 29 4.8 100 1 1
1320 I 29 4.8 101 1 I

1321 1 30 5.0 120 1 1
1322 1 30 48 121 1 1
1323 1 30 4.9 121 1 1
1324 1 30 3.9 122 1 1
1325 1 30 3.9 145 1 1
1326 1 -30 4.9 125 1 1
1327 I 29 50 125 1 1
1328 1 28 4.5 122 1 1
1329 1 27 4.6 147 1 - -- - -1

1330 1 27 4.9 100 1 1
1331 1 26 4.7 100 1 1
1332 1 26 4.8 101 1 1
1333 1 26 4.8 121 1 1
1334 1 26 5.0 112 1 1
1335 1 25 5.0 125 1 1
1336 I 25 5.0 125 1 1
1337 1 26 5.0 100 1 1
1338 1 26 5.0 100 1 1
1339 1 28 5.0 121 1 1
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personid gender age workexp prod clec wlltcr
1340 1 29 5.0 100 1 1
1341 1 29 5.0 145 1 1
1342 1 30 5.0 125 1 1
1343 1 30 5.0 122 1 1
1344 1 30 5.0 100 1 1
1345 1 30 5.0 100 1 1
1346 1 30 5.0 100 1 1
1347 1 30 5.0 100 1 1
1348 1 30 50 100 1 1
1349 1 30 5.0 121 1 1
1350 1 30 5.0 101 1 1
1351 1 30 5.0 102 1 1
1352 1 30 5.0 100 1 1
1353 I 30 50 121 I 1
1354 I 30 5.0 100 I I
1355 I 30 5.0 110 I I
1356 I 30 5.0 I2l 1 I
1357 1 30 5.0 100 1 I
1358 1 30 5.0 100 1 1
1359 1 30 1.0 I2l I 1
1360 1 32 1.2 121 I 1
1361 I 3J 1.2 121 I 1
1362 I 39 1.5 100 I I
1363 I 40 0.5 OR I I
1364 I 40 L3 98 1 I
1365 1 40 2.0 99 1 I
1366 1 40 2.0 98 1 1
1367 1 39 2.0 99 I 1
1368 1 39 L3 98 I 1
1369 I 3" 15 98 I 1
1370 I 39 1.4 '" I I
1371 I 40 18 99 1 I
1372 I 40 1.9 102 I I
1373 I 40 L3 101 1 I
1374 I 40 1.6 I01 1 I
1375 1 40 2.0 102 1 I
1376 1 39 20 102 1 1
1377 1 38 2.0 I0 I I 1
1378 1 38 2.0 102 1 1
1379 1 36 2.0 102 I 1
1380 I 37 2.0 101 I 1
1381 I 37 2.0 132 I I
1382 I 37 2.0 125 I I
1383 1 37 2.0 100 I I
1384 1 35 2.0 125 1 I
1385 1 35 2.0 124 1 I
1386 I 35 2.0 102 1 1
1387 I 35 2.0 100 I 1
1388 I 35 2.0 99 I 1
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pcrsonid gender age workc:<p prod dee water

1389 1 35 2.0 99 1 1
1390 1 35 20 OS 1 1
1391 1 35 2.0 98 1 I
1392 I 35 2.0 96 1 1
1393 1 35 2.0 97 1 1
1394 1 35 2.0 96 I 1
1395 1 35 2.0 97 I 1
1396 1 35 2.3 97 1 I

1397 1 35 2.5 96 1 I
1398 I 35 2.4 97 I I
1399 1 34 2.8 98 1 1
1400 1 32 30 99 1 1
1401 1 33 3.0 98 I 1
1402 I 36 2.5 98 I 1
1403 1 36 2.0 97 1 I
1404 1 35 2.2 98 1 I
1405 I 35 2.2 96 1 I

personid light ml, super "I fam faerene ihfwi cnv oul
1001 1 1 1 1 I 1 I 1
1002 1 I 1 I I I 1 I
1003 1 1 1 1 I 1 1 1
1004 1 1 I 1 1 1 1 1
1005 1 1 I 1 1 1 1 1
1006 1 1 I 1 1 1 1 1
1007 1 1 1 1 1 I 1 1
1008 1 1 1 1 I 1 I 1
1009 1 1 1 1 I 1 I 1
1010 1 I 1 I 1 1 1 I
1011 1 1 1 1 I 1 1 I
1012 1 1 1 1 1 1 1 1
1013 1 1 1 1 1 1 1 1
1014 I 1 I 1 1 1 1 1
1015 1 1 1 1 1 1 1 1
1016 1 I 1 1 1 I 1 I
1017 1 1 1 1 1 I 1 1
1018 1 I 1 1 I I 1 I
1019 1 1 1 I 1 1 I 1
1020 1 I 1 1 I 1 1 I
1021 1 1 I 1 1 1 1 1
1022 1 1 1 1 I 1 1 1
1023 I 1 I 1 1 1 1 1
1024 1 1 I 1 1 1 1 1
1025 1 1 1 1 1 1 1 1
1026 1 I 1 1 1 1 1 1
1027 1 1 1 1 1 I 1 I
1028 1 1 1 I I 1 1 1
1029 I 1 1 1 1 1 1 I
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persollid light m/c super sal fam faercue lhfni em' out
1030 1 1 1 1 1 1 1 1
1031 1 1 1 1 1 1 1 1
1032 1 1 I I 1 1 1 I
1033 I 1 1 I 1 1 1 1
1034 1 I 1 1 I 1 1 1
1035 1 1 I 1 1 1 1 1
1036 1 1 1 1 1 1 1 1
1037 1 1 1 1 1 I 1 1
1038 1 1 I 1 1 1 I 1
1039 1 1 1 1 1 I 1 I
1040 1 1 1 I 1 1 I 1
1041 1 1 I 1 1 I 1 1
1042 1 1 1 1 1 1 I 1
1043 I 1 I 1 1 1 1 1
1044 1 1 1 1 1 I 1 I
1045 1 1 1 I 1 1 I 1
1046 1 1 1 1 1 I 1 1
1047 1 1 1 1 I I 1 I
1048 1 1 1 I 1 1 I I
1049 1 1 1 1 1 I 1 1
1050 1 1 1 I 1 1 I I
1051 1 1 1 1 1 1 I I
1052 1 1 1 1 I 1 1 1
1053 1 I 1 I 1 1 1 1
1054 1 1 1 1 1 1 I 1
1055 1 1 1 I I 1 1 1
1056 I 1 1 1 1 1 1 1
1057 1 1 1 1 I 1 1 1
1058 1 1 1 1 1 1 1 1
1059 1 1 I 1 I 1 1 1
1060 1 1 1 1 1 1 1 1
1061 1 1 1 1 1 1 1 1
1062 1 I 1 1 1 1 1 1
1063 1 1 I 1 I 1 1 1
1064 1 1 1 1 1 1 1 1
1065 1 I 1 1 I 1 1 1
1066 1 1 1 1 1 1 1 1
1067 1 I 1 I I 1 I I
1068 1 1 1 1 1 . 1 1 1
1069 1 I 1 I I 1 I 1
1070 1 1 1 1 1 1 1 1
1071 1 1 1 1 1 1 1 1
1072 1 I 1 1 I 1 I 1
1073 1 1 1 1 1 1 1 1
1074 1 1 1 1 1 .1 1 1
1075 1 1 1 1 1 1 1 1
1076 1 1 1 1 1 1 1 1
1077 1 1 1 1 1 1 1 1
1078 I 1 I 1 I 1 1 1
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pcrwnid light m/< super "I "m faereae ihfwi en"_lJut
1079 1 1 1 1 1 1 1 1
1080 1 1 1 I 1 I 1 1
1081 1 1 1 1 1 1 1 1
1082 1 1 1 1 1 1 1 I

1083 1 1 1 1 1 1 1 1
1084 1 I 1 I 1 1 1 1
1085 1 1 I 1 1 1 1 1
1086 1 1 1 1 1 I 1 1
1087 1 1 1 1 1 1 1 1
1088 I 1 1 1 1 1 1 1
1089 1 1 1 1 1 1 1 1
1090 1 1 1 1 1 1 1 I

1091 1 1 1 1 1 1 1 1
1092 1 1 1 1 1 1 1 1
1093 1 1 1 1 1 1 1 1
1094 I 1 1 1 1 1 1 1
1095 1 1 1 1 1 1 1 1
1096 1 1 1 1 1 1 1 1
1097 1 1 1 1 1 1 1 1
1098 1 1 1 1 1 1 1 1
1099 1 1 1 1 1 1 1 1
1100 1 1 1 I 1 1 1 1
1101 1 1 1 1 1 1 1 1
1102 1 1 1 1 1 1 1 1
1103 1 1 1 1 1 1 1 1
1104 1 1 1 1 1 1 1 1
1105 1 1 I 1 1 1 1 1
1106 1 1 1 1 1 1 1 1
1107 1 1 1 1 1 1 1 1
1108 1 1 1 1 1 1 1 1
1109 1 1 1 1 1 1 1 1
1110 1 1 1 1 1 1 1 1
1111 1 1 1 1 1 1 1 1
1112 1 1 1 1 1 1 1 1
1113 1 1 1 1 1 1 1 1
1114 1 1 1 1 1 1 1 1
1115 1 1 I 1 1 1 1 1
1116 1 1 1 1 1 1 1 1
1117 1 1 1 I I I I I
1118 1 1 1 I I 1 I I
1119 1 I 1 1 I 1 I 1
1120 1 1 1 I I 1 I 1
1121 1 I 1 I 1 1 I 1
1122 I I 1 I 1 1 1 1
1123 I 1 1 1 1 1 1 1
1124 1 1 1 1 1 I 1 1
1125 1 1 1 1 1 I 1 1
1126 1 1 1 I 1 I I I
1J27 I 1 1 1 I 1 1 I
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persollid light m/, super sal ram rllcreae ihfwi ell" out

1128 I I I I I I I I

1129 I I I I I I I I

1130 I I I I I I I I

1131 I I I I I I I I

1132 I I I 1 I 1 I I

1133 I I I I I I 1 I

\ 134 1 I 1 I I I 1 I

1135 1 I 1 1 I I I I

1136 I I I I 1 1 I 1

1137 I I I 1 I 1 I I

1138 I 1 I I I I I I

1139 I I I I I I 1 1

1140 I I I I I I I I

114 \ I I I 1 1 I I I

1142 I I I 1 I 1 I I

1143 I 1 I I I I I I

1144 I I 1 I I I 1 I

1145 I I I I I I I I

1146 I I I 1 1 I I I

1147 I 1 I I I 1 I I

\ 148 1 I I I I I 1 I

1149 I I 1 I I I I 1

li50 I I I 1 I I I 1

1151 I 1 I 1 1 1 1 I

1152 I I I I I 1 I I

1153 I I I I I I I I
1154 I I 1 I ,I I I 1

1155 I I I I 1 I I I

1\56 I I I 1 I I I I

1157 1 1 I I I I I I
1158 I I I I I I 1 I

1J 59 I I 1 I I I 1 I
1160 I I 1 I 1 I I I
1161 I I I 1 I I 1 1
1162 I I I 1 I 1 I I
1163 1 I I I I I 1 I
1164 I I I I I I I I
1165 I I 1 I I I I 1
1166 I I I I I I I 1
1167 I 1 I 1 I I I I
1168 I I I I I 1 I I
1169 I I I I I 1 I I
1170 I I 1 I I I 1 I
1171 I 1 I I 1 I I 1
1172 I I I 1 I I I 1
1173 I I I I I I 1 I
1174 I I I I I I I I
1175 1 I 1 1 I I I I
1176 I 1 I I I I I 1
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personid light ml< super snl rom fnerene ihf",i l'nv out
1177 1 1 1 1 1 1 1 1
lIn 1 1 1 1 1 1 1 1
1179 1 1 1 1 1 1 1 1
118() 1 1 1 1 1 1 1 1
1181 1 1 1 1 1 1 1 1
1182 1 1 1 1 1 1 1 1
1183 1 1 1 1 1 1 1 1
1184 1 1 1 1 1 1 1 1
1185 1 1 1 1 1 1 1 1
1186 1 1 1 1 1 1 1 1
1187 1 1 1 1 1 1 1 1
1188 1 1 1 1 1 1 1 1
1189 1 1 1 1 1 1 1 1
1190 1 1 1 1 1 1 1 1
1191 1 1 1 1 1 1 1 1
1192 1 1 1 1 1 1 1 1
1193 1 1 1 1 1 1 1 1
1194 1 1 1 1 1 1 1 1
1195 1 1 1 1 1 1 1 1
1196 1 1 1 1 1 1 1 1
1197 1 1 1 1 1 1 1 1
1198 1 1 1 1 1 1 1 1
1199 1 1 1 1 1 1 1 1
1200 1 1 1 1 1 1 1 1
1201 1 1 1 1 1 1 1 1
1202 1 1 1 1 1 1 1 1
1203 1 1 1 1 1 1 1 1
1204 1 1 1 1 1 1 1 1
1205 1 1 1 1 1 1 1 1
1206 1 1 1 1 1 1 1 1
1207 1 1 1 1 1 1 1 1
1208 1 1 1 1 1 1 1 1
1209 1 1 1 1 1 1 1 1
1210 1 1 1 1 1 1 1 1
121l 1 1 1 1 1 1 1 1
1212 1 1 1 1 1 1 1 1
1213 1 1 1 1 1 1 1 1
1214 1 1 1 1 1 1 1 1
1215 1 1 1 1 1 I 1 I
1216 1 1 1 1 1 I I I
1217 1 I 1 1 I I 1 1
1218 1 I 1 1 1 1 I I
1219 1 I I 1 I 1 1 I
1220 1 1 I 1 I 1 I 1
1221 I 1 I I 1 1 I I
1222 I 1 1 1 I 1 I 1
1223 I 1 I I 1 1 J 1
1224 1 1 1 I 1 1 1 1
1225 1 I 1 I 1 1 1 1
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persouid light mle super ••I fam faueac ihfl\j em' out
1226 1 1 1 1 1 1 1 1
1227 1 1 1 1 1 1 1 1
1228 1 1 1 1 1 1 1 1
1229 1 1 1 1 1 1 1 1
1230 1 1 1 1 1 1 1 1
1231 1 1 1 1 1 1 1 1
1232 1 1 1 1 1 1 1 1
1233 1 1 1 1 1 1 1 1
1234 1 1 1 1 1 1 1 1
1235 1 1 1 1 1 1 1 1
1236 1 1 1 1 1 1 1 1
1237 1 1 1 1 1 1 1 1
1238 1 1 1 1 1 1 1 1
1239 1 1 1 1 1 1 1 1
1240 1 1 1 1 1 1 1 1
1241 1 1 1 1 1 1 1 1
1242 1 1 1 1 1 1 1 1
1243 1 1 1 1 1 1 1 1
1244 1 1 1 1 1 1 1 1
1245 1 1 1 1 1 1 1 1
1246 1 1 1 1 1 1 1 1
1247 1 1 1 1 1 1 1 1
1248 1 1 1 1 1 1 1 1
1249 1 1 1 1 1 1 1 1
1250 1 1 1 1 1 1 1 1
1251 1 1 1 1 1 1 1 1
1252 1 1 1 1 1 1 1 1
1253 1 1 1 1 1 1 1 1
1254 1 1 1 1 1 1 1 1
1255 1 1 1 1 1 1 1 1
1256 1 1 1 1 1 1 1 1
1257 1 1 1 1 1 1 1 1
1258 1 1 1 1 1 1 1 1
1259 1 1 1 1 1 1 1 1
1260 1 1 1 1 1 1 1 1
1261 1 1 1 1 1 1 1 1
1262 1 1 1 1 1 1 1 1
1263 1 1 1 1 1 1 1 1
1264 1 1 1 1 1 1 1 1
1265 1 1 1 1 1 1 1 1
1266 1 1 1 1 1 1 1 1
1267 1 1 1 1 1 1 1 1
1268 1 1 1 1 1 1 1 1
1269 1 1 1 1 1 1 1 1
1270 1 1 1 1 1 1 1 1
1271 1 1 1 1 1 1 1 1
1272 1 1 1 1 1 1 1 1
1273 1 1 1 1 1 1 1 1
1274 1 1 1 1 1 1 1 1
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personid light m/e super sal ram faereac 1hfwi cov out
1275 1 1 1 1 1 1 1 1
1276 1 1 1 1 1 1 1 1
1277 1 1 1 1 1 1 1 1
1278 1 1 1 1 1 1 1 1
1279 1 1 1 1 1 1 1 1
1280 1 1 1 1 1 1 1 1
1281 1 1 1 1 1 1 1 1
1282 1 1 1 1 1 1 1 1
1283 1 1 1 1 1 1 1 1
1284 1 1 1 1 1 1 1 1
1285 1 1 1 1 1 1 1 1
1286 1 1 1 1 1 1 1 1
1287 1 1 1 1 1 1 1 1
1288 1 1 1 1 1 1 1 1
1289 1 1 1 1 1 1 1 1
1290 1 1 1 1 1 1 1 1
1291 1 1 1 1 1 1 1 1
)292 1 1 1 1 1 1 1 1
1293 1 1 1 1 1 1 1 1
1294 1 1 1 1 1 1 1 1
1295 1 1 1 1 1 1 1 1
1296 1 1 1 1 1 1 1 1
1297 1 1 1 1 1 1 1 1
1298 1 1 1 1 1 1 1 1
1299 1 1 1 1 1 1 1 1
1300 1 1 1 1 1 1 1 1
1301 1 1 1 1 1 1 1 1
1302 1 1 1 1 1 1 1 1
1303 1 1 1 1 1 1 1 1
1304 1 1 1 1 1 1 1 1
1305 1 1 1 1 1 1 1 1
1306 1 1 1 1 1 1 1 1
1307 1 1 1 1 1 1 1 1
1308 1 1 1 1 1 1 1 1
1309 1 1 1 1 1 1 1 1
1310 1 1 1 1 1 1 1 1
131 I 1 1 1 1 1 1 1 1
1312 1 1 1 1 1 1 1 1
1313 1 1 1 1 1 1 1 1
1314 1 1 1 1 1 1 1 1
1315 1 1 1 1 1 1 1 1
1316 1 1 1 1 1 1 1 1
1317 1 1 1 1 1 1 1 1
1318 1 1 1 1 1 1 1 1
1319 1 1 1 1 1 1 1 1
1320 1 1 1 1 1 1 1 1
1321 1 1 1 1 1 1 1 1
1322 1 1 1 1 1 1 1 1
1323 1 1 1 1 1 1 1 1
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personid light ml, super "I fam facreac ihf"i eny out
1324 I I 1 I I 1 1 1
1325 1 1 1 I I I I 1
1326 I 1 1 1 1 1 I I

1327 I I 1 1 I 1 1 I

1328 1 1 1 1 1 1 1 1
1329 1 I 1 1 I 1 1 1
1330 1 I 1 I I I 1 I

1331 1 1 1 I I I 1 1
1332 1 1 I 1 1 1 1 I

1333 I 1 1 1 1 1 1 I

1334 1 I I 1 1 1 1 I

1335 1 1 1 I I 1 I 1
1336 1 I 1 1 I 1 1 I

1337 I 1 1 I I I 1 1
1338 I I 1 I 1 1 I I

1339 I 1 I 1 1 1 1 I

1340 1 1 1 1 1 1 1 I

1341 1 1 1 1 1 1 1 1
1342 1 1 1 1 1 1 1 1
1343 1 1 1 I 1 I 1 1
1344 1 1 I I I 1 I I

1345 I 1 1 1 1 1 1 1
1346 I 1 I 1 1 1 1 I

1347 1 1 I 1 1 1 1 1
1348 1 I I 1 1 1 1 1
1349 1 1 1 1 1 1 1 1
1350 1 1 1 I 1 I 1 1
1351 I 1 1 I I 1 I 1
1352 1 I 1 1 1 1 1 I

1353 1 1 1 1 1 1 1 I
1354 1 1 1 1 1 1 1 I
1355 1 I 1 1 1 1 1 1
1356 1 1 1 1 I 1 I 1
1357 1 I 1 I 1 I 1 1
1358 1 1 1 1 I 1 I 1
1359 1 1 1 1 I I 1 1
1360 I 1 1 I 1 1 1 1
1361 1 I 1 1 1 1 1 1
1362 1 1 I 1 1 1 1 1
1363 1 1 1 1 1 1 1 I
1364 1 1 1 1 1 1 1 1
1365 1 I 1 1 I 1 I 1
1366 1 1 1 1 1 I 1 1
1367 I 1 1 I I I I 1
1368 1 1 1 1 1 1 1 1
1369 1 1 1 1 1 1 1 1
1370 1 1 I 1 1 1 1 I
1371 1 1 1 1 1 1 1 1
1372 I 1 I 1 1 I 1 1
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personid light m/, super "I fam f"creac ihfwi en~ out

1373 1 1 1 1 1 1 1 1
1374 1 1 1 1 1 1 1 1
1375 1 1 1 1 1 1 1 1
1376 1 1 1 1 1 1 1 1
1377 1 1 1 1 1 1 1 1
13n 1 1 1 1 1 1 1 1
1379 1 1 1 1 1 1 1 1
1380 1 1 1 1 1 1 1 1
1381 1 1 1 1 1 1 1 1
13R2 1 1 1 1 1 1 1 1
1383 1 1 1 1 1 1 1 1
1384 1 1 1 1 1 1 1 1
1385 1 1 1 1 1 1 1 1
1386 1 1 1 1 1 1 1 1
\387 1 1 1 1 1 1 1 1
1388 1 1 1 1 1 1 1 1
1389 1 1 1 1 1 1 1 1
1390 1 1 1 1 1 1 1 1
1391 1 1 1 1 1 1 1 1
1392 1 1 1 1 1 1 1 1
1393 1 1 1 1 1 1 1 1
1394 1 1 1 1 1 1 1 1
1395 1 1 1 1 1 1 1 1
1396 1 1 1 1 1 1 1 1
1397 1 1 1 1 1 1 1 1
1398 1 1 1 1 1 1 1 1
1399 1 1 1 1 1 1 1 1
1400 1 1 1 1 1 1 1 1
1401 1 1 1 1 1 1 1 1
1402 1 1 1 1 1 1 1 1
1403 1 1 1 1 , , 1 ,
1404 1 1 1 1 1 1 1 1
1405 1 1 1 1 1 1 1 1

persnnid faeeon satis F.t rdfat hrswrk comp comf impsk noop"}'
1001 1 81 2 1 35 1 1 1 2
1002 1 85 2 1 3,5 1 1 1 2
1003 . 1 78 1 1 3.5 1 1 1 2
1004 1 65 2 1 3.5 1 1 1 2
1005 1 66 2 1 3.5 1 1 1 2
1006 1 69 2 1 3.5 1 1 1 2
1007 1 70 2 1 3.5 2 1 1 2
1008 1 69 2 1 35 1 1 1 2
1009 1 69 2 1 3.5 1 1 1 2
1010 1 85 2 1 3.5 1 1 1 2
1011 1 88 1 1 3.5 1 1 1 2
1012 1 70 2 1 3.5 1 1 1 2
1013 1 74 2 1 3.5 1 1 1 2
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persoDid faceOD sllti~ Fat relfat hrs\\ rk eomp comf Impsk Donpa}'
1014 1 62 2 1 3.5 1 1 1 2
1015 1 65 2 1 ]5 1 1 1 2
1016 1 65 2 1 3.5 1 1 1 2

1017 1 66 2 1 3.5 1 1 1 2
1018 1 60 2 1 3.5 1 1 1 2
1019 1 60 2 1 3,5 1 1 1 2
1020 1 60 2 1 ]5 1 1 1 2
1021 1 60 1 1 ]5 1 2 1 2
1022 1 60 2 1 ]5 1 1 1 2
1023 1 60 2 1 3.5 1 1 1 2
1024 1 60 2 1 ].5 1 1 1 2
1025 1 60 2 1 3.5 1 1 1 2
1026 1 60 2 1 3.5 1 1 1 2

1027 1 60 2 1 J 5 1 1 1 2
1028 1 60 2 1 3,5 1 1 1 2
1029 1 60 2 1 3.5 1 1 1 2
1030 1 60 2 1 ].5 1 1 1 2
1031 1 61 2 1 3.5 1 1 1 2
1032 1 60 2 1 3.5 1 1 1 2
1033 1 60 2 1 3.5 1 1 1 2
1034 1 60 2 1 3.5 1 1 1 2
1035 1 60 " 1 3.5 1 1 1 2"
1036 1 60 1 1 3.5 1 1 1 2
1037 1 62 2 1 3.5 1 1 1 2
1038 1 60 2 1 3,5 1 1 1 2
1039 1 60 2 1 3.5 1 1 1 2
1040 1 60 2 1 ].5 1 1 1 2
1041 1 60 2 1 ]5 2 1 1 2
1042 1 62 2 1 3.5 1 1 1 2
1043 1 60 2 1 3.5 1 1 1 2
1044 1 60 2 1 3.5 1 1 1 2
1045 1 60 2 1 3.5 1 1 1 2
1046 1 60 2 1 3.5 1 1 1 2
1047 1 60 2 1 3.5 1 1 1 2
1048 1 61 2 1 3.5 1 1 1 2
1049 1 60 2 1 3.5 1 1 1 2
1050 1 60 1 1 3.5 1 1 1 2
1051 1 60 2 1 3.5 1 1 1 2
1052 1 61 2 1 ]5 1 1 1 2
1053 1 60 2 1 ]5 1 1 1 2
1054 1 60 2 1 3.5 1 1 1 2
1055 1 60 2 1 ]5 1 1 1 2
1056 1 60 2 1 3.5 1 2 1 2
1057 1 62 2 1 3.5 1 1 1 2
1058 1 60 2 1 3.5 1 1 1 2
1059 1 60 2 1 3.5 1 1 1 2
1060 1 60 2 1 3.5 1 1 1 2
1061 1 60 2 1 3,5 1 1 1 2

,:",' 1062 1 62 2 1 3,5 1 1 1 2
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pcrsonid faeeon satis F" rclfllt hrswrk comp comf impsk noopay

1063 1 60 2 1 3.5 1 1 1 2
1064 1 62 2 1 3,5 1 1 1 2
1065 1 60 2 1 3.5 1 1 1 2
1066 1 60 2 1 3.5 1 1 1 2
1067 1 60 2 1 3.5 1 1 1 2
1068 1 62 2 1 3.5 1 1 1 2
1069 1 60 1 1 3.5 1 1 1 2
1070 1 60 2 1 3.5 1 1 1 2
1071 1 60 2 1 3,5 1 1 1 2
1072 1 61 2 1 3.5 1 1 1 2
1073 1 60 2 1 3.5 1 1 1 2
1074 1 60 2 1 3.5 1 1 1 2

1075 1 62 2 1 3.5 1 1 1 2
1076 1 60 2 1 3.5 1 1 1 2
1077 1 60 2 1 3.5 1 1 1 2
1078 1 61 2 1 3.5 1 2 1 2
1079 1 60 2 1 3.5 1 1 1 2
1080 1 60 2 1 3,5 1 1 1 2
1081 1 62 1 1 3.5 2 1 1 2
1082 1 60 2 1 3.5 1 1 1 2
1083 1 60 2 1 3.5 1 1 1 2
1084 1 62 2 1 3.5 1 1 1 2
1085 1 60 2 1 3.5 1 1 1 2
1086 1 60 2 1 35 1 1 1 2
1087 1 61 2 1 3.5 1 1 1 2
1088 1 60 2 1 3.5 1 1 1 2
1089 1 60 2 1 3,5 1 1 1 2
1090 1 64 2 1 3.5 1 1 1 2
1091 1 60 2 1 3.5 1 1 1 2
1092 1 60 2 1 3.5 1 1 1 2
1093 1 65 2 1 3.5 1 1 1 2
1094 1 60 2 1 3.5 1 1 1 2
1095 1 60 2 1 3.5 1 1 1 2
1096 1 64 2 1 3.5 1 1 1 2
1097 1 60 2 1 3.5 1 1 1 2
1098 1 61 2 1 3.5 1 1 1 2
1099 1 60 2 1 3.5 1 1 1 2
1100 1 60 2 1 3.5 1 1 1 2
1101 1 62 2 1 3.5 1 1 1 2
1102 1 60 2 1 3.5 1 1 1 2
1103 1 60 2 1 3.5 1 1 1 2
1104 1 62 2 1 3.5 1 1 1 2
1105 1 60 2 1 3.5 1 2 1 2
1106 1 60 2 1 3.5 1 1 1 2
1107 1 65 2 1 35 1 1 1 2
1108 1 60 2 1 3.5 1 1 1 2
1109 1 60 2 1 35 1 1 1 2
1110 1 62 2 1 3.5 1 1 1 2
1111 1 60 2 1 35 1 1 1 2
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pcrsonid facton salis Fe< rc1fllt hrswrk comp comf impsk nonplIY

1112 1 60 2 1 3.5 1 1 1 2

1113 1 61 2 1 3.5 1 1 1 2
1114 1 60 2 1 3.5 1 1 1 2
11\5 1 60 2 1 3.5 1 1 I 2
1116 1 61 2 I 3.5 1 1 1 2
1117 I 60 2 1 3.5 1 1 1 2
1118 1 60 2 1 3.5 1 1 1 2

11\9 I 61 2 1 35 I 1 1 2

1120 I 60 1 1 3.5 1 I 1 2
1\21 1 60 2 1 3,5 1 1 1 2
1122 1 61 2 1 3.5 1 I 1 2
\ 123 I 60 2 1 3.5 1 I 1 2
1124 1 60 2 1 3.5 1 1 1 2
1125 1 62 2 1 3.5 1 1 1 2
1126 1 60 2 1 3.5 1 1 1 2
1\27 1 60 2 1 3.5 1 I 1 2
1128 1 63 2 1 3.5 1 1 1 2
1129 I 60 2 I 3.5 1 I 1 2
1130 1 69 2 1 3.5 2 1 1 2
1131 1 60 2 1 3.5 1 1 1 2
1132 1 60 2 1 3.5 1 1 1 2
1133 1 68 2 1 3.5 1 1 I 2
1134 1 60 2 1 3,5 I 1 1 2
1135 1 60 2 1 3.5 1 1 1 2
1136 1 64 2 1 3.5 1 1 1 2
1137 1 60 2 1 35 1 1 1 2
1138 I 60 2 1 3.5 1 2 1 2
1139 1 62 2 1 3.5 1 1 1 2
1140 1 60 2 1 3.5 1 1 I 2
1141 1 60 2 1 3,5 1 1 1 2
1142 1 65 2 1 3.5 1 1 1 2
1143 1 60 2 1 3.5 1 1 1 2
1144 1 60 2 1 35 1 1 1 2
1145 I 65 2 1 3.5 1 1 1 2
1\46 1 60 2 1 3.5 1 1 1 2
1147 1 60 2 1 3.5 1 1 1 2
1148 1 65 2 1 35 1 1 1 2
1149 I 60 2 1 3.5 1 1 1 2
1150 1 60 2 1 3.5 1 1 1 2
1151 1 63 2 1 3.5 1 1 1 2
1152 1 60 2 1 3.5 1 1 1 2
1153 1 60 2 1 35 1 1 1 2
1154 1 62 2 1 3.5 1 1 1 2
1155 1 60 2 1 3.5 1 1 1 2
1156 1 60 2 1 3.5 1 1 1 2
1157 1 64 2 1 3.5 1 1 1 2
1158 I 60 2 1 3.5 1 1 1 2
\159 1 60 2 1 3.5 1 1 1 2
1160 1 65 2 1 35 1 I 1 2
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pcrsonid faccon satis Fal relfat hrswrk comp comf impsk non pay

1210 1 65 2 1 35 1 1 1 2

1211 1 60 2 1 3.5 1 1 1 2
1212 1 60 2 1 3.5 1 1 1 2

1213 1 60 2 1 3.5 1 1 1 2

1214 1 60 2 1 3.5 1 1 1 2

1215 1 62 2 1 3.5 1 1 1 2
1216 1 60 2 1 3.5 1 1 1 2
1217 1 60 2 1 3.5 1 1 1 2

1218 1 60 2 1 3.5 1 1 1 2
1219 1 60 2 1 3.5 1 1 1 2

1220 1 60 2 1 3.5 1 1 1 2

1221 1 64 2 1 3.5 1 1 1 2
1222 1 60 2 1 3.5 1 1 1 2
1223 1 60 2 1 3.5 1 1 1 2
1224 1 60 2 1 3,5 1 1 1 2
1225 1 60 2 1 3.5 1 2 1 2
1226 1 62 2 1 3.5 1 1 1 2
1227 1 60 2 1 3.5 1 1 1 2

1228 1 60 2 1 3.5 1 1 1 2
1229 1 60 2 1 3,5 1 1 1 2
1230 1 65 2 1 3.5 1 1 1 2

1231 1 60 2 1 3.5 1 1 1 2
1232 1 60 2 1 3.5 1 1 1 2
1233 1 60 2 1 3.5 1 1 1 2
1234 1 60 2 1 3.5 1 1 1 2

1235 1 60 2 1 3.5 1 1 1 2
1236 1 60 2 1 3.5 1 1 1 2
1237 1 65 2 1 3.5 1 1 1 2
1238 1 60 1 1 3.5 1 1 1 2

1239 1 611 2 1 3.5 1 1 1 2
1240 1 60 2 1 3.5 1 1 1 2
1241 1 60 2 1 3.5 1 1 1 2
1242 1 60 2 1 35 1 1 1 2
1243 1 60 2 1 3.5 1 1 1 2
1244 1 70 2 1 3.5 1 1 1 2
1245 1 60 2 1 3.5 1 1 1 2
1246 1 65 2 1 3.5 1 1 1 2

1247 1 60 2 1 35 1 1 1 2
1248 1 60 2 1 3.5 1 1 1 .2
1249 1 60 2 1 35 1 1 1 2
1250 1 60 2 1 3.5 2 1 1 2

1251 1 60 2 1 35 1 1 1 2
1252 1 62 2 1 3.5 1 1 1 2
1253 1 60 2 1 3.5 1 1 1 2
1254 1 60 2 1 3.5 1 1 1 2
1255 1 60 2 1 3.5 1 1 1 2
1256 1 60 2 1 3.5 1 1 1 2
1257 1 60 2 1 3.5 1 1 1 2
1258 1 62 2 1 35 1 2 1 2
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personid faccon salis F" rclfat hrswrk comll comf impsk noupa)'
1259 I 60 2 I 3.5 I I I 2
1260 I 60 2 I 3.5 I I I 2
1261 I 60 2 I 3.5 I I I 2
1262 I 60 2 I 3.5 I I I 2
1263 I 64 2 I 3.5 I I I 2
1264 I 60 2 I 3.5 I I I 2
1265 I 60 2 I 3.5 I I I 2
1266 I 60 2 I 3 5 I I I 2
1267 I 60 2 I 3.5 I I I 2
1268 I 60 2 I 3.5 I I I 2
1269 I 60 2 I 3.5 I I I 2
\270 I 63 2 I 3.5 I I I 2
1271 I 60 2 I 3.5 I I I 2
1272 I 60 I I 3.5 I I I 2
1273 I 60 2 I 3.5 I I I 2
1274 I 60 2 I 3.5 I I I 2
1275 I 60 2 I 3.5 I I I 2
1276 I 60 2 1 3.5 1 1 I 2
1277 1 60 2 I 3.5 I 1 I 2
1278 I 65 2 I 35 I I I 2
1279 I 60 2 I 3.5 I I I 2
1280 I 60 2 I 3.5 I I 1 2
1281 1 60 2 I 3.5 1 I I 2
1282 I 60 I 1 3.5 1 I 1 2
1283 I 60 2 I 3.5 I I I 2
1284 I 60 2 I 3.5 1 I I 2
12H5 I 60 2 I 3.5 I 1 I 2
1286 I 60 2 I 3.5 I 1 I 2
\287 1 62 2 I 3.5 I I I 2
1288 1 60 2 1 3.5 I 2 I 2
1289 I 60 2 1 3.5 I I 1 2
\290 I 60 2 I 3.5 1 I 1 2
\29\ I 60 2 1 3.5 1 I I 2
1292 I 62 2 I 3.5 I 1 I 2
1293 I 60 2 I 3.5 1 I I 2
1294 I 60 1 I 35 1 1 I 2
1295 1 60 2 I 3.5 I 1 I 2
1290 1 60 2 I 3.5 I 1 I 2
1297 1 60 2 I 3.5 I 1 I 2
1298 I 68 2 1 3.5 2 I I 2
1299 1 60 2 1 3.5 I I 1 2
1300 I 60 2 I 35 I I I 2
1301 I 60 2 1 3.5 1 I 1 2
1302 I 64 2 I 3.5 1 I I 2
1303 1 60 2 I 3.5 I I 1 2
1304 1 60 2 I 3.5 I 1 I 2
1305 I 60 2 I 3.5 I 1 I 2
1306 I 70 2 1 3.5 I 1 I 2
1307 I 60 2 1 3.5 I I 1 2
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personid faccon s~ti" r" rclfal hrswrk comp comf impsk lIonpay

-. 1308 1 60 2 1 3.5 1 1 1 2
1309 1 60 2 1 3.5 1 1 1 2
1310 1 60 2 1 3.5 1 1 1 2

\311 1 75 2 1 3.5 1 1 1 2
1312 1 60 2 1 3.5 1 1 1 2
1313 1 60 2 1 35 1 2 1 2

13\4 1 60 2 1 3.5 1 1 1 2

\315 1 60 2 1 3 5 1 1 1 2
13 J 6 1 62 1 1 35 1 1 1 2

1317 1 60 2 1 35 1 1 1 2

1318 1 60 2 1 3.5 1 1 1 2

1319 1 60 2 1 35 1 1 1 2

1320 1 74 2 1 35 1 1 1 2

1321 1 60 2 1 35 1 1 1 2
1322 1 60 2 1 3.5 1 1 1 2

1323 1 60 2 1 3.5 1 1 1 2
1324 1 60 2 1 3.5 1 1 1 2
1325 1 65 2 1 35 1 1 1 2

1326 1 60 2 1 35 J 1 J 2
1327 1 60 2 1 3.5 J 1 1 2

1328 1 60 2 1 3,5 2 J 1 2
1329 1 60 2 1 3.5 1 1 1 2
1330 J 60 2 1 3.5 1 1 J 2
\331 1 60 2 1 3.5 1 1 J 2
1332 1 60 2 J 3.5 1 J 1 2

1333 J 65 2 1 3.5 1 1 1 2
1334 J 60 2 1 35 1 1 1 2
1335 1 60 2 1 3.5 1 1 J 2
1336 1 60 1 J 3.5 J 1 1 2
1337 1 60 2 J 35 1 J 1 2
1338 J 60 2 1 3.5 1 1 1 2

1339 J 60 2 1 35 1 1 1 2
1340 1 60 2 1 3.5 1 1 J 2
1341 1 64 2 J 35 J 1 J 2
1342 1 60 2 1 3.5 J 1 1 2
1343 J 60 2 1 3.5 1 1 1 2

1344 1 60 2 1 3.5 1 2 1 2
\345 1 60 2 1 3.5 1 1 1 2
1346 1 60 2 1 35 1 1 1 2
1347 1 60 2 J 3.5 1 1 1 2

1348 1 60 2 1 35 1 1 1 2
1349 1 60 2 1 35 1 1 1 2
1350 1 60 2 1 3.5 1 1 1 2

1351 1 60 2 1 3.5 1 1 1 2
1352 1 74 2 1 3.5 1 J 1 2

1353 1 60 2 1 35 1 1 1 2
1354 1 60 2 1 3.5 1 1 1 2
1355 1 60 2 1 3.5 J 1 1 2

1356 1 60 2 1 3.5 1 1 1 2
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pcrsonioJ faceon satis F", relfal hrswrk comp comr impsk no"pay

1357 1 60 2 1 3.5 1 1 1 2

1358 1 60 2 1 3.5 1 1 1 2

1359 1 60 2 1 35 1 1 1 2

1360 1 60 2 1 3,5 1 1 1 2
1361 1 78 2 1 3.5 1 1 1 2

1362 1 60 2 1 3.5 1 1 1 2

1363 1 60 2 1 35 1 1 1 2

1364 1 60 2 1 3,5 1 1 1 2

1365 1 60 2 1 3.5 1 1 1 2

1366 1 60 2 1 3.5 1 1 1 2

1367 1 60 1 1 3.5 1 1 1 2

1368 1 60 2 1 3.5 1 1 1 2

1369 1 60 2 1 3.5 1 1 1 2

1370 1 60 2 1 35 1 1 1 2

1371 1 60 2 1 3.5 1 1 1 2
1372 1 60 2 1 3.5 1 1 1 2
1373 1 84 2 1 3.5 1 1 1 2

1374 1 60 2 1 3.5 1 1 1 2

1375 1 60 2 1 35 1 1 1 2
1376 1 60 2 1 35 1 2 1 2
1377 1 60 2 1 3.5 1 1 1 2
1378 1 60 2 1 3.5 1 1 1 2
1379 1 65 2 1 35 2 1 1 2
1380 1 60 2 1 3.5 1 1 1 2
1381 1 60 2 1 3.5 1 1 1 2
1382 1 60 2 1 3.5 1 1 1 2
1383 1 60 2 1 3.5 1 1 1 2
1384 1 60 2 1 3.5 1 1 1 2

1385 1 60 2 1 3,5 1 1 1 2
1386 1 60 2 1 3.5 1 1 1 2
1387 1 60 2 1 3.5 1 1 1 2
1388 1 60 1 1 3.5 1 1 1 2
1389 1 60 2 1 3.5 1 1 1 2

1390 1 60 2 1 35 1 1 1 2
1391 1 60 2 1 3.5 1 1 1 2
1392 1 . 64 2 1 35 1 2 1 2
1393 1 60 2 1 3.5 1 1 1 2
1394 1 65 2 1 3.5 1 1 1 2
13(}5 1 78 2 1 3.5 1 "I 1 2
1396 1 60 2 1 J.5 1 1 1 2
1397 1 65 2 1 3.5 1 1 1 2

1398 1 60 2 1 35 1 1 1 2
13(}9 1 60 2 1 3.5 1 1 1 2
1400 1 78 2 1 3.5 1 1 1 2
1401 1 60 2 1 3.5 1 1 1 2
1402 1 60 2 1 3.5 1 1 1 2
1403 1 61 2 1 3.5 1 2 1 2
1404 1 60 2 1 3.5 1 1 1 2
1405 1 69 2 1 3.5 2 1 1 2
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persoJ]id dpa~' quali train learn

1001 I 2 2 4

1002 I 2 2 3

1003 I 2 2 3
1004 I 2 2 6

1005 I 2 2 3
1006 I 2 2 3
1007 I 2 2 4

1008 I 2 2 3

1009 I 2 2 3
lOlO I 2 2 6

1011 I 2 2 3
1012 I 2 2 3

1013 I 2 2 3
1014 I 2 2 4

10 15 I 2 2 3
1016 I 2 2 3
1017 I 2 2 3
1018 I 2 2 6

1019 I 2 2 3
1020 I 2 2 3
1021 I 2 2 3
1022 I 2 2 3
1023 I 2 2 4
1024 I 2 2 3
1025 I 2 2 3
1026 I 2 2 6
1027 I 2 2 3
1028 I 2 2 3
1029 I 2 2 3
1030 I 2 2 ]

1031 I 2 2 4

1032 I 2 2 3
1033 I 2 2 3
1034 1 2 2 3
1035 I 2 2 6
1036 I 2 2 3
1037 I 2 2 3
1038 I 2 2 3
1039 I 2 2 4
1040 I 2 2 3
1041 I 2 2 3
1042 I 2 2 3
.\043 I 2 2 6
1044 I 2 2 ]

1045 I 2 2 3
1046 I 2 2 3
1047 1 2 2 4
1048 I 2 2 3
1049 I 2 2 3
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pCl"Sollid dpay quali train learn

\050 I 2 2 1

105\ I 2 2 6

1052 I 2 2 J

1053 I 2 2 3

1054 I 2 2 3

1055 I 2 2 4

1056 I 2 2 0,
1057 I 2 2 3
1058 I 2 2 3
1059 I 2 2 6
1060 I 2 2 3
1061 I 2 2 3
1062 I 2 2 3
1063 I 2 2 4

1064 I 2 2 3

1065 I 2 2 3
1066 I 2 2 3
1067 I 2 2 3
1068 I 2 2 6

1069 I 2 2 3
1070 I 2 2 3
1071 I 2 2 3
1072 I 2 2 3
1073 I 2 2 4
1074 I 2 2 3
1075 I 2 2 3
1076 I 2 2 6

1077 I 2 2 3
1078 I 2 2 3
1079 I 2 2 3
1080 I 2 2 4

1081 I 2 2 3
1082 I 2 2 3
1083 I 2 2 3
1084 I 2 2 6

1085 I 2 2 3
1086 I 2 2 3
1087 I 2 2 J
1088 I 2 2 4
1089 I 2 2 3
1090 I 2 2 J
1091 I 2 2 3
Ion I 2 2 6
1093 I 2 2 3
1094 I 2 2 3
1095 I 2 2 3
1096 I 2 2 4
1097 I 2 2 3
1098 I 2 2 3
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personid dpay quali train learn

1099 1 2 2 ""

1100 I 2 2 6
1 J 0 1 1 2 2 3

1102 I 2 2 J
1103 I 2 2 J
1104 I 2 2 4
1105 1 2 2 3

1106 I 2 2 3
1107 1 2 2 6

lI08 1 2 2 3

1109 I 2 2 3

1110 1 2 2 ","
111 1 1 2 2 4

1112 1 2 2 J
1113 I 2 2 3

1114 1 2 2 3
III 5 1 2 2 6
1116 1 2 2 3
1117 1 2 2 3

1118 1 2 2 3
1119 1 2 2 4

1120 I 2 2 3
1121 1 2 2 3
1122 1 2 2 6

1123 1 2 2 3
1124 I 2 2 3
1125 1 2 2 4
1126 1 2 2 3
1127 I 2 2 J
1128 1 2 2 3
1129 1 2 2 6
1130 1 2 2 3
1131 I 2 2 3
1132 1 2 2 4
1133 1 2 2 3
1134 1 2 2 3
1135 1 2 2 J
1136 1 2 2 6
1137 1 2 2 3
1138 1 2 2 3
1139 1 2 2 4
1140 1 2 2 3
114 J 1 2 2 3
1142 I 2 2 6
1143 I 2 2 J
1144 1 2 2 3
1145 1 2 2 4
1146 1 2 2 3
1147 1 2 2 3
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1148 I 2 2 6
1149 I 2 2 3
1150 I 2 2 3
1151 I 2 2 4

1152 I 2 2 3
1153 I 2 2 3
1154 I 2 2 3
1155 I 2 2 6
1I56 I 2 2 3
1157 I 2 2 3
1158 I 2 2 3
1159 I 2 2 4

1160 1 2 2 3
1161 I 2 2 J
1162 I 2 2 3
1163 I 2 2 6
1164 I 2 2 3
1165 I 2 2 ""'
1166 I 2 2 J
1167 I 2 2 4

1168 I 2 2 3
1169 I 2 2 J
1170 I 2 2 ""'
1171 I 2 2 6

11n I 2 2 3
1173 I 2 2 3
1174 I 2 2 3
1175 1 2 2 4

1\76 I 2 2 3
1177 I 2 2 3
1178 I 2 2 6
1179 I 2 2 3
1180 1 2 2 3
1181 I 2 2 J
1182 I 2 2 4

1183 I 2 2 3
1184 I 2 2 3
1185 I 2 2 3
1186 1 2 2 6
1187 I 2 2 3
1188 I 2 2 3
1189 I 2 2 J
1190 I 2 2 3
1191 1 2 2 4

1192 I 2 2 3
1193 I 2 2 3
1194 I 2 2 6
1195 I 2 2 J
1196 I 2 2 3
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1197 I 2 2 )

1198 I 2 2 4

1\99 I 2 2 ]

\200 1 2 2 3

1201 1 2 2 ]

1202 I 2 2 6

1203 I 2 2 )

1204 I 2 2 ]

1205 1 2 2 ]

1206 I 2 2 4

1207 1 2 2 ]

1208 I 2 2 3

1209 I 2 2 ]

1210 I 2 2 6

1211 1 2 2 ]

1212 I 2 2 3

12 \ 3 I 2 2 ]

1214 1 2 2 4

1215 I 2 2 ]

1216 I 2 2 3

1217 1 2 2 3
1218 1 2 2 ]

1219 I 2 2 ]

1220 I 2 2 6
1221 1 2 2 ".-
1222 I 2 2 ]

1223 I 2 2 3
1224 1 2 2 4
1225 I 2 2 ]

1226 I 2 2 ]

1227 I 2 2 6

1228 1 2 2 ]

1229 I 2 2 3
1230 I 2 2 ]

1231 I 2 2 4

1232 I 2 2 3
1233 1 2 2 ]

1234 I 2 2 6
1235 I 2 2 3
1236 1 2 2 3
1237 1 2 2 ]

1238 I 2 2 4

1239 I 2 2 ]

1240 1 2 2 3
1241 I 2 2 ]

1242 1 2 2 3
1243 1 2 2 6
1244 I 2 2 ]

-1245 I 2 2 .3
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1246 1 2 2 J
1247 1 2 2 4
1248 1 2 2 ]

1249 1 2 2 ]

1250 1 2 2 ]

1251 1 2 2 6
1252 1 2 2 J
1253 1 2 2 3
1254 1 J 2

,,
1255 1 ] 2 3
1256 1 ] 2 4
1257 1 J 2 ]

1258 1 J 2 ]

1259 1 3 2 J
1260 1 3 2 6
1261 1 ] 2 ]

1262 1
, 2 3.,

1263 1 ] 2 ]

1264 1 ] 2 ]

1265 1 J 2 ]

1266 1 J 2 4
1267 1 ] 2 J
1268 1 ] 2 J
1269 1 3 2 ]

1270 1 J 2 6
1271 1 ] 2 J
1272 1 J 2 ]

1273 1 ] 2 J
1274 1 ] 2 ]

1275 1 ] 2 4
1276 1 J 2 ]

1277 1 3 2 J
1278 1 J 2 ]

1279 1 J 2 J
1280 1 J 2 3
1281 1 J 2 6
1282 1 3 2 3
1283 1 J 2 J
1284 1 3 2 3
1285 1 J 2 ,

.'
1286 1 ] 2 3
1287 1 ] 2 4
1288 1 ] 2 ]

1289 1 3 2 ]

1290 1 J 2 ]

1291 1 3 2 J
1292 1 3 2 6
1293 1 3 2 J
1294 1 ] 2 3
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1295 I 3 2 3
1296 I ] 2 4
1297 I 3 2 ]

1298 I 3 2 ]

1299 I ] 2 3
1300 I 3 2 ]

1301 I 3 2 6
1302 I 3 2 3
1303 I 3 2 3

1304 I ] 2 ]

1305 I ] 2 4

1306 1 ] 2 ]

1307 I ] 2 ]

1308 I 3 2 ]

1309 I 3 2 3
1310 I 3 2 3
1311 I 3 2 3
1312 I 3 2 3
1313 I 3 2 3
1314 I 3 2 ]

1315 I ] 2 6
1316 I 3 2 3
1317 1 ] 2 ]

1318 1 ] 2 ]

1319 I 3 2 3
1320 I ] 2 ]

1321 I ] 2 4
1322 I 3 2 ]

1323 I 3 2 ]

1324 I 3 2 3
1325 I 3 2 3
1326 I 3 2 3
1327 I 3 2 6
1328 I 3 2 3
1329 I 3 2 3
1330 I ] 2 3
1331 1 3 2 4
1332 I 3 2 3
1333 I ] 2 ]

1334 I , 2 3.,
1335 I ] 2 ]

1336 1 3 2 6
1337 I ] 2 ]

1338 I 3 2 ]

1339 I ] 2 ]

1340 I 3 2 4
1341 I 3 2 3
1342 I 3 2 3
1343 I 3 2 3

-232.



pcrsonid dpay quali train learn
1344 1 3 2 6
1345 1 3 2 3
1346 1 3 2 3
1347 1 3 2 4
1348 1 3 2 3
1349 1 , 2 6"'
1350 1 3 2 3
1351 1 , 2 3"'
1352 1 3 2 4
1353 1 3 2 3
1354 1 3 2 6
1355 1 3 2 3
1356 1 3 2 4
1357 1 3 2 3
1358 1 3 2 3
1359 1 3 2 6
1360 1 3 2 3
1361 1 3 2 3
1362 1 3 2 6
1363 1 4 2 3
1364 1 4 2 3
1365 1 4 2 4
1366 1 4 2 3
1367 1 4 2 3
1368 1 4 2 4
1369 1 4 2 3
1370 1 4 2 3
1371 1 4 2 3
1372 1 4 2 4
1373 1 4 2 3
1374 1 4 2 3
1375 1 4 2 3
1376 1 4 2 2
1377 1 4 2 3
1378 1 4 2 3
1379 1 4 2 3
1380 1 4 2 2
1381 1 4 2 3
1382 1 4 2 3
1383 1 4 2 3
1384 1 4 2 3
1385 1 4 2 2
1386 1 4 2 3
1387 1 4 2 3
1388 1 4 2 3
1389 1 4 2 3
1390 1 4 2 3
1391 1 4 2 2
1392 1 4 2 3
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1393 1 4 2 3
1394 I 4 2 ]

1395 1 4 , 3
1396 1 4 2 3
1397 1 4 2 3
139R I 4 2 3
1399 I 4 2 3

• 140() I 4 2 3
1401 1 4 2 3
1402 I 4 2 2
1403 1 4 2 ]

1404 I 4 2 ]

1405 ' 1 4 2 3

••

-
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