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ABSTRACT

Tt is universally accepted that education improves Lhe
gquality of manpower available for employment,Trained and
educated wanpower ocan make the best possible use  of
rescurces  available, But due Lo financial constraints
and low gross natiooal product  level, devecloping
counlries are not able to finance {orwal schooling to
most  of [(ts people, A praoactical -alternstive that have
aften heen suggested Lo overcowe the shortage of trained
and educated manpower is Lo harness and reinforce the
non—formal methods of learning and skill development,

Hon—-formal vocational learning is inexpensive, largely
se]lf  supporting and combines weducation with production
and  Lraining. A large nuwber of school dropeuts enter
this sector in scarch of livelihood and acguire shkills
and conpetencies as a by-product of deoing productive
witrr'k . A radical rethinhing of how to bring about
qualitative changes in the vocatlienal learning process
can be seen in recent years, Many essential elements of
whal could be called a new approach to training and
skill development have been identified. The reprocessing
of sehug]  dropouts have alsoc gained considerable
albtenLlion and efforts to bring them in the mnational
skill struclure have been worked out,

The hasic prewmise of this stndy is that, the natnre of
the new approach dowmands a corresponding new approach fo
testing and evaluation of these shkills, for their
reinforcement and proper uwtilization, Inm this stuldy &
guantitative wethed for mneasurement and evaluation of
knuwliedge and skills have beocen proposed. The method will
be specially suitable for aprpriasal of individuals who
have acyuired thelr skills ocutside the forwal learocing
system, This can be an alternative as well as &
complinentary method to the present examination syszten
and will serve guite well with 1Lhe newly introduced
Woatilonal Skill Standards in Dangladesh,
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1.0 INTRODUCTION

Most nations today are development minded. The less
developed countries which have been poor and slagonant
For centluries are in a state of revolt against poverly,
diseazse, [gneorance and dowinance. The advanced countries
likewise are commiltted to growth and the more rapid and
specbacular, Lhe Lelter,

The building up of a2 modern mation depends wupon  the
developpenl ol its pecple and the organisation of human
activities, Human resource development (HRED) ia the
process of incroasing the shills and the capabililies aof
all the prople in the society. In sacial and cultaral
poeint of view, the develoupmenl of human resources halps
people to lead fuller and richer lives, less bound by
tradition. In short, Lhe process of HRD unlocks the door
to modernisation, Limited develoupment of human skills,
mainly duc to poor education and lach of training ‘leads
te wunderutilization of Lheir intellect, Ffaculties and
potentials and result®s in lack of uptimism, Generally
speaking, the basic problems of most underdeveloped
countries are not so much due to poverty of matural
resources as Lo the underdevelopuwent of their human
potentials.

The first task in such a scceity is to build up its
hunwan capital, which inplies improvemont in educatien
and the mental and physical health of its people. But
preper education must he accowpanied by adeguote cutlets
for the knowledge and training Lhus ncoguired. Any
cducational programnme, where technical training s
fmparted to £he youth, wmay become conplicated and a
source of scoclial distortion, [f propsr outlets for the
trainees are not provided, In rursl areas, thase, whe
have higher education and improved technolegical skills,
become misfits te the rural economic activities and

prefer to wmigrate to the urban areas, Obvinisly an
educalional  system of this kind can neither encourage
muss utilization of newer technolegies, Lo activate

development nor can it arouse among the young, a respect
for the soceily in which Lhey have been brought up.



Instituies of Technalogies and the Ingineering

University [repares and itraines, respactively midlevel
and hipher Jevel technolugists and cngineers. The
Bangladesh WNational Council for Skill Development and
Training lhas proposed a verlical wove—up scheme for
skilled crattsman which is presented in Figure — .

Under {1hie above systesm school dropouts and scheaol
leavers .ar  take eithar a formal institution based
traininy o learn  their skill on Lhe Gol  in an
industrias eslablishment. The first stage can  load Lo a
sewni-skill level certificale. I1un the second stage

further Jdevelopment can take place esither way leading Lo
a full— skill level certificate., Tt can be olsorved that
apart from a forwszl institubicnalised schoeoling  system,
another route of skill developwent has been recornised,
A preat nurser of skilled worker gencrates through Lhis
route and rcrwm the wmajority of skilled workers in most
countrie~. They are produced " on the job * in  the
informse . sector, lihke apprenliceship, eilher in Lhe
Lraoditional  workshop household or the semi-traditional
small way.ide worksheps. Even in the modern  industrial

sector, i. is prebably true, that learning al  the
entoerprise vvel constitutes a vory large propurkion  of
the tLtotal :kills and comnpetencies acquired by the
workaers

Cfforts to goality Lhese manpower will have a 1navourahls
impact op tie developmeni effort of any couniyy. NCSTT
has alre.dy approved National 2kill Standards {or Lhe
throe levels of 13 trades, while some tthers agre  in

process, A scientific method of grading and evaluation
along  w.ih the standards will go a long way i meeting
the doa: felt need of Lhe iupumerabie craftswen,
specially those who acquire their shills ol side  ihe
formal lea~rning systew. Any such testing shoulr he baseod
on Lhe knowledge, aptilude and preduct ive skills aof Lhe
workhers, As  this will provide posilive incontive Lo

upgrade  nis job position, which in turno v )] result  in
better pay, the workers would peritaps ses thoe way of
impreviug  *hair  knowledge base as well as skills and
confidence. A sense of self respect will generate and
healthy rowpetition wight arise, consequently  vertical
Jab losling based on skill regquirement will be pussible.
The national economy will also be benefited with better
preduclivity and work guality.



For a devele:ing country like ours, greater need (s for
manpower crvgaged in adapitive technology Lhan in
fundamental research, The vast majority of humanity in
these countries live in tradilicnal and semi=-lraditional
societies, Problewns relaling to the improvemeont of lheir

50C1I0—€COnotic conditions cannot Lie: resolved
salisfactorily within the precint of scienlific and
acadonmic fnstitutions. The challenge iz  acute and
tnlricate.,  The vast majority of Lhe people have litille

access . to LYormal technical education, The need for
gvaluatinn  and recognition of the non—-tforwal method of
learning  thns  cannet be ignored. The linking up of
learning with productive activity have heen found to
faster seljl=reliance andd fasler indigenisanbion of
technolusy in wany saciellies,

Two  world wars and interwilblent periocd of -orosperity
emphagized the need for syvslematic means ol besining for
10k skills, Tor efficieni running of fndasiries,

workshoos and modern farms, a sbresm of  well ftrained.,
skilled &ad educaled manpower was urgend 1y reguiced.
Thus  amt analytical approach to lraining peoople in
differen., shills al a shaort time was LDovrn., This
lraining takes places in formal insbtibnlions ander the '
guidance 017 professional instructors. Theo trainees are
qualified +tinrough {ests and examinations and a feormal
certificale 1is awarded afier successful completion. On
the othes fand inforwal training is age old and  takes
place in re:al lifte workplace as a hby—product of
production, In early times these skills developed from
the needs o mankind to sustain and defond himself in
an unhkind  environment. The skills usualiy pansed fron
father to son and near relalives, but as saceity
advanced and demands {or goods increased, 1he skilled
crafksmen started taking apprentices, Lo belp him. lThose

APpTEn. f s aradually  learnl Lhe trade iy picking
whalever ey could from their peer ami fellow
apprentices,  The system exisls sEill todary in the

traditional workshops and farms of wany countrieos.

In Bargladewh, as in alher developing -ountries there
oxists a formal systew of edoucating and training
technical wmwinpower, The Nalional Council for Skill
Develoomene & Training is the apex orzanisabtion for
puidinzg t'we developuent of hase level skilled wmanpower
in Bangl#ucsli, while the Polytechnic Instilules,
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2,0 OBJECTIVeS OF THE STUDY

The ac c-quate supply and distributicn of shilled

manpowel in the national ECONCMY is a basic
ingredient +to its viability and more specifically in
improving :.s5 technological base. This supply can cone

from ftwo sfources, the feormal institutional eduacation
process and the fuformal "on-the—-job" learniug process.

FPrezsenilly fzrwal learning sysbem iz nobt producing a
proper nix asz well as sutficient manpower in Bangladesh,

and in wany other developing crountries. As a result
various secltor of the cconomy fall short of the right
number a el conbinal ion  of manpowWer needed for
development, while some other sectors generatc jobless
lilerabe==, On one hand, doe te paucity of resources,
proper - Jucalional facilities cannch be praoavided to  the

people, on the ether hand,thcere is considerable wastages
of availalle resources, in various ways, Wastage due to
slagnaliun and draopouts acconnts for thae larger
proporticn  of education losses. The students who cross
the hurdle of examination with some vears of failure
give rise to stagnation and those siundents whe dropout

of the cowrse wibthout completing it, give 1iseo  to
widalnge dus  te dropout, Ancbher group, whe  does oolb.
utilizes tis Lraining give rise to annther component of
wastage: Informnal learning on the other haned is

generally in gear with the liwmited technologiczl need of
the productive sectoar of a country. The iutersction of
wan and mrrvhines results in better utilizalion of
availlable tr-ochnology and human resources. The goneration
of the wype =nd numbers of skilled hands are influen.-ed
by the sugir--economic factors of the coun! ey,

IL is oftern difficult at an early stage of econcmnic
developnent *o prodict  manpower needs. Morcover there
i= lodas a tast race belwean irnovat ion and
nhsalessarnere  due Lo exponential  growth of  toechnology,
Anman inotoelleclual polential will be greaily wisbed [({ a
Fraowising youngman s preparced  for oa jeb theb wight not
exist ir Lho future,



Time has come (o give some positive thoughls an Lhe

nonformal method of learning in  the country, The
informal doing-based learning is inexpeusive, largely
sealf sepporting and  insbkrumental in acquiring

technolagical capability of a nation. At  zome stage of
economic development it is a necessity 1o mainlain
progres:s, a machanismn to get release frow teclnological
dependeacy. The example of " Dhelai Khal" industrial
enterprizses is a glaring one . But the prevalent
general) w.ew that farmal education givos recoguition sand
status, ave led te frustation and lack of apporianities

Ter  the skijled hand, thal emerge  rom the informal
sectar, nz recruitment policies of large scale and
pnublic suctor worganisalicns, bascd on educational

selectivify are other deterepbt. Job spocificalion there,
gquite oflon’ ieqguires qualification partly in emulation
of advanced rountries and partly bocause Lthe ecucational
sysiem is oveir providing,

This siudv is proposed ta deal with knowledge and
vocaticonal  =shill acguisition of Lhe Hhusan inputs  in
the nonfeorwsal learning seclor, &4 " Knowledge Index " is
prepoesed to Le devised based on scientifiec teckniyuos of
evaluaticy  and rating to serve as an uselul nelhod to
qualify 1ho skilled craflsmen. The impoartanrcre of the

scale lies in - its wide polontial to provide a
desperateiy  needed tesiing and evaluabion nobthed Lo
suil  a large number of cralbsmwen of various Lackiraund

and discieline, specially these whao did not nawe acecess
to formal instiluion bascd tralining.



3,0, LITERATURE REVIEW
3.1 NONFGRMAL SKILL LEARNING

Presenl hkaowiledge about the differenl aspoch of intorwal

learning s not  adegquate, The learning roulines  and
cnviranrer. that exist in this sector have not been
svstemnatiealty  explorad, Hrecially 1n the  eountry,

thure  Pud bean lillle efiorts to find the rpelationship
that exishts hotween learning and productive acl ivilics.

Harhison a7l Mvera (1) bave pointed out Lhal, in the
developing coyntries " there are wany kinds i
institution: for on=Lhe=job training of manpower, for
eliminating illiteracy amoeng adults apd for COMMmIn ity
developmept. But with the exception of China, Lhey are
given much less attenbtion than they deserve and in  many
cases their potentialities have hardly bueen discovered,
let alone exzlouited,”

In China, education is far more than schaaling, Tt weans
continuean . indectrinatioen, propaganda, skill development
and agitation., And the policy has bheen to  stress not
only work wilh education bl also educatiop wilh  work.
The {hinesze valers have described their philvsophy  as
applicc to education in the fallowing teras (27
"We have pul intoe effect a preograomee with equal ewmphasis
on  schools operated by the stale and those operated L
fnctories, Frines, Fovernmental organs, enterprises,
civil bodias, armed foreces, peoples cowmnunes, cities anpd
street ciogan:sations; on full tiuwe, part 1iune and spare—
time edocablinn; on school education apd self edocalicn,
add o tution free and tubtiun paving education ™

Tt is wafficult Lo evalnate ihe sugeess of  this
drive, to slace Lraining vesponsibility  on cmploviog
eryanisat’or @ and civie hodies but 1t dors wive clear
indicat iun -hat the Chinese arve placing najor cownphasis
on the uppeishing of enployed and adult manpowerr in thair
broad staiey {or human resources develapnont.

On the job: Lruining has alwo spread widely in many ol heyr
countries in Fasl Curape, Latin America and Saulh  4Asia,
In Columtia, for example SEN4 (Services Natinnal de



Aprendizise) has developed an outstanding programms  of
aprenliceship bralning, night courses for adult workers.
The  SENA orgonisalion in controlied by the Hinistry of
Edurwelieon ot are fipanced hy prospective ewploying
organisabtions, with the result that ils activities are
clousely geared Lo “"the needs of the faclories, which are
taxed [or 1ls services.

Even in advanced countriesz like United States, there has
Leen a lot of debates on the benefits and efficiency of
aon—the—-jab learning. David {3) writecs "Wocat lonal
Educalion 1= itt on the premise that the studenti
lizarns kest by doing, by exercising the shills hie
neads, widler the sawme conditions he will encounter in a
raal jok., AL hest therefore there are mwany shills that
connot ke taught as well]l io a school shop as in a well
urganised on—th—job learning programme”

[n Tudia, Lhere had been considerable indepth studies an
non—formal wethnd of education, severa]l works has been

done  to find the interrelalionship between different
inpubt and vubtpub factors of education and ways and means
to reduce waslages, In a seminar ocrganised in 1976, it

was  urged that argent steps should ke tabken to  check
femigrakion of village artisan to urban areas in guest
af  other jebs, which is ransing rural brain drain. The
present sloepy village priwmary shools, which have =z
large wastage rate in terms of droupouts and efficiency
in content Jearning should be reorganised as non-formal
vocational edoacation cenires,

Coonmbs and Ahmed (4) have defined " nen~formal education
as an organised systematic educational activity carriad
on, woutside the {rawe-work ot the formal school system
ta provide selected types ol learning situation to
particular subject groeups in Lthe populatiocn, adult as
wez] 1 a< ghildren”. They have shown that non forwal
education wan [nclude within school prograwnes such
Areds  dws agricullure extension, cemmunity development,
farming, lechnical and vocational training etc., They
maintain that non~forwal education itransmits noew skills
and wvalues effectively and economnically and now is a
practical popular alternative.



In the wountry sbhudy scrics on "Technology Policies and

Plannirg." Mahwud (%} has given sene details about
the stale of craftswan training in Bangiadesh. The
craftsiian training Prasrane L Bangladesh ix

sipervised by the National Council fer 5kill Development
& Trainirz, The Dureau of Hanpower Fnpleyuene & lraining
{BMET) nnd the Bireclorale of Technical TFracation (LD1E)
are respopsible for conducting the {formal conrses. Apart
frem the fo-mil courses, non—-forwal Lraining are also
organised by varicus ministries and non—gpovernmental
organiss*t ons, who utilize facilities availanle in
differer. institutions and jndustries., In 1he industry
based Lraining programme, short—tersn in plant  trainiog
is providrd, Yor facilitating en-the—job induslry— based
training .~ TApprentice Ordinance' was promalygaled in
1962, 50 {sr 27 trades have heen declared apprenticable
and 79 trad:s have beoen broughl under the ordinance.  As
reporbed  in a recenl publication af BMET  (6), +L1he
ordinance  is  under revision to breaden “he acope  and
coverage anidl make it more flexible apd respondsnl Lo Lhe
requiremnernl, of the present Lime. The revised
apprent iceship programme  is  expected to provide a
comprehens ive scheme for training within the facilities
availlable in industries.

The foiaal traioning courses conducted by DMET  and DTE
are of two years duration, divided inte two separate
independeal parts i.e. Ist vear and 2Znd vear. Each part
vonsiste  of nine wmonths of instituticonal treining and
three months of iodustrial aliachment. Dirst year
contenl s meel  the requirements of Kalicral 2kill
Standard {Grade ITTY i.c. sewi-skill level. The trainees
on  coupletion of the fivst year course mway go  for
emnploywuent  or if they so desire may alwo cantinne
through ke second year course to meet the requivemecits
of the fnll  skill (Natienal Grade I7) 1lavel. The
Bangladesh Tochnical EBducation Neard is responsible  for
conducting Malional S5kill StLandard test for grade - 111
A erad= ~ 11 and for issuance of NOCES3Ary
certificane s,

Any skilled worker can apply for appropriate trade Lest
for skill covtificale even without attending Lne forwal
training couirses. DMET conducts evening Lrade rcourses
for Lhess workers Lo refresh their technical knowledge
rricr  Le  Lhe test and {or Ltheose who are employved  and
cannet av:il the regnlar day courses.



3.2 MEASUREMENT OF EDUCATIONAL ACHIEYEMENT

A goad nuuber of literature can be found on measurement
of educational achievement. Much work in this respect
hak been done in the United States and other advanced
countries and in India, A namber of wethoeds have heen
developed to evaluate the aptitude and wchievewent of
individuals, wct the problem of grading a persons
achievemsnt hnas always been Jdiffilcult and ftroublesome
and remains till teoday. Some experts believe thal it is
aven wure complex and diificult than the problem  of
tuilding & good test and uwsing 1. In an early classic
on  eduraticnal  weasurement. Thorndike (7} explained
some of the reasons, why educational achievewent often
is difficult Lo weasure. He writes |

Measurement which involve human capacities and acl»
are subjrel le special difficuities due chiefly to.

a) ‘'he abscnse or iunperfection of units in which
to measure,

by The lack of consislancy, in the facts te  be
measurod, apnd

o} 'I'he extreme conplexity of Lhe weasurenents Lo

bhe made, "
Farhks aor Eprades  are. af coursco, measuremnent s af
cducational achievement assigned op Lhe basis of sone
acale, Rut marking sysiem requires evaluabtors, whoso
natural inst incks aften deterwine their judgement. It

has been {ound that quile ofbten sinilar responses  are
graded differently by diflferent judges. Yariability in
marking stnndnrds and practices has been investigatoed by
many researchers, Travers and Grenhund (8), for exauple
found wide differcnces of opinion among wembers of a
{aculty on  what varieus marks, should wean, and the
standards anud weightages that should be followed in
assigning them. Thus an accurate unik ol measurement
that can be uwniformly follawed needs to be evolved.

10



Ehed (7 wiiles thal, publishers of standardised bLoesis
of educatinnz]l achievemenlt and directors of wide—-srcaled
tosting programes which use achievemenl boests tace A
special  preblem in decidiog what Lo test. What is  the
cansistancy in the elements Lhat are to bz wmeocasured,
What ghk the outcomes of @ educalicn hat are
essentialiy qualilative rather than quantibtative, Ts it
reasonable o expect that these gunalilative cutcownes can
ber messurod 7 The weirght of a man, bis nge, his bank
account , 7ra bBe taken as guant.ilics while bis health, hiisg
honesty, his alility bt e cortnln intb, biis
understanding of a problem as qualilies. But it is alsn
possikbli: 12 regard all of thew as quanlitics, And if
Lhiey serve 1r differentiate hiw frow oLlhor men, hecause
e exhikbitbt:. wore or lesz of them {han olher uwen, they
become quant itative gualities.

Thorndixe {310} defended the measuvrability of huwman
traits "y arcwing that " whatever exists ot all, exists
in some apcunt.™  And MeCall {11} thas  adidocd Lhat
"AnyLlhing That exists in amount can be measured.”

Then cowes  the problem of how fto measure 7 the wosl
commonly  weed types  are Llhe discussion  iype, the
abjoctie- type and the wmathewabical probiem Lyvpe of
Lesls, Relative to objective tests, bobth discossion Lype
and preblem lype  Lests are easicr to prepare. Dut
objoctive tests can be scored wmore rapidly  and  mara
reliakly,  than the other Lypes, The woest comuonly  used
types of  cowplely objective tests ibems are mutiple
choice, true false |, matching, and classification. Hany
octher types hus been deserved in comprehensive calaloys

{12).

Thorndilve {13} writes. ™ We have {faith  that whalever
reople auw measure crudely by nmere descriptisve  words,
helpoed out by cowparative and superlabive forms., can be
measurisd  ere precisely and conveniently i0 ingeonuily
amt latrwour e set at the task., We hove faith #lso Lhat
the abieclovo products prodoced, rather than 1he  innor
conditian oy Lhe person whenoe they  sprinzg, are  tHhe
rraoper ooint of altack for the meassurer at leasl in our
day and pgeawration,
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Davis {(l&4' writes that, "The construcbion of =olid and
relilable tests require consideration o gquantibabive
informey an regarding the difficulty and disewminating
pawecr ol each test exercise or item, that is proposed
Mo use’, ‘ftuch information can be provided 10 we
idontify rcvaery item in details and analyse thewm against
VT other and debtermine propoer weightago- betweesn
Ehicemn,

Ciardl (13) writos,

"Having written three words, the poet wush choose a
fourth, Ti deesnot just happen, it must be chosen. And
having w. iftten the fourth he ousl choose a fiflh. And so
on for all the elements of Lthe poem — every imago, every
metric emchasis, every last couma must by selected tor
admissicn. J'he gnod poet is defined by the «¢uality of
Lhe choices he makes — by Lhe exaciness of his  dewands,
and by thae rigidity of hiz refusal 1o wake cheap
climices",

In fine, e necessity of wmweasuring  achievenont and
zhillness of an individunal engaged  in oa cerlain
vocation <an be summarised in the {ollewving words  hy
Nathan (1a),

" We meest oaever forget that to Lthe degrec thal., we are
akle to measure medical competance, to just  ithat same
degree will medical cowpetance be available to  our
people”
.

The litzrature  scanned, indicate the neccssily and
possibility ol devising a scientific meth-a of measuring
cducatisnal  achievewent. So far, no comprehensive  work
in Lhis rosacct has been Laken in the country, aspecially
in  the fi-id of vocational learning. The presendl shuady
dbbempes Lo review and discuss some Ltheories related to
s11ch Aeasurenents and Lo formulate & mothad for
evalualing achievement of vorational skill learning.



4,0 DEVEY OFHMENT OF THE GENERALISED MODEL

In an atloupt to foruwulale a2 model +to measure the
quality o aducatiaonal achievement a number of
characterisifes are relevani. To start with, it is
desirable tc define the prohlem area and Lhen proceed to
find the difierent tools and technigues of wmecasurcment,
currently asailable, Lateor on it might be possible +to
sort  out  Loe various ideas and integrate then.

4.1 DEFINING THE PROBLEM AREA
4.1.1 drowiedge

As defivced in Webster New Collegiate Dicticnary (173
"Knowledge"™ is :

Y Familiarity gained by aclual experichnce.

b} Acquiantance wilh facts, hence, scope
nf informalion,

' The act or state of understanding, or
cornition,

d} Twal,, which is gained and preserved v
snowing, enlightmenl, learning.

This defin Lion suggests the scope of the concept of
knowledze, nd its relationship to or idenlily with
experience, fact, information, understanding,
enlightment, and learning. Phychologists suggesl that
what, a eerion has experienced or learned is  pever

completely forgatton. It all remains somewhere, however
decply  birried and overlaid with other lesrniug  and
experiences, Not. all of the itews in this store of

knowlede= e of equal value, Some are of limited,
temporar :» inferesh, some are indelinite and inacourale.
One of the woest important andd most diffi .olt  tasks of
analvsis s to sorbk out the wore valuahkle ¢nes {rom Lthe
less valuable, It is wasy to say, that bhasec ibems of

konowledy: which are most widely useful or wzsbk  central
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to the performances of a craflsman should be regarded as
mest usetful in formulating a compesite measure of their
knowledge and =kills.

The second wajur problew is Le find the person™s  level

of  command of the knowledge., To  have command af
knowledge is to  have ready access te it and full
conpirehens=ion ol ilys scope, its limitaticons and its
lmplicaticons, It can he called: substantive knowledge.
Subisbant 1ve knowledge encowpnss understand ing and

ahility ko explain, abkility to relate the different
facks, concepts and principles invelved, and the ability .
Lo worle them oot

4,1,2 Learning

Thiere are a variety of definitions of learning, each one
of thew highlighting one or more aspects of learning
activity., Acceording to Sheal (18), theorists however
tend to agree that learning involves, ‘

a2y An  active process of participation, where
learners participate anid are actively
involwved,

b} A relatively permanent change in  behavior.
Gague {l1%) writes, " Lhe change may be and
vllen is an  ingreased capacity for sone
kind of performance,"

¢) The aecquisition of additional information,
skills wor atlitndes. The additional elewment
rruduces the change in performance,

Ridid (20) writes " learning results in certain kinds of
chatge, Lhe most common being the committing te  memory
of  facts, Lthe acqguiring or inprovement of a skill or
FPracess, the developuwent of a changed attitude",
Learning wmay be conscious or unconscions. It may be
st ructared and formal or incidental and informal, Bot
‘ everything a person  has learnt as a result of pereplion
f his ewhlernal environment or as & result of his

internal reflections or thought process, becomes part of
his koowledgs syston.

14



4.1.3 Individual learning Styles

Mol cveryunce learns in the same way and each individual
has his or her own preferred style of learning, Kelb(21)
has  ddentificd four important dimensions of learning
slylas,

a) Hefleclive chaervatiaon

Iy Abstract conceptualization
ct Active experimentation

d) Concrete experience.

REeflective observatien is the preforred styvle of those
learners  who rely heavily on careful observation, and
learn besl frowm siluations that allow impartial
observation., The key word for this style is 'watching'.

aAbstract conceptualization is the preferred style of
| herwre loarncrs  who have an analytical and conceptual
approach Lo learning and rely heavily on logical
Lhinking and rational evaluation, They learn best ” from
theory snd integrate new learning with, what Is already
koowrn. The key word for this style is * thinking.'

Active experimentation, which involves trlal and error
discovery ncbthods, is often preferred by learners with
mechanical and scientiflic intereskts. The key word for
these learmmrs is 'doing'.

Concrete experience is the preferred styvie of learners
who have an experience based approasch toe learning. They
lgarn best frowm specific examples and  involvement. The
key worid hepe is 'feeling',

Frevious knowledge and cxperlence have considerable

influrnce in  the learning process, especially of an
adulbt.  Adults have a rich store of knowledge and
experincs o which te rtelale new information, New

learning lends Lo take on wore weanings as  adults are
whle  to relate il Lo their past experience, Buzan {(22)
conments.

"oAs memary 1% a provuess which is based on linking and
dsueL fat 1an, Fhe Toewor ibtews there are in the recall
stare, 1he less the possibility for new items to e
rogtsteral and conoectbod, ”
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4.1.4 Cralt learning,

In commey. concept, it i Lhe process by which an
individual keocomes good with his ' head' sind 'hand',. The
process involves watchiong, thinking, doing and feeling -
all the stvles of individual learning. Az ewplainsd by
Roger {23), 'Learning takes rplace when adults rome into
direct cowfrontation with problen., A good craftswan

_learns tirst by 'watching and under slanding the
particulur  forwm of Lechnology. Secondly he iLries to
acquire the more general principles and theories
involved or inbtegrates them with his observabion. fThis
allows gro<th of perception and reasoning of wider
application: o Lhese principles., Third Increased
prackice viuhances the ocapacity and caonfidence in

manipulating and cxperimenting wilh t'e technology.
Which in burin generates creative feelings and outlook ta
find alternutive ways and means Lo wmodify the work
node . When sufficient time is provided fur Lthe
assimilalion of new information, practise of new shills
or deveiupm:nk of new atlibudes learning ocan occur
wilhout arxizty and confusion,

4.1.5,.Preblen of Measurement

In the corntext of this thesis, the baszsic -ask 1s Lo find
ways And weans to measure the cutcome of craft learaing,
particularly the non—forwal learning activity, The {irst
problew that arises is to debermine what Lo mezsure, the
second ifs= Lle decide how to measure. How wel]l the first
problen cen be resolved will largely delerwine the
"relevancs'  of the test. To resolve iLhe second problen
the refz-ant factors in the activity have to be assessed
and the essentially gqualitative and the gquuntititive

cutcomes o i he process isolated, Then comes ihe search
for findiun suilahle methods Lo gualiiy these
qualititive swicomes of learning. By ¢guactification |l
iz meant <dis.overing ways of getiing numbers atbached to
examples oif thoe guality so that difference:;. in  Lhe

nombier corrvespond atleast  roughly te the poerceived
di{fcronces n the gquality,
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A descoiption of the process of guantifying A
charactoerist o constitutes what souwe scientist call an
"gperation: . definition" of it.0ften such
characturis<wics start out as rather vague concepts,
based on hunces or hypothesis. The process of devising
a method of feasurement however forees and results in o a
very specific definiton of the thing to be measzured. The
details of the "learning by doing' process are almost

unabservable except o the mersl palnslaking
inveasbigation., Sume ¢f the affects are subtle and wholly
unforeszer, which way not becomes apparcnt untill  after

leng period of experience,

An gxrorivuced eraftsman knows all  the practical
operatiovrs which make up his activily, hut he is often
noet able [o explain, why in this particular silioation he
nses  those operations and in another s#itustion some
othaers., FHe answers, "I {eel it", In fact, thi+ feeling
is nothing, other than the result of perforwance of a
series of opgsrations, directed at isolatineg the definite
attributes of a situation., Bubt the crattswan is oot
aware of ihis cognitive part of his activity and
therelore is not able to give an accownt of  the
cognitive operations invulved in doiog the task. These
glements are the accumulated Mnowledge of  sclience and
technolegy of which he is not fully aware.the other
dimenstoen oL his activity often called psvochomotor
skiltls, of which he is fully aware is the applicalion of
his knowledze to practical lLasks, The application of
this know#edge obviously involves perception aned
thinking aid  growkh  of  experimental and creative
attitude, Vnile ltrying to formulate a model to  Lest a
crafbsman’s performance these eslemcnts should b
ignored,

At the preliwinary investigalion, therefore all paossible
relevant  variables, should bLe included,Ab the analwysis
sltume . will be possible to need cut and ignore  those
varvates whose conkribubion  in the dciual Jjeb
performance is negligihle or correlates with obher
variableos, From the above dizcussion, we may iiler  Lthat
in oraer to ASEESS affactively the fellowing
characlerizl it:s needs to be evaluated,



ay Hia Theoretical Woowhow i.e knowlodoe ot
science and the technolopy of his spaecifiec
trade.

i1 His Practical ability i.e his ability +to
use the knowledge to practical Lash.

cj Lalent wifects of Skills i.¢ his adaptive
and creative abilities |

The threse set of variasles however donot exhaust the
character ol learning, but can only provide us with an
cppurtunity lo order, classify, group and interpret the
major elements of the learning pracess. as mo<t of the
factors involved have a qualitative ounfocowme, Lhe basic
problem in documenting them is to  redingce weasuremnenils
and ob.ervalions to a nueher of variables that can  be

gquantified and interpreted into a siupler form which
convey:s socensary meanings., The mathemalical term of the
system 1 known ds © indexing™.

For constricting the couposibie index appropriale
quantitative. values have to be assigned to the variables
and elemcnws thereof and proper weightapes deoteormined
hetween Lhen by using suitable wmathematicnl Lechnigues,
Ohe may pracoeed cibher by cosbining all the variasbles in
one particular set of variables inte a "composite index™
fer that sot and then combine the indices ol all Lthe
different sebls into a final index. Or one may lake them
all together to build up the final index o Lraipht away,
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4,2 HEASURING TECHNIQUES

Measurements covers o wide range ol activities. The only
thing thay bLave in comwon iz bthe use of numbers, The
wost gweneral definition of measurewenbt weans assignment
of nuuecrals sccording to rules. As the fterm is going to
Lz weed in this lext, a wmeasurenent of educational
achievenent Is a guantitative description of what a
learner has achleved. A wmeasurenent of such achievenent
has te be :

a} objective i.e. free from unigue biases of the
particular judge and

By reliable, i.e. frec trom errors of
nesxsurement |

In principle all achieveunent ur cutcomes of a learning
procizss are nzasural:le. They may not bhe wmeasurable with

tests currently avalluble, But if these oulcomes can  be
bdend ified as  important foer a persons  vecation, © then
they must be measurable, To be important an outcome of

learning wusi wake an ochaservable difference. That is at
some  Lime, under some circumsbances, a person who has
more of it must behave dilferently from a person, who
RIS Tesse of [ Far all wearurenents reqguaire a
verilialble oisorvation uf a mure less relationship. Some
af the theories, relalbed Lo mneasureuwents of learning are
discussed below

4,2, 1DENTIFICATION OF FACTORS

Ydentiftcation of impact factors is an lwportant feature
of  any asseswmenl. It can grow only from a thorough
descript ion of the environmental conditlons, Soclu—
ecautmical as and politico~-logal ete,

Llowpact idenktification are of Lwo basic types viz

<) Scanninkg Ltechiiques

b} Traring lLechnigques,
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In addiilion Lo the above two hoasic types some wethods
combine characterisliecs «af hoth scanning and ftracing

melhads Morphelaogical analysis  is  one, AN hough
mor pholaogical  analysis  was  designed to provide arl
exwhalstive search using scanning technigue, it

neever bhelpss asgsvoed o ficld of structurally relaled
elements az in Llracing wel hod,

4.2.1.1 Scanning Technlgques,

The siuwplest scanning technigue is the chechlist, which
is merely a listing of petential impact elemenbs. The'
cheeklist is  ewployved as a guide for the assesor Lo
ensure a woere  or less exhaustive  impact search., A
checklist mway freguently be nothing moere than a  very
detailed listing of the [aclors chosen [or reducticnist
stratogy.

A rhecklist suvitable for a specific study  can be
constructed from scrap or borrowed in whole or pari from
numevons list appearing in existing assesmenls. Brain
storming, Dalphi technigue, jpanel discusslian and
surveys have bheen used lo generate eleweonts for the
construchion uf checklists,

A matrix {fermwulation can alsa bo done, wherse two aor more
diwensieone are required tor reprasentalicn. Thesec  ardded
timgns=sivns  provide Incresasod capacity to repraesenl.
interdependence lapacls and btheir actuval relatianship Lo
ithe mathber being assessed,

4.2.1.2 Tracling Technigques

The relevance tree is the ziuplest énd wrrsl. the cowmonly
cuployoed  tracing wmecthod. kKelevance tree  graphically
represenl.  Lhe ipterrelabionship or linkages between
varitous wmenbers of some set of elewents., Trees ocan be
considered as graphical outlines,thal progress wore or
less linearly [ron |he genecral Lo bthe specific. Ferhaps
bhe wmost cowaon exanples of Lpeos are family trees  and
the grganitsnbion charl. In the formper fawily lineags is
displayerd, more ar loss chronologically o i Lhe
later, 1he wvariowus lovels reopresceut a  hBierarchy of
authorilices.
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of Lree representation
simultanecsusly displays both the linkages
and Lhe scope, of the impact field,
slructural  framework of the wmethod teuds
scarch for 1wpacts selfi-propagating.
includes the fact  thal eqarly ommisions
sections of the field, leaving seomec iwmpact

Ihc advanlage
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4.2,2 ANALYSIS OF IMPACT

Analysis links the identification of significant inpacls
wilh Lhe evaluabion and the formelation of policy
cplions Lo deal with Lhem., Analysis add substance to the
consideral ion of fwpacts already idenlified. The basic

features of the impact analvysis is 1o chhiain a
camprehensive  piclure of impacts anid cress—iwpacts {or
chalnd usLaliy Ehirouuh lberation, Therefore wlll
inberaction Liolweon academicians, scientists and

experts hoaving leng and uwseful experience in Jdil{erent
disciplines is required. There is no common wizbthodolozy
antd  socwe of the technigues that are usually applied 0
impact analysis are ;

a) RHelevance Tree

bt Cross—impact Matrix
¢} Brain Stoerming

JY Deliphl Analysis

e} Trend Co-relalion.

4.2.2.1 FRelevance Tree

A suitable technigue willh several wvariants iz  the
relevance ftree, which helps, to show haw ane thing lesads
te another and how bthe effects woy branch ounl. One of
thie shortcomming of a relevoance tree  is Lhat  the
feedback elements cannot be ceonveniently displaved in
Fhiee boree,

4,2.2.2 Cross—1mpact Matrix

The w#ifecls, the chain—offects and the Terdback linkages
can  be wore effectively represeuted in & craoss—iwnpact

matrix, This ocon be cither purely quali.cative, showing
how  the wocurance of one event, miwht effect Lhal of
annther ar it can bae gunntitative, dALSTHNLing

probabiilities of oncurence Lo the various evenbs.
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4. 2.2.3 Brain Storming

A. couprehensive Ltist of probable ifwpacts and chain
clffecls is prepared by a group of persons selected from
all relevant disciplines. They are encouraged to behave
unrestricted during the session. Thus the preliminary
list cantains all [mpachts, which may be Lhought of. At
the «<nd of Lthe session, the 1list is cowmplebed with all
ratienal and pracbtleal ifwpacts and cross—iwpacis.

4,2.2.4 Delphi Analysis

The Delphi Analysis  i1a hased on the slighly forced
{furwation  of a consensus by a group of experts on  the
likellihood or timing of certain events. A guestionnaire
iz directed to the panel of expert-, whose replies are
kept annonyumous.

The panel of expert is sent information on the weighi of
opinioen glven in the first round and are asked whether
and how they wish to modify their firsl round replies. A
third and fuelher reund might be entered inte, although
with each round the oumber af respondents tends to
decrcase. Usually after a few iterabion, the results
become guite representalive,

4.2.2,8 Trend Co-relation

This method recognises the relat.isnship of the foruer
ong with one step further, 1t seels to establish  how
each of the deterwinants way really bLe expected to
change with Lime throughout the yoesnrs and then  to
calculate  frow  that how the expected capability will
change with time.
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4,2,3 THEQORIES AND METHOD OF RELATIYE SCALING

.2.3,1 Thurstone Judgement Scaling Model

Thursbune (24} presented a malhemabtical wmodel for
relating scale volnes ol a sel of stinmuli to observable
proportions, This model hoas been sunwarised as follow:

* A psychological continaum of the attribute of
interost is= postulated, Each time a stimulus is
presentoed  te a subject, it brings about sowe scorl of o
discrininal process, which haz a wvalue oIl this
cont inuunum. Owing to sundry factors, upon repeated

prisentalion, khe stimulus is not always assocliabted wilh
a4 particular walue but way be associated wilth one

higher or luwer oo Lhe continuuwm. I1 is prostulabed Lhatl
the values assoniabted with any given stimulus project a
nermal distribution on the centinuum, Different stimuli

may have different weocans | scale values) and different
discriminal dispersions {standard devialioon).™

A observer cantot report directly the value of Lho
discriminal process on Lhe psycholeogical continoum,
Hemce 1t i1s not possible to obtain directly from  the
Ghaoerver Lhe (regoengey dislribubion asscciated with a
sLiwulus. Scaling bthe stimuli must always he done
indirecily. However it is possible to deduce eguatians,
relating judgement of relations awmeng stiwull +to the
scale values and dispersions of the stiwuli an Lhe
psychological continuum. One of these sets of equations
is ®known as Lhe law of cowmparative judgement., This law
is concoerned with paired comparisons judgements, that is
with Jjudgewent of the form "s1 loulus A is  grealer or
lens Lhan sLimglus B.™ Ancethoer similar sct of equations,
ralled the law of catcgorical judpenent iz concerned
with Jjudgewents thal require Lhe obhserver to place the
sLimali 1nte a numker of ordered categories,

The foor] lowing are =socme of the relalive scaling
Lechniqgues in popular use

2t



a) Ranking techonique

Ly Rating technigue

¢) Pairwisve comparison technigue
dy Prefercence theory techmigue.

dmong these ranking, pairwise comparison, and preference
theory techwnigues are based an Lhe law of comparative
Judgements and the rating technique is based on the law
of calegarical judeement,

4.2.3,1,1,Ranking Technigques

In this wedel Lhe judge is asked to place o pumerical
rankh  next toe each criterion, indicaling by 1, the wmost
inmportant one with respect to the situation, by 2 the
next  moest  important. and so own to obtain relalive
weights the raw ranks are first converted, suech that if
there are n stimulil te he raunked, then the ranh of 1
Lecones {n-1), 2 becowes (n—2), e¢tc and raukh 1 becomes
. Thcse ranks are then treaterd as follows

B = Sum of couvertad ranks, acrous
judges for each criterio

24 = Converted rank assigned by
]
Judge 3 Lo criterion o,
theu

Whetra

W = composite weight of criteria ¢ across
-
all judges.
m = number of critoeria,
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4,2,3,1,2 LEk.ting Technigues

Tn this wmettod, inslead of presenting all crileria 1o
the Jjulgz's at once. they arc prosented one al a  time,
The judgr tusk is Lo rate each criterion based on the

situstion, Lhe rabting may be expressed on o @ numerical
sizale (e.u. 1mate on a scale frewm 1 to 10, 10 bheing most
jmportant., or on & contb intous graphical scale

rermitilsg values between numbers,

The raw ratiugs assigned by the judge Lo cach criterion
against the secale are read off Lo two significani. digits
{i{ graphicail scale is used) and treated as follows,

F
c]
W = e ———— i i e e (3}
e
m
—
> P
R a3y
. - 1
wWhere
1) = yeright cowmputed for criterion o
¢
from the rating given by judg:e 7,
I = raling given by jutdge 7 to criterion o,
53]

Then tl.e required composite welghl s given b
I
> "
e
i =1

W= - - (4)

LI L )
F
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4,2,3,1.5 Pairwise comparisoen Technique

In this wethod, each criteria is conmpared with ecvery one
of the ~tre, crileria and the judge (s ashed toe 1ndicale
which oi Lhe oriteria being coupared is more 1mporbtaont.
After  the raw data iz Labulated in a matrixz {forw, the
ouanker ¢b tines each crilerion is chosen over L1he olher
crileria is determined by additicn.

m=1
i) = 2?{ ,,,,, N ST )
] {efc' )i
o =1
Wnere,
f = fregquency of choicoe wy Jodps j
sl
‘ol criterion o oversobher ocrilforia
T = frequency ol cholce of

foc/fot
crilerion ¢ over criterion o

Lhen the wzight cowputed for criterion c© from the
comparisons of judge j is given by

W R R =8
<] o]
Where = pi{w—-13) = number of
comprarisons made,

Lhe regquived conposite weights for each criterion across
Judge 7 ¥ ) may boe computed using eguabion (43,

iz
4.2.3.1.4 Prueference Theory Technigue
In this technigque, criteria in a set are compared two at
a time and numerical values are assigned,One Lo each
criflerica until all pessible coombinations have been
exhaustad, The values to he assigned to each crileria is
either za:0 or one, (¢ ar 1Y depending upon 1he ordinal
result: < comparison, I{ the first criterion is
prefered  owver the socond one, 1 s assigned  {or first
criterion  zad  zero for the socoomd gribterian, If the
second cril-rion is prefered aver lhe {irst one, Lheo 1

L
is asrigne:! for second criterion nnd 0 for Ehe  first
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criterion, However i{f neither criterion is. prefecrred
then 1 is assigned for hoth. With the asslgned
preference valnes, the weights wcowupubted {from the
evaluations of judge j cvould be cobtained from the
equdlion

o
7. PFea
d = 1
hCJ“ ——————————— et e {7}
byl 1
— 2. Feq
o = 1 d=1
Wihere
F.3 = vrefercnce rating of crilerion

¢, when conpared with critericon d,

o, d =1, 2 ..... 1= number of
criteria

Agpregation of weights acress the judges | WC ) may be
computed using equation t4).

The procedure presented {or the comwputation of waights
under the above techniques are not 1he only anes
avallable, Awong the four relative scaling techhiques
prusented  here, ranking technique is the sinplest and
requires  minimum time to carry out. However all theso
techniques are reliable and consistent as lony as the
raw data is consistent. T[ the number of criteria to be
weighted consist of Lhree to a dogen itens, all of these
techrnigques could be used, If the unuwber of criteria
increase beyond these limits, fthe pairwisze COUPAr-ison fe
prelercence  theory technigques hecowmes positively time
consuming,  since the number of comparisens to be  made
increasc expouentially with the nuwber of criteria te heo
welghted. bturther it should be noted that the uwse of any
ol these technigues produces first order results oy,
which is to say, no indication of the interaction among
crifteria is available through these netheds,

"
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£,2,3,.2.Likert scoring method

Likert {253} has suggested a technique faor arriving at a
score  on an attitude questionnaire which is o sinple
extansian of wmental ftesbing technique. In nenlal
Lesting, Lthe items are dicholomous {pass/fail) and Llhe
patierns of response are wapped inlo the integers by
counbing all  the faveurable (passing) elemenl in =
response piaktern, Likert's system is necessarily
confined to wunotone items. The techniques is to take a
stubemant of opinion sufficienlly extrewe, so that it
cannet achk nonmcnoteonically that is, sa that there are
not likely te be any peaple so exbrome,. thail they would
reject the itew {or not being sufficiently extrems. 1o
such- an ilom, a degree of endorsewment 1is  sghtained,
typically frow stroungly agree Lo strongly disagree. The
siuwpliried scoring method is Lo map these alternatives
inLta the integers o.g 1 to 10, so that 1 represenl 1Lhe
axtreme  pro answer  and 10 the extreme anti. The
individunl s scrore, then may he simply the sum of thosc
inlepgers  intoe  which his rosponses hoave beon napped.
Obviously this corresponds identically 1o scoring  a
wental  fest  except thal in the latter Lhe responsc
valegories fail  ar piass  are wmappoed  iute 0 and ]
respeclively.

Likeri alse discussod a woreo "refined! sCoring
procedure called the signa nmethod of scoring., The
assumplion is that bthe distribubion on  1ho underlying
allribute is norwal, The percentage of individuals in  a
given «category is converted into o sigma value and  the
value 4% used instead of integers into simplified
seoring svatemn,

In Likert suale  ordinal values are associated wilh
qualitative altributes. A« an exauple, let ihe attribute
e, " measure of acceptability” for which the associaled
I ihorl scale wounld appesr as fol tows

YErY pucr occeptal:lo oulstondinug
Impression  =————————ree e

Tihe respondenl, 13 asked Lo mark his  or her Tespanss o
the scale. The mark then detfine an assumed measure at
acceptability for Lhe determinant in question.
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4.2.4, EIGEN-VALUE APPROUOACH TQ SETTING PRIQRITIES

f.et there be n aclivities and their actuagl relative

pricorities are wy Wo,....wn. Further let A be an (n.n)
natrix of pair-wise comparison, whose alements are
assigneed from table - (1) given below. These elewents

a;, Way be regarded as an estimatesf the ralio wifwj.

Now 1f it is assuued that the estimates are precise and
consistent then

Wi
alj=-- L T . P fa:l
¥
arnr aj Bl T B e e e (9)
Whera, ,
Wi, Wy are respective weightages.

l'abile — (1)

1. Equal jwportance

. Weak dominance

5. Slrong doniuance

7. Nemonstrated doninance

9. Absoluts dawinance

2, 4, A, B : Intermediate values
1., B a;i = 1 . P E 4 e e e s [1[:1}
1
a__jl S T e e e . 111
alj
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Further as Lhe rank of a is unity, the sum of its eigen—
values 15 equal to 1ts trace.

a;; = n o, Its largest eigen value is ecqual te n and
all olher eigen wvalues arc zera.

In general, conglstency iz nel  expected +to hald
everywhere in  the Jjudgement matrix A, However b
waintaining the reciprocal relatiion

The consisteoncy nmould be impryoved,If inconsistency  is
allowed in A, then the relation.

L

WY
aj; ————=== 1 (1,3
1} W
| .
i1s not true. : #

]
.

SR £ T

e arrive at the cigen—-value forwulation of Lhe general
problem, we have Lo note that in the consislent case,

Ajy - W T oW,
Hig . Wz = 1""j_
Ai3 W3 T Wi
“in Wi Ty
te AW=nW ........ P Y

In the general caszc the AW deesnet yield exact?\w, but
deviations aboul. then, which awmount to perturbations of
axacl  wvaluwes, [ i5 known in matrix theory that tLhe
eipen wvalues of & malrix sre continusus functions of
the co—cificients. tlence for small perturbations in a5
the largesl eigen value ?&max rematin clese Lo n  and
other =igen values ucar zero. Thas EBEhe problem  of
findine W hecowes solviog

AW = :)\ max WL ..
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The results would be wmere valid, the clnser'?\max is 1o
n as indicaled in the index of consistency,

[ {F}\max-n]l,.-"n'—l-]
'he  reqnired weights are given by the normalised eigen
vector.
4.2.3 THEQRIES AND METHODS OF INDEXING

Index numbers have a long history dating back to 1887,
when Edgaworth , Becretary of a committee of the Brilish

Association seb up to study wmethods of measuring
variations in the value of wuney, defined and wused as
index  rnumber to weasyre the fluctuations of the
purchasing power of money. Index numbers are used to
weasure the change In some guality which is not

vbservable but  known to have a definite influence on
many other abservable quantities. It is limited to  the
measure  of  changes wor relative difference in  the
magnilude frow one situation te another, The two
sttuztions cowmpared are in no way restricted, they mway
be ftwo tiwe periods, lwo regions, or any two entities.
Appregation techniques, taxonowic analysis, factor
analysis and eigen wvalue analvsis are some of the
techaniques used Lo formulale index numbers. Aggregate or
composite  index numbers are constructed by conbining a
number of indices, invalving sowme system of weighting.
Methods of agyregaticn could he

a)l o Additive faorms, such as linear sum or welghted
SUIk,

by Multiplicative {orw such as weighled product.
¢} Ruohk sum power foru.
d)  Haxiwum cperator,

e} Minimum operator,
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4.2.5.1 Additive form

The simplest aggregation functions are the addilive
forms or the addition of unweighted sub—-indices, in
which no sub-index is raised to a power other than 1.

n
T = 2 Li v {16)
i=1
Whore,
I; = subindex for variable i
t = number of variables.

From eguation (16} it could be observed that if the sub-
indices are defined such that 0 ¢TIy I, then the
possible range of I, bevomes O to Imax. Thus there is
according te 0Olt (268), a region of ambiguity with values
o0f T belbween 1max and nImax' Further depending on the
number of subjndices being aggpregaled, larger aygregate
indices may result frowm very moderate or small  sub-
indices. Thus there is alse a probilem of exaggeralion in
this welhod.

Uy multiplying each sub-index by an appropriate weight,
this could be wodified Lo remove the ambigions region..
Usually Lhe weights are selecled so that, their sum i3
unity, The weighted l[inear sum has the following
goaneral form

n
1 = 5 LR (17)
= 1

1

Wier e s W =1 o cee e . 1187



Although  the weighled linecar sum doesnot have an
ambigious region, another problem is inlroduced this is

called "eclipsing"” and it reflects an  arderestimation
ratheor than exaggeration, of the index, Even tf some of
Lhe  subeindices exceed a critical value, 1he overall

aggregabe index usually does not reflex. this fact, thus
eclipsing certain extreme values,

4.2.5,2 Hultiplicative Form

The mosl commen woalliplicative aggregate function is the
welghted product, which has Lhe following forw.

_ " ¥,
I = T 1; e e {19}
i =1
n
. <
Wheara P w; = 1 bk b4 e r e e e e e e L2073
i =1 ’
In this case, if the maximum values of each sub—-1ndices

is I.y . Lhen the waxioun value of aggregate index will
also be l,.,. The weighls in equation (19} sum to unity
as =how in equation (20) inclusion of a large numher of

sub—indices nas the effect of aaking each welight
relatively swall., If W is very close to =zero, Lhe
subindex is transforwmed such that it can take on
essontialbly Jusl twoe states and the agrregation
functivun, in effect beconas a slep functioc.
quliiplicative forws have founid acceptance in

aggregating  decreasing rather than increassing indices.

4.2.5,3 Root sum power Form

To deal with +the problem af exaggeration and
upderestimation d  more conplexy additive {Torm 1=
avallable, The rool suwm power farm, is & nonlinear

sggregabion of tie Following forw

. z'—

Where
P is A postbtive real napbor greater bhan 1.
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A» p increases from 1 ta {infinity}, the roet sumn
power exhibits & progression of shapes. When F=1, a
straight line resullbs, which is the weighled lincar sum
apgregalion function.For larger values of p, the
anbigious regions becowe swall and is comp letely
zliminated when p approches inflinity.

For the liwiting ¢ase in which p approaches infinity,
the root=sun—powirr has desirable properties tor
agpregating sub—indicecs. 1t possesscs neither an
eclipsing reglon nor an anbkigious region, However
hecause 1t 1= a limiting functien, it is sowwhal
wnweildy to use, A simpler funchtion wikth the same
properties is the waximum gperatar.

4.2.5,.4 Maximum Operator
The general form of the yaximim operator is as follows:

1 = max [ I,, Iy v I oo (22) .

Wilh +hlis wethad Lhere is no-region eclipsing or
ambigious, However the limitations of themethod, becomes
apparent when fine gradation of certain characteristics,
rather than extremes are to be reported,

The maximum operator is ideally suited to applications
in which an  index must report 1if at least one
recomimended limit is violated,

4.2.5,.5 Minimum Operator

This method, when applied to decreasing scale sub-—
indices, performs in a fashivn similar to the increasing
scale wmaxiwum' operator. The general form of the minimun
operator s as fallows

1 = Min [Ty, Ig vvion... Tod oee (23
In aguregation (W weighted Ly, problen of
urndlerest ination arises, but il is irrelevant when

dealing with relabive indices, as the underest imakbion is
coumon  to all vthe indices computed snd deesnol afrect
the relative pusition of Lhe index number in rank order.
Other Forms provide hebber aggregation bub inerease the
conputalbional cowplexity.
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4,3 ANALYTICAL FRAMEWORK OF THE HODEL

4n  aggregate index is proposed here, to measure +tho
knowledge and skills of a craftman of a particular tradc
or vocabion by quantifying the qualitative variables and
using suitable wetheds of aggrexzation. The knowledge
elenents have been classified under three objective
faclors, nawnely

al Enowledge of Science.
I Knowledge of Technalogy.
ol Prodnective SHilla.

I{ © be dencted to represent the index, then Q0 can be
given Ly
- ° 4 : ' .
= f@ X + F? ?-+ﬁ} i
i 2 3
whoro
Q0 = knowledpe 1ndex

gﬁ, Al 9% = respeclive weightages between ’

i 2
factors, and [ +m@ o+ = 1}
g% C2 953

b = wirighted sum of the facloer: knowledge of science.

¥ = welghted sum of the [actor:  knowledge of
techrnology

2 = welghted sum of the factor:; productive skills.

and they are given Ly

[L
X = :Ej E{l Xi i=1,2 ....... n are
= 1

the sub—faclors ot the faclor: knowledge of science.

Y = qr-_xg_ Y‘ i=1,2 ,.... m ore
= J J
i=1
the sub-factors of the factor: knowledge of technolagy.
1
Z ='§:_Jf 2 ..., k=1,2 ...... 1 are
k I
E =1

the sub-lactors of productive shills,



Gﬁ . A ,a/ » are fthe respective weightages and
i 7 Tk
To =1, ?_'_@ =1 and ij =1
i

The inbegratcd model can be developad, in the following
sucezssive steps., .

1) Tdeontification of elements that are relevant to  the
learning process of  a crafliman  especially  for a
particular Lrade, The scanning technique ar the tracing
technique or the cowbinabion worphological analysis can
be used to jdentify the ionpact elements.

2} 'The identified elements are to he analysed and
classified intoe Knowledge of science factor, Kniowledge
of technology factor and productive skill facter, Fach

taclor should be further classified inte sub-factars
having cowwon abbribute. The tools that can he enployoed
for analysis are relevance tree, cross—impact wmatrix,
rain sterming and trend co-relation, ,

3}  The next step is to make puirwise comparison Among
Lhe three factors and also awmcng the various sub factor
under  each  factor, 1o form the respective priority
watrices using some relative imnportance scole,

The "normaliscd eigen wvectors" obtained from the
matrices, form the consistent set of welghtages hbetweoen
the diffcerent factors and between different sub—factors
of each factor.

4} The various elements of eich sub-factor are given a’
raw rank 1n order of their jwportance Lo the particular
teade, DLy a number a judges, The raw ranks are +then
coenverted inte " standardised scores” using the ranking
technigue of relative scaling., The derived scores are
the relative weightages of each eloment [n respecl of
the particular suh-factor.

(5} The last step is the aggregation of the various sub—
factors te forw the factor score and the aggregation of
the different factor score ta form -the "sgoregale
index.” The weighted linecar suw method of agqregation
his been wsed to forumulate Ehe agpregate index.



FI1G;2 DEYELOPMENT OF THE AGGREGATE INDEX

X . X , X —+[RATING| —+{3UMMATION - W
11 12 in ] E
X X X —+|RATING| -—[SUMMATLION 3 1
21 22 Zp 2 G
............................. H
............................. T
. E
¥, X X —»[RATTING] — CUMRATION s P
ni nz nr n ]SUM
Y o, X Yy  —e[RATING| —»SUMNATION =] W
11 12 14 1 | E
Y o, ¥ ¥ -——+[RATTNG] —»[SUNHATION |—Y—! |
2] 22 24 2 b
----------------------------- H
4 a T
........................... &
¥ LY Y —RATING] —{SUAAATTON HL'"SBM
ml m2 m2 w =
z , 2 7 —[RATING| — SUMHATION |—2—-
11 1z 1t — 1
Z 7 7 —[HATING| —[SUNNATION 72—
21 22 2t 2
2 Z 2 —[EATING] —[SGHRATION-Z—al)
11 12 1t 1

Eam—qIQ—-mE

0 = Agarepate Index of kuowloage
X = FEnowledge of science

¥ = Knowledge of ftechnology

2 = Productive skills
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4.4 EVALUATION TECHNIQUES

Evaluation 15 a decision making process. " It is a
judgement af merit, scometimes based sulely on
measurer-.>:15 such as those provided by test scores but

more  toeqgquently  invelving the synthesis ot wvarious
measureirznts, critical incidenis, subjeclive iwpressions

and other Linds of evidence.™ {27} In a deliberately
designed lraining process, Leaoner male tesths,
obijective Le:1ts, oral examination can be easily nsed, as

the leavning i1s directed and ibs contenl s defined. Buab
to evaluale a person coming out of o nen-bLraining
program  like deoing—Lased learning, the need (& to [find
pul, whalt are his abilities. The gueslion Lhai {irst
crops up  i:w how to find thewm ocut 7 Here the msedel
developed in Lthis thesis is proposed to be uscoa.

But  the zroblem rewains, with whom can his performance
he corpoted.A set of performance standarids hasve to  he
predeterninad  apd also melhods to score and rate them.
The first place to look at isjob doscriptions followed
by job raoguiremaents,  But  mast Joh deseriptions
available usually list job activities rathor than
gococompl ishbments, Further wmore they wsically fail to
nverlap  wvery much with what a craftswan  2zually does.
Recognising all these the characteristics and
difficadbicrs of every "“joub—element' have to he analysed
and:

ar rFicomplishoents that an average vwill generate,

should be found,.

by the upper and lower limit of jcb perfornance
t}. .. can be accepted shounld be deterwm.ned.

Such  pervyoraance  standards to be valid wmusl also  be
completely  oeasureable by quantifiable vardslick. For
zome charactoeristics a 2zero—one method of guanlificalion
angd far schne others fractional grading uight ke
required,  Fur  sowe others, physical denonstration or
"try¥-cuts' will ke needed. For wmeasuring productive
shills, job observation and grading on the Likert scale
can be recommnanded,

Given bLvlow 1is a nunerical methad of evaluation adapted

frew Haveliakh Jack and Hamelink Jerry  £2i1) where
subjectivitiy of performance appraisal has been reduced.
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4.4,1 NUMERICAL PLAN FOR PERFORMANCE EVALUATION

Irt this wethod, the yardstick {performance standards)
for every key elepent is tailored +to the job, The
appralser or evaluatocr has to rate the aclual
performance  in view of the set performance standards,
Each hey clewents have a weighing fachkor, based on
slLandardised rabing as descriped in the generalised
node] .

A worker who has an overall " standard" rating is a
sabtisfactory or "skilled" workor.An upper limit of
"Above standard” and a lower liwit of "Below standard”
can also Le seb. But usually all workers will not  show
"abave standard" or ‘"below standard" in all key
elements. Same hkey elewents will be performed above
slandard, sowme al sltandard and scwe at below slandard by
mest, worker,

In eguation forwm

a) If 4P - PSS » ) then '
AP — F5 = AS

by If AP — PS < U then
AP=PS = BD or D

Wire e
AP = actual performance
P35 = performance standards
AS = above standard
Bl = kelow standard
0= deficiency

5ince, in theory one's performance is whal gets himfher
soumewhera, porformance should be oxpressed as a  vechor
quantity, i.e. which has both wagnibtude and directian.

Rewritling the above two equations yield

e — ™ ———a
) Al — s = AN
when AF — PS5 » |
— N} ——
di alh - P& L

when AP ~ PS5 < D
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the resocluiticvn, of the overall perforwance can then be
obtained by calculaling the (RMYS) Root mean sgquare of
the woubility vectors AS and D ., Therefore,for "K' key
alements, where I+J <= k;

e} RHS =¥ (D . D ) -HAS . A5 )
where i= 4 - n key celeoments where a deficlency exists
and j= 0 —» m  key wlements where the performance  is

albave ztandaid,
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EEY ELEMENTS
data | Jnanlified Hational
! Standards
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PERI'ORMANCE ({AF)
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It {AP) = (P5) i
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STANDARDE {F5)}

4BOVE
STANDARD (A5}

STANDARD (5}

DEFICIENT (D}

4, A PERFORMANCE EVALUATION MODEL BASED ON
MODEL DEVELOPED 1IN THIS STUDY.

GENERALISED
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5.0 APPLICATION OF THE MODEL
5.1 HORPHOLOGICAL ANALYSIS OF "TURKER" TRADE

Lathe had heen awong the [irst wmachines used by man. The
drawing of the wmost priwitive form ¢f lathe c¢an he
found, o¢n an ancienl Egyptian towb relief, I{ was used
for shaping woodon artefacts, Over the years the
development of lathe have reached a matured stage and
fathe now constitutes a4 counsiderable part  of the
machines aud eguipwenls used o engineering industry.
Alwmost all workshops start with 2 lathe, and perhaps the
trade of “turner' was among the first technical
vocation learnt by man., It is still the most widely used
vocation in engineering indusiries.

Considering these facts, the trade of “turner’ has been
zalacted as the Tspecific example' to show the
applicaticn of  Lhe generaliscd nmodel, To prepare  the
"specitic acale' the basic features of a cenftre lathe
and  its operational aspecls have been worphalogically
annlysed and a “checklist' prepared. In the checklist
the ~various elements of the Jalhe and its gperations
have been grouped under the following heads,

da} Machine

b} Job

cr Tool

d)] Jdab/Taal

2} Measurement
fy Drawings

Details of the checklist ia presented in Appendix — A.
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4.0 DEVELOPMENT OF THE GENERALISED MODEL

In an attempt to formulate a model to measure the
quality of educational achlievement a number of
characteristics are relevant. To start with, it is
desirable to define the problem area and then proceed to
find the different tools and technigques of measurement,
currently available, Later on it might be possible to
sort out the various ideas and integrate them.

4.1 DEFINING THE PROHLEM AREA
4.1.1 Knowledge

As defined in Webster New Collegiate Dictionary (17)
*Knowledge" is

a) Familiarity gained by actual experience,.

b) Acguiantance with facts, hence, scope
of information.

) The act or state of understanding, or
cognition.

d) That, which is gained and preserved by
hnowing, enlightment, learning.

This definitien susgests the scope of the concept of
knowledge, and its relationship to or identity with
experience, fact, information, understanding,
enlightment, and learning. Phychologists suggest that
what a person has experienced or learned is never
completely forgotten. It all remains somewhere, however
deeply burried and overlaid with other learning and
experiences, Net all of the items in +this store of
knowledge are of egual value, Some are of limited,
temporary interest, some are indefinite and inaccurate,
fne of the most important and most ditfienlt tasks of
analysis is te sort out the more valuable ones from the
less wvaluable., It is easy to say, that those items of

knowledge which are most widely useful or mest central

45



The next step is to establish prierities. All  elewents
Listed in the "Check-list" have been woedified, related,

classified and sharpened to prepare  the priority
watrices. The +tools that have been used are scaning,
tracing and pair-wise cowparison. A questionnaira WS

prepared which is given in appendix —-B and was diraected
to a group of experts drawn from persons who train
tnrners, 1o determine the relative importance of each
factor, each sub factor and cach element in _each
parbicular i:lass. The experts numbering ‘*”?}3
fifteen{l15} werc selected frow among Lthe instructors at
the Bangladesh — Gerwan Technical Training Centre,
Mirpur Techinical Training Centre, the training workshop
of BUET and supervisors at ihe machine shops of Khulna
Kewsprint Mills, a wunit of Bangladesh Chemical
industries Corporation,

The specific model for the frade of turner has becn
developed in the {ollowing way. The varions sub—factors
of the factor : knowledge of science, the factor -
knowledge of ftechnology and the faclor producl ive
skills which have heen identified are presenied below :

Factor: Knowledge of Science

X = humeracy — K , X e, X
1 11 12 ls
¥ = Geomebry -y, X R +
2 .21 22" 2t
¥ = Drawing — X X e XK
3 Ji 32 3u
¥ = DBasic Science—» X |, X i K
L 41 472 &y
X = HMaterial
5
Scienoe -y, K e e e e X
51 52 Sw
¥ = Suh-factor
i .
¥ = Elemcnts

1i
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Factor: Knowledge of Technology

Y = Job setting Y . f ,..... Y
1 11 12 1gq
Y = Toul seleation =Y , ¥ ,..... Y
2 21 22 2r
Y = Touonl sething T .Y L, ..... b
3 31 42 Is
Y = Spcoed
4
zelection - Y .. ... Y
41 42 4t
Y = Cooclant
)
zelection ==Y . f ,..... T
51 52 Su
¥ = Lalhe
&
operations Y .1 ,..... Y
Gi &2 v
T = Operation
7
sequence -~Y , Y ,..... ¥
7l 72 Tw
¥ = Use ol gages/
o]
weasuring tocls =Y , Y ,..... i
Bi g2 Bx
¥ = Tool regrinding-—%Y , Y ,..... ¥
3 o1 a2 Qg
Y = EBub-factor
N
Y = Element.
13

Factor:Productive Skill

2 = Reasoning
1
? = Lonfidence
2
& = Creativiiy
3
Z = Experimentation
&4 .
2L = Dissenination
9
Z = Bub-tfactor,
k
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The respaogwes
tables tave
FESDHINSHES of
Eigon  walnee
nusing  TACRT
Centre,

veformed
of the
below:
broen done by
BLET Compuler

, waricd widely and sat—uf
been  formed from 1Lhe mead e’
every criteria, which is presenbed
adidd veclor approximalion has

oosolbware package at the

=1

RESULTS OF EICI'N YALUE ANALYSIS

a) Pairwise zowparison’ amnng different factors,

Kricsowleden
of Scieunce

Enowtedse
of Technoinxy

Produyclive
Shills

EIGEN VALVES

EIGEN VLECTORSA

The reformed matrixz "A°
————————————————————— S -
oy tlj? .z
o -
<3 < € R
20 =5 2=
o b B af
% VA §+3 oo
N AV =-
1 5 1/3
175 1 ]
3 1/5 i
5.45350 0, 0G000 £, CHRTIMD
0.67144 O, O30 O, 0000
0.56632 O, O Ta, (000000
D.47774 0. €000 O noan
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Fairwliie comparison

the factor "Enowledge of Scicnce.

The reformed matrix
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Drawing
Krnowledge of 3
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0. 536055
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0,43393
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As discusaed in secction 4,2.2, according te the theory

nof eigop—value analyvsis, Lhe oigen  wvectors for  the
largesi. elgen vailne gives the consistent set of relative
priorities. The reguired weightages are chbtained Iy
converting fthe eigen vector inte  their normal ised

wores, The tables 2,32,4,5 given below presents the set
of relalive weightages between factors, sub-factors of
cach factors vespectively. The weights for the elements
of each sub~-factors are obtained by converting the raw
ranks given by the judges inte their standardiszed scores
by using the ranking technigue, discussed in section
4.2.3.1.1, and is presented in table &6,7,8,9,10 and 11,

Table - 2,

Comparison boetween factors,

51 e, Factor Weightages, .
1. Enowledzo of Science (0,392
Z. Knowledge of Technology 0.330
2. Frodiuctive Skills 0,278
1,000
Table = 3

Conpartson between sub-fachbors of the factor
Fuowledgr ol Science,

Bl Mo, Sub—{aclor Weightages
l. Numeracy 0,253
2. Geomnetry i}, 261
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3. Drawing 0.161

4, Basic Ycience 0,202
o, Material Science 0.103%
1.0060

Tabxle = &

Couparison bebween sub-factors of Lhe factem
Enowledge of Technology,

1. Mo, Sub—factor Weightages
i, Job setting 0D.218
2, Tawl] sclection 0,096
J. Teol setbing G,116
4, Speed setbing 0.092
o, Lnlhe ocperation 0,058
. Uperatiocon sequence 0,03z
7. il=e of papes 0,072
1, Tool regrimling 0,175
o Coolant. selectian 0. 141
1:000
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Table - 5

Comparison belween sub—faclors of the factar
Produchbive SKills.

51, Na. Sub—tactnor Weightages
1. Feasoning 0.us6
2. Conlidenas 0,231
3. Expuriventation D.zZB2
&, Dissecmination 0,373
Y Dreativity 0,056
1, 000

Table - &

Comparison belwean slements ol bhie sub-faclor
Encwledgs aof Nuneracy,
L

S1.Ho. Elawents Weightages
|

1. nits of linear measurament 0.233

2. Inits of angular measurement 0,160

3. Aren 0.126

4. Volume 0,080

o. Drecimals | a,171
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& . Fraclions .137

7. Ratio (3.051
i AVOT EE 0,040
<}, Fercentages 0,002
1.000

Table - 7

Comparison between bthe elewents of the sub~factor
Krnowledee of Ceametry

51, e Elements Weightages
. Straighl line | 0.139
2. Curve l 0.071
3, Traingle 0,086
&, Square 0.118
5, Rectanule 0.093
fa. Cirale 0.099
7. Angle 0.088
8. Radius 0.053
9, Paolyvgon 0,053
0. Centre 0.088
11, Farallelisw 0,043
12, Taper 0,043
i, Hedimht 0,054
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14, Crylindear 0.043

15, Conical .18
ta, Threaderd .016&
1.4000

Table - 8

Comparison bebwoon the elements of sub—factor
Knowledge of drawing

1. No Elemenis Weightages
1. Flarn 0. 201
2, Flevabion 0,163
3. Cross—scection 0.114
4, Projection ' 0.118
5. Dimension 0.141
&, Tolerence 0,146
7. Rﬁpresgntatiﬂn a.092
ot

Surface finish

8, Graphs 0.025
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()

Camparison betwoern the elewents of sub—facter
Knowledge of basic scionce

ig,

Comparison

T1ime
Tenperature
Foroce
Frossure
Voltage
Current
Resistance

Friwer

specific gravity

betwoon tho elements
toowledge of material

Statcz of matter

Evpansion of

matter

of the
science

0.0%4
0,156
0. 1lad
0.067
0,062

0,033

sub=factor

Weightages

0,127

. 0%1

3



n

£,

~!

Fhysical prupcrties of matter
Common working materials
C{}mm;m Too]l matorials

Cownon nea'. trestment

Types nl cutting floid

Fropertics of cutting fluids
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0.173
0,191
. 182

0,127
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6.0 CONCLUSION & RECOMMENDATIONS

6.1 CONCLUSION

bevaeloping counlries today are confronted with the
problen of non—avallability of indigencus human
resgurces to handle the machines and equipments imported
frow developed countries on cne hand and problen in
utilizing surplus eduecat ed manpower on the
olher.Fellowing the concern for non availability of
skilled  hamis informwal learning routines began to  be

expleored.  This wonld on cne hand reduce the time span
reguired to  train persons, who have to  Jearn fron
basics. On the other, Lhe process, being inoxpensive and

gself—supporiing, would reguire marginal investments.
There had beena lot of discussion about, how to develop
and enhance these =kills. But gerlainly there had not
been an equal  amounl. of attentieon, given Lo the
idenlification of wmeLhods of weasuring and evaluating
lLhese skills, Ti had often bieen felt that the crafstman
and workers for doing certain jobs must meet certain
protessional  stundards. Some stepns have recently beoen
taken in lhis directivn and Nationail 8kill Standards and
Ceytilication Systen has been developed, but the need
tor s standardised tesling method still rewmains,

The total endeavour of this study has been ta analyse
the +ditferent modes and methods of learning, with
special relercnce to craft learniug, and to device &
snitable and effeclive process of measurement and
evaluation of the achievement. For a craftsman, the
learning process consists of two siages, the first stage
is ithe “acguisition' phase and the sacond the
"applicatien' phase. T@oth the stages have been taken
into consideration in the “aggregate index', The
discriminat ing contribution of different knowledge
elements have beown accounted for, by the use of relative
weighiapes., The influence of personal judgement of the
evatuatoer  has been considerably reduced by the use of
quantitied scale for Lhe gqualitative attributes, Various
wed hords of wessnring the ool come  of learning have been
discusacd and suilable nnes ldentified.



B

The emphirical evidence that has been found reinforces
the grounds for believing that all items of what is
learnt er Laught do net contribute equally to the
process af shill acguisition.The results of this
researoh demonstrate a pessibility of  simultaneousliy
increasing the 1mportance of some elepments of  hnowledge
that has to he japarled Lo a craftsmwan while decreasing
the importance of others whose contribution to  the
akilled development process is not very significant [ The
nse of Eigen Y¥alue analysis to find the relative weights
is indispulable, as the normalised eligen vectors will
bo consistent as long as Lhe input data are consistent.

Seriocuasly, the neow appraisal process is o large step
ferward 1n  the direction of reducing subjeckivity of
verformance appraisal, While the evaluation of human
beings will always retain certent extent of subjectivity
hecause of 1he uniqueness of the creature, wmuch care
have been taken to ensure that the appraisal represent
the 1ndividual’s singular ocutput,However, it should he
noted that the dala provided by this model is valid only
at.  the time of analysis.S5ince the reguirements of a
speciflic trade will vary with the overall improvemnent ino
technology, the model should be updated, tive to tiwe,
to find the correct decision weights .

All typoclogies, classification ar wodels involve
arkitrary Judgements, This eone s no excoption, But as
Hoffer {31) said of his book, "The True Believer', this
volume also in wmosb insktances dees not " shy away fron
half truths, .s0 long as Lhey seem to hint at a new
approach and to help to formnulalble new guestions.”

Yaricus peolicy options can be drawn from Lthe study and

further work can be undertaken. Some recommendations are
presentod in the sections 6.2 & 6,3,
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©,2 RECOMMENDATIONS

1.

[

]

.

The proposed madel should be applied for the pupose
of =skhill testing and gertification of wokers.
Appropriate application models for specific Llrades
can be conslructed fraom the generalised model,

drtisan/ecrafiman up—grading training should be
periodically arranged at ditterent skill generating
rentres of the country, =.g. Dholai Khal. These
courses snould be designed Lo teach one functional
subject module at a time, for a period of seven to
twenty evenings.

Evening Lratde COUrSEes should be further
sLrengihernad and apprentice | training scheme
implemented at large and wediom scale  indusiries.
Asnistance should be extended to develop the
informal shill generating process in  the =small
workshops and industrics.

Alworilhmic and programmed  learning technigques
should bhe folloewed for training and szelf—educaticn
of these workers. Programmed lcarning meterials for
JdJiEferent trades  ¢an e prepared under the
initialive of NCSDT.

Evidlualor s gulde-book and learner™s primer should
be developed for differeni Lrades to standardise
the appraisal process.

Vacallonal guidance cell should be established al
the district level offices of BMET tao  guide school
dropouls intoe proper vecation. A detail survey of
the regnirements in cach Lrade skill should be done
far this purpose and uvupdated tine to time.



5.3 SCOPE OF FURTHER WORK

1.

Quant ification of khe various elements or s=ub=-—
matter mix in the KCDST standards for semi-shill
and full=-skill levels {(given in appendix - Cy  f{or
different trades,

Consdrachion of specific application wpodels for
different trades {rom Lhe generalised model,

Cowparisen of  Lhe oclements in the NCDST  standards

with i glenents and rating as per the proposed
model  for determination of eguivalent gualifying
Timid = fur tho application models of diffarent
trades.
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APFPENDIX —- A
"CHECKLIST' FQR ANALYSIS OF THE TRADE OF “TURNER'

1y Hachine

2y Job

3y Taa]

&) Job=Tool

Y Heasurement
5] Drawings

{1y MACHINE can be classified under the following
sub—groups : hknowledge aboub’

Ly Parts

iil Attachunent
i11} Processing
Ly} Setting up

v Si1refrapaclity
vi}y Twypes.

{l)"Parts': can be considered to consist of tLhe
following elements,

1} Ded

21 Head stnck

31 Tailstoch

A4y Carriage Assembly

1y Curriawme

2) Apron

4y Uross—slido
L4y Tool past

%) Uunickh change gear-box
1 Main spirndle

7y Feed shart

8) Leatd screw

iil "Attachmerts': can he considered to consist of
the (ollowing elemenis,

1) Throsding Dial
23 Wark holding devioes



L} Independent. chuck
ii) Self centering chuch
iii) Collecl chech

iv) Carrier plate

3) Mandril
41 Steadies

i] Eteady rest
11Y Follower rest,

5) Face plale
£y Centres

i3 Fixed
ti} Revoelving
i1i} Halt

ii1) “Processing Trypes': are the following

Type Knowledge Required
1y Face burning : vel, centre, Lool, Lip
position,

2 Frternal and Internal
Cvlindrical grinding: job/tool position,velocity,
feed, tool, holder,

3y Taper  burning : taper standards, ratio,
angle, velocity, feed,surface
finish.

4y Heaming ; t¥ypes of reawmer, reamer
geometry, helders, axis
alignwent, velocity,

feed, fits and Lelerance.

3} Groving/WNolehn : tools, seguence of
tool and cperation, depth
of cut, angle,.

6} Parting off : tools,job/tool position,
velocity, feed, depth aof cut.

7Y Centre drilling i centre location, wveloocity,
depth of eut

Gy Drilling : tool, velocity,feed,tool
geometry.

9 Threasd Loarning : thread standards, setting,

depth of cut, feed, tools,
taps, die.
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1) Chaupering + depth of cuf, champer setting.

11y Form turning : gpeonetry, angle, tools, foed,
LEequUence depth af ot
roadius,

iv) “Setting Up':; the following skills are
essential.

1} Mounting of taogl
2) Clamping

dr Speed,fccd and dﬂpth af cut setting
4} Chanper setting/special attachment sotting.

v} "Size/capacity':;based on Lhe following elements:
1Y Swing
2) Maxiwnm work leungth between centres
3} Maxiwow chuck dla
4y Moximum speed
S) Maximuaw. [eed.
vi] Types of centre lathes

1} haszed on drive syvsten

1} Step—cone pulley drive
11y ALl gear drivee

2} based an Luols—f&eding

i1} Speed lalue
ii) Fngine lathe

) athers
il Automat (o lathes

1iY  Special purpose lathes
i1iy NC + OWC lathes

12



{2) JOB : the fellowing sub—-groun
ol knowledge can be identified,

1} Form

ii} Dimensian
1iiiY Malerial
iv) Finish,

i}y Form Knowledge Required
1y Cylindrical length, radins, circle
2} HRectangular length, flatness
3 Hewagonal length, distance
across flats.
4} Barrel. curvature ¢ concave,
convex
. radias
5) Conlecal ; circle, angle,length
£} Threaded: standard threads, cfection, angle,
helix
7Y Curvalure: radius
A} Keyways length, section.

ii} Dimension

1) Length

Z) Radius .
3) Angles

4y Fils

3) Tolerance
i) Taper-ralio

iii) Material
1} Raw malerial:
i} State of matter, expansicon of matter etc.
1i}y Blewholes, defects
111} State of heal treatnent
2y Metals:
ij Cast, iren 1i) Steels {(iii) Copper

1v) Brass (v) Aluminium {(vi) Alloys
wit) Plastics.



3)
i)

i)

Propertices:

Hachinabilily
Hardness

[ii) Ductilily

iw)
v}

iv}y Finish:

Driltleness
Toughness

surface finish,
field of tolerance.

Tolerance,
Lhread finish,

{3) TOOL has the following sub—-groups
L} Style
i1} Shape
1ii} Geometry
ivl Malerial
v Criteria for
Resharpening
11 Style
I}y S5ingle point,
i) 3o0lid 100l
ii} Bit teool
iii}) Flazh hutt welded toal
iv) Throw away tip tool
v Brazed Lip tool
2} Jultiple point
i} Taper szhank
iiy Straight shank
1i} Shape
Based on internatiomnal Standards

clagsitfict ion

1)

1}
i}
Liiy
iwv)
v}

(I50)

Single paoint,

Bar turning tool
Cranked lurning toal
Cranhed finishing tool
Recessing toal

Cranked eacing tool

74,

Organisation



vi
vl
vi

] Cranked knife tool
Iy Parting tool
ii1) Bouring kool

ix} Boring and facing tool

27 Maltiple points

L}

ii
11

Drilils:

-a) Twist

L) Counbtersuch
¢) Counter hore
d) Centering

) Foreing teol
i) Thread cutting tool

iv) FKourling tool

111) Geometry

1) Angles:

i}

Bachk rake

ii) Side rake

il

1) End relief

iv) Side relef

v

vi

End cuttine
} Side cutting edge

vil} Point

vi

ii) Helix

Ex ) Chisnl.

Z}

i)

Cutting edges

End culiing edge

ii) Side cutiing side

ij
3)

1)

1} Chisel edge
Nose

Angle

iij Radius of curvature

4}
9)

Faces & Fluanhs

Dimensions,
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iv)

Material

1) Plain carbon steel

2) Low nlloy steo]

3y High spewd steel

4) Non—ferrous cast alloys.
53 Comented carbide

) Daimonds

71 Coramins

H) Cermets,

vy Criteria for Resharpening

Flank wear

Face crater
3} Slipping of cutting edges
4% Diwansions
51 Lass of hardness.

(4)y JOB/TOOL. + has the follawing sub—groups

elenents:

1}y Cutting variables
2) Culting fluids
3y Chips

i} Cutting variables

i1}

i} Speed : rpm, n/min

2) Feed : wfrev

3} Dept of cut: om

Cutting fluids

1y Coolant tvpe: low wiscosity, high
conductivity, high heat

capacity, non corrosive.

2y Lubricant type: with additional high
lubricating property.

31 Sulpha chlurinated oils

TG

and



1ii) Chips

1y Types

Z) Forns

3y Temperaturs offeoct

&) Breoakage control & disposal.

1% Tvpes ;

iy
1173
iii)
1w}

Dizcontinuous
Partially continucous

Continuous

Cont inucus with built up edge.

2} Forms

i}
it}
FELY
iv}
v)
vil)
vill
viii)
Px)
X}

Infinite helixes

Open, intermittent coils
Continuouns spiral

Claose intermittent coils
Shiort well broken curls
Flat open coils

Madium open curls
SGerrated half turns
Serrated ribhon

Cont invous ribbon.

3y Tewperalure seffect

1}
Ei)
Liv}

lleal generation zones
Cutting tewperature
Heal Lrans{er.

4y Chip control

i} Heodes andd attachoent
11)y Dreakage anddl disposal
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{517 MEASUREMENT & INSPECTION

Necessary elements can be grouped as below:

1} Angular measurvocment
2} Linear measurement
3y WNon lioear funchbions
4 Fits & lLolerances

3) Surface rovghness

L) Gages

i} Angular wmeasurement

11}

111}

1) Degrees radians ete,
2) Towowls

L) Beval protactor

ii}) Copbinalioun protacter
ill}) Sine bar

ivy Dividing lhead

v Angle gage bBlochks

Linear measurements

1} Length or dislance, depth, diameter
2y Tools

i) Fnglneers rule

ii) Square head

il1i) Centre heard

ivh Collipers— Spring, joint

v Vernier rallipers

wil Mloromnetar Screwgauge

vill Height depth vermier/micrometer

Hon linear Functions:

17 Flatness

2} Roundness
3y Parallelisa
&) Alignment



(G}

iv] Surface Houghness

1y Ronghness height
21 HRoughness widlh
A3y Waviness helght
&) 'raofiloneter

v} GCages
1y Liuwit gages;

i) Plug gage
11y Ring gage
1ii)Y Snap gage
1v} Lenglh gage

2) Non=limil gages

i} Fadins gaye
i1} Feeler gage
Lii} Wire gage
vy lHole gape

3t Form gages

1)} Screw pitch
Liy Fillet
iii) Centre
ivy Drill Poinot
v gl
vi) Screw pitch

DRAWINGS

necessary elements can be grouped as

i} Flan

i} Eleval ion

111y Cross scclion

dv) Frojection '

' Diwension

vi) Tolerence represenbtation

vil) Represceutation of surface fionish
viii} Oraphs,

follows



APPENDIX - B
QUESTIONNAILRE FOR OPINION SURYVEY

(A} In trving to cvaluate lhe profeszsional knowledge of
a turoer the following factors have been identified :

1., Knowledge of Scicnce

2, Enowledge of Technology

3, I'reductive Skills
Knowledge ol Scilenco nos also been thought of toe  be
cunposed ol the different sub=faclors apd  each  sub
factor of differenl elements,

Similar arrangewents have also been thought of for
Knowledge of Technology and productive skill factor and
given in tahle boelow

Please make a pairwise compariscn of the three factors
and the aub=facrors under each factor considering
tunonrtance  of  each relative to the others, usjing  Lhe
following scale of relative inportance.

Scale ot relabtive lnportance

1. Egual iwportance
3. Weak dominance
o Straong dowminance

7. Demonstrated dowlinance *
o, Ahsolute dominance
2,4,.5,8 ¢ Tnlermediabe value.
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Enowledge of Techinology,
i

Ffactor 2
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B} Please identi{y accerding Lo hierarchy of iuwportance
{by placing, 1.2,3 ...... in order of importance} to the
following glements of each sub-factors which ¥ou
considered be relevant for the braining or profession of
a turner.

Sub=-{actor ; Knowledge of Numeracy

Elements 5l. No. {in order
________ of iwportance)

Inits of linear measurement -

Inits of angular weasureuncnt —

Ares .-

Volune -

Leciwels -

Fractions -

Ratig -

Average -

Fercentages -

If you like you may make any other comment or add
any other item or itews and please put your statement

above and allocate the marks accordingly.

Similarly please mako your sradings for the other 'ﬁub—
factor elewents, given below :

Sub—-tfacteor : EKnowledge of Goometry
Straight line -
Curve -

Traingle -

Sguare -

B4




Rectangle -
Circle -
Arnigle -
Radius -
Folygon -
Centre -
Faralleliso -
Taper -
Heigihht -
Cylinder -
Coniocal " -
Threaded -

Sub—lactor : Knowledge of

Flan -
Elevatiaon -
Cross—anection -
Frojection -
Dimension -
Tulerence -
Heprasentation -
or

Surfarce finish

Graphs -

drawing

B5



sub—factor : Knowledge

Muss

Time

Tenperature

Force

Pressure

Valtage

Current.
Resistance

Pawer

Speaific grﬂviLFL

Suh—factor : Knowledge

States aof matter
Expausiovn of matter

Fhysical properties
of matter

Commen working
materials

Common Too]l waterials
Counon heat treatmenL
Types of cutting fluid

Proporlies of cutting
tluids

i1

itf

basic science

material science

%6



Mlease
table
ordsar
taclor

rate fhe different nperations as given

in next page, by placing (1,2,3

ot

¢

importance against each sub-factors
Knowledge of Technolagsy.
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APPENDIX - C

NATIONAL TRADE SKILL STANDARD

FOR TURNER (LATHE OPERATOR)

1.

GENERAL PRTNCIFLES:

1.

This Trade Skill Stardard is divided intoe three
Rrades, grade T (the highest), grade TI  and
grade Til,

Persens who wish to be certified. as cowmpetent in
any ol Lhe three gradecs will be required to pay
tiie appropriate fee and - uvndertake g trade test
des igned tue =how by oral and/or written
examination and by practical Jdemonstration that
they asre in possession of the knowledge and
skill set oul in the Sbandard,

In ali tests the following, where appropriate,
will be taken into consideration

1.3.1 The timwe token to perform the Lest,
1.3.2 The wmethod of work followed,
1.3.3 Theo finish oblained,

1.3.4 HEegard ior econony  in  the use of
materials and care of equipment.

1.%. % The observance of safety precauctions.
Candidates wha are successful in the frade test
will be isswed a c¢ertificate bearing their

name and photegraph and describing the grade
they have attained in the Standard.
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TURNEl (LATHE OPERATOR} GRADE LIL

Knowledge Feguirements,

2,1 Hathematics equivalent to that required from a
primary sichool  graduate or nachino shop
mathemaiics related fto the work of a turner
ilathe wmachine) grade IIT.

2.2 FPerscnal safety precantions in the use of
Laois, materlals and eguipment,

2.3 Siwple measuring using a steel rule, inside and
gutside callipers and vernier calliper.

2.4 The reading and interpretation of shetches and
mechanical drawings of simple machined parts.

2.3 An understanding of the machining
characteristics of metals commeonly used in  the
machine shap,

2.5 The iJdentification of Lhe thread form of wvee,
square and Agcme Lhreads,

2,7 Principal parts of a lathe and their functions:
essential Inbrication poinls on a lathe.

2.8 An understanding of clearance angles for cutting
bools.

2.9 Three—jaw, tour jaw and collet-type chucks.

2.1t} The wse of tables for selection of drill tapping
slzes,

2.11 Ability to work to tolerance of + 0.010  inech
{0.2% mw) and to a surface tocxture of 125 micro-—
inches CLA (12% Hu Metric Units) on a lathe.



2,12 Taking and laying out measurenments using rule,
callipers, dividers and vernier calliper.

2.13 Shurpening high wpoed tool hils and dyills.
Z2.14 Alighning lathe centres.

2,13 Centering in a four-jaw chuck using a surface
gauge,

2.16 Turning and boring a sinple workpiece.

2,17 Cutting single entry V¥ee formn threads, internal
and external.

2.18 Facing to parailel and to thickness.
2.1% Knurliong.

2.2} The use of taps,.

3. TURNER (LATHE OFERATOR) GRADE 11:

3.1 Candidates for certification must have Fassed
the irade test for turner (lathe operator)
graode ITT,

3.4 Machine shap mathematics related to the wark of
Lurner (lathc operator) grade II,

3.3 Usec of tables for sclection of cutting speeds.

3.4 The working principles of dial indicator and the
micromuel ey, -

3.5 Selectian i1 cutting tonls for various
vperob ions .

3.6 Selection of geoor trains for required fLurning
and thread cutting speoods,



3.7 The reading and inlecrpretation of wechanical
drawings of limited complexity,

4.8 Abitlity teo work Lo tolerances of + 0.002 inch
(U.0% ww) and to a surface texture of 63
wicroinches CLA (63 Ru Hetric Units) on a lathe,

3.9 Using Vernier callipers, nicrometer and dial
indicator’

J.10 Grinding of tools commonly used @n a lathe,
3.11 Using the steady and followor resi.

3.12 Taper Lurning using the taper Lurning
abtachment and offset tailstock method.

3.13 Screwcutting single entry square  and Acme
threads, internal and external,

4.1 Candidates [ar certification wusl have passed
the Lrade test for turner f(lathe ocperatoar)
grade IT.

4.2 HMachine shop wathewmaties related to the work of
4 turner {lathe operalor) grade T.

4,3 Caleulation of thread dimensions.
4.4 The basic concept of fits and tolerances.
4.5 bSurface finisn of machined parts.

4.6 Reading and ' inlerpretation of mechanical
drawings.

53



4,10

Flanning a joh.

Basic propert ias of the usual ° materials
subjected to lalhe operations.

Lathe attachmenbs and Eheir uses.

Feeds and speeds for different lathe operations,

Skill Hequiremenis

4,11

414

Ability to work to tolerances of + 0.0005 inch
{0.0]1 mm) and teo & surface texture of 32 micro-—
inches CLA {32 Ru Metric Units on a lathe,

Turning eccentric diameters,  external and
internai,

Mounting and balancing work on a face plate.

Screw cutting multi-entry threads.

Reaming.
Turning profiles,

Culling siugle—entry Vee form tapered threads,
internal and external.
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