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Many scholar ly r e p o r t s have been wr i t ten on Technical Education and Industry 
Co-opera t ion , Many nat ional , regional and internat ional conferences have been 
held on this subject ; and all of them have produced extensive recommendations 
on why and how to promote such co -ope ra t i on . The education a rch ives of all 
countr ies a r e rep le te with the r e p o r t s . 1 would there fore not l ike to add to the 
available l i t e r a t u r e mere ly to r epea t what has been said be fo re . 

After all i s said and done , so much has been s a id , but so l i t t le done'. 
Why i s this problem sti l l dogging us? What c ruc ia l fac tors have been overlooked 
and a r e therefore acting as a b a r r i e r between technical inst i tut ions and indus t ry-
What must be done to remove the b a r r i e r and how? Who should take the lead? 

It i s to these i s s u e s that I will a d d r e s s myself in th is pape r and develop 
the thes i s that the concept of "co-opera t ion" i s a weak one and should be 
replaced by the s t rong concept of " sha red respons ib i l i ty" to demand of both 
technical inst i tut ions and indus t ry a joint effort towards human r e s o u r c e 
development. I go fur ther and argue for a s ta te pol icy in all c o u n t r i e s , which 
spel ls out the complementary ro l e s of inst i tut ions and indus t ry and how they 
should play t he i r r e spec t ive r o l e s . 

In all of th is and m o r e , I will confine myself to the education and t ra ining 
of t echn ic ians , although much of what I have to say will apply equally to techno-
logis ts and skil led w o r k e r s . 

The r e a s o n for address ing myself specif ical ly to technicians i s that of all 
a r e a s of technical educat ion, the education and t ra in ing of technicians i s the 
most c r u c i a l , but most misunders tood . It i s a lso the most mismanaged because 
of the conflicting at t i tudes and approaches between technical inst i tut ions and 
indus t ry . My concept of shared respons ib i l i ty i s bes t applicable to this a r e a . 

At the ou t se t , the term co-opera t ion used as a label o r slogan appears 
to revea l and expla in . Actual ly, l ike o ther catchal l p h r a s e s , it conceals and 
confuses . The term implies exis tence of conf l ic ts , c r o s s purposes and r i v a l r y 
which can only be reso lved by the p a r t i e s concerned agreeing to work together 
in the i r common i n t e r e s t . It has a lso over tones of equali ty among the p a r t i e s . 
None of these i s t r ue where technical inst i tut ions and indus t ry a r e involved, 
pa r t i cu l a r ly in developing c o u n t r i e s . Each has grown into a sepa ra te system 
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propel led by i t s own in te rna l dynamics and with no in te rac t ion with the o t h e r . 
Although the concern of one i s to t r a i n and supply usable manpower and that 
of the o ther to get t r a ined manpower , develop it and profi tably u t i l i se i t , the 
gap i s lack of acceptance of th is common objective by both sys tems and joint 
respons ib i l i ty to achieve the objec t ive . 

His tor ica l Background 

This i s the c rux of my argument . H i s to r i ca l ly , in developed count r ies indus t ry 
s t a r t ed f i r s t with the applicat ion of technology to the product ion of goods and 
se rv i ces needed by soc ie ty . Indus t ry r e c r u i t e d young p e r s o n s with some 
genera l educat ion, t ra ined them on the job a s a p p r e n t i c e s , and employed them. 
As technology advanced, indus t ry needed not mere ly w o r k e r s with opera t ive 
manual ski l l s which they could apply on machines and o the r equipment; it 
needed the w o r k e r s to be equipped with a wide range of scientific and technical 
knowledge with which they could cope with complex problems of des ign , 
production and cons t ruc t ion . It i s in r e s pons e to th is need that technical 
inst i tut ions came into being and s t a r t ed offering p a r t - t i m e , day r e l e a s e , 
block r e l e a s e c o u r s e s to p e r s o n s working in i n d u s t r y . Thus a whole system of 
apprent iceship and technical education developed with a c lose matching up of 
the ro l e s of indus t ry and technical i n s t i t u t ions . As technology advanced on a 
broad f ront , a new stimulus was given to r e s e a r c h and development which in 
turn added new dimensions to technical education over the y e a r s . In th is 
p r o c e s s , the interdependence of technical inst i tut ions and indus t ry was 
es tab l i shed . 

In the so -ca l l ed developing c o u n t r i e s , indus t ry and technical education 
took total ly different c o u r s e s in t he i r development. Technical education came 
f i rs t as an in tegra l p a r t of the educational systems of the c o u n t r i e s . Indus t ry 
came next a s a r e s u l t of total ly different f o r c e s . Most of those count r ies 
were for many long y e a r s colonies and the colonial r u l e r s introduced what i s 
known now as public education to provide the people with an a c c e s s to wes te rn 
c ivi l isa t ion and cu l ture on the one hand , and on the o t h e r , to induct the 
colonial people into adminis t ra t ion . In c o u r s e of t ime , education came to be 
identified with a c c e s s to government employment, but s ince government employ-
ment was limited to c l e r i ca l and o ther whi te -co l l a r j o b s , the colonial powers 
introduced vocational and technical c o u r s e s into the educational systems so 
that boys and g i r l s might acqu i re useful ski l l s for gainful employment outside 
government s e c t o r s . Indus t r ia l act ivi ty was limited to the p roces s ing of raw 
mater ia l s for o v e r s e a s m a r k e t s , mainly with the help of expa t r ia te cap i t a l , 
know-how and technical p e r s o n n e l . E n t r e p r e n e u r s used local l abour for 
unskil led o r semi-ski l led w o r k . 

All this may be h i s t o r y , but the point i s that from the beginning the re 
was hard ly any connection between technical education and indus t ry in 
developing c o u n t r i e s , and each took i t s own c o u r s e for manpower development. 
Although much has s ince changed in al l those coun t r i es and both indus t ry and 
technical education have made significant p r o g r e s s , the h i s to r i ca l gap s t i l l 
p e r s i s t s . In e s s e n c e , the gap i s that indus t ry does not have any s take in the 
educative p r o c e s s e s of the manpower that i t n e e d s . It has been mere ly a 
consumer of the produc ts of the educational sys tem, has stood outside the 
sys tem, at times as a c r i t i c and at o ther t imes as a d i s in t e res t ed s p e c t a t o r . 
The educational system has identified i tself exclusively with social s e r v i c e s 
and become more respons ive to socia l demands than to indus t ry ' s manpower 
n e e d s . Hence the c r i t i c i sm of indus t ry that technical inst i tut ions a r e not 
producing the c o r r e c t types of eng ineers and technicians useful in des ign , 
cons t ruc t ion , product ion and s imilar ac t iv i t i e s ; and the counter -argument of 
inst i tut ions that indus t ry expects too much of them to the exclusion of i t s own 
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responsibility. The vicious circle must be broken by bringing them together 
to understand each other and work together towards a common goal. 

The process must start with determination of the common goals in 
precise terms and identification of the methods and means of reaching them. 
To examine these problems with reference to technicians and develop the 
thesis of shared responsibility: 

Planning of Technician Education 

Who is a Technician? 

Definitions are difficult, because we do not know for certain whether to 
relate a technician to his educational qualification or to his functions in 
specific occupations • There is no unique relationship between education and 
occupation. The Firs t Commonwealth Education Conference in 1959 gave the 
following definitions : 

Technologist : a person holding a degree or equivalent 
professional qualification in science or 
engineering, who is responsible for the 
application of scientific knowledge and 
method to industry 

Technician : a person qualified by specialist technical 
education and practical training to work 
under the general direction of a 
technologist 

Craftsman : normally a person who has served a 
recognised apprenticeship and who 
applies his skills on the shop floor. 

The Commonwealth Conference definitions of a technologist and 
technician are mainly in terms of their educational qualifications. But 
educational qualifications are vague indicators, because there are no 
universally accepted standards of education at any level . Also, in these 
definitions there is no indication of the level and content of the educational 
preparation of technologists and technicians and how they are related to their 
respective professional functions. 

Another Commonwealth Conference on the Education and Training of 
Technicians held at Huddersfield in October 1966 came to the following 
conclusion: 

"The Conference quite deliberately rejected the temptation to 
attach a specific clear-cut meaning to the term 'technician' 
and accepted the impossibility of finding an acceptable 
definition which would cover the whole range of industry and 
commerce. It was recognised that, throughout the whole range 
of industry and commerce, there is a broad spectrum of 
occupations lying between the craftsman on the one hand and 
the professional (or technologist) on the other. Within this 
spectrum there are wide differences, both in subject interests 
and in degrees of expert ise, which must be taken into account 
when planning educational and training programmes, but the 
whole band does represent a unique and distinguishable group 
of people who, whatever their specific functions, can be 
broadly classified as technicians." 
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Many o ther a g e n c i e s , committees and commissions have also attempted 
definitions of a t echn ic ian . Typical of such definitions i s the one adopted by 
the Has legrave Committee (1969) of the United Kingdom: 

"Technicians and o ther technical support ing staff occupy a 
posi t ion between that of the qualified s c i en t i s t , engineer o r 
technologist on the one hand, and the skil led foreman o r c r a f t s -
man o r opera t ive on the o t h e r . The i r education and spec ia l i sed 
ski l ls enable them to e x e r c i s e technical judgement. By this i s 
meant an unders tand ing , by r e fe rence to genera l p r i n c i p l e s , of 
the r e a s o n s for and the pu rposes of t he i r w o r k , r a t h e r than a 
r e l i ance solely on es tabl i shed p r a c t i c e s o r accumulated s k i l l s . " 

Unfortunately, these and o ther definitions do not help us much to 
unders tand who a technician i s and what his functions a r e . The definitions 
a r e too g e n e r a l , give mere ly an educational identi ty and loca te a p lace for 
him in the manpower spectrum between a technologist and a ski l led w o r k e r . 

How does indus t ry view a technician? Total ly different ly, because 
indus t ry r a r e l y u s e s th is express ion and identifies him with r e fe rence to a 
wide range of functions assoc ia ted with an equally wide range of job t i t l e s . 
F o r i n s t a n c e , in i ndus t ry ' s v iew, a technic ian i s one who c a r r i e s out one o r 
more of the following functions : 

applying known technology to field opera t ions in product ion 
and cons t ruc t ion ; tes t ing and development; instal l ing and 
running engineer ing p lant ; draft ing and designing p r o d u c t s ; 
estimating c o s t ; sel l ing and advising cus tomers on the use 
of engineer ing and scientific equipment; l i a i son between 
engineer and ski l led w o r k e r to i n t e r p r e t p lans and d e s i g n s , 
determinat ion of product ion and cons t ruc t ion techniques ; 
choosing tools and machines bes t suited to each job; 
supervis ing ski l led w o r k e r s ; and ass i s t ing engineers in 
design off ices , l a b o r a t o r i e s , e t c . 

It i s evident that educa t ion i s t s ' definition of technic ian and that of 
indus t ry a r e not congruen t . The former equates a technic ian with a mere 
academic cou r se in an inst i tut ion and the l a t t e r ca t ego r i ze s him according to 
his funct ions, but t h e r e i s no matching up of the c o u r s e with the expected 
funct ions. Hence , the oft r epea ted complaint of indus t ry about the unsui tabi -
l i ty of the produc ts of technician in s t i t u t ions . 

T h e r e f o r e , the f i r s t a r e a of sha red respons ib i l i ty of technician 
inst i tut ions and indus t ry i s to identify the t echn ic ian , del ineate his p r e c i s e 
functions in i ndus t ry , determine the knowledge, sk i l l s and competencies 
needed to perform the funct ions, and design c o u r s e s of education and t ra in ing 
which will bes t s e r v e the p u r p o s e . This demands an act ivi ty analys is of 
technician occupations in i ndus t ry : 

(a) To know where technic ians work: the different depar t -
ments of an indus t r ia l organizat ion where technic ians a r e 
employed, as for example: 

Commerce: depar tments whose work i s d i rec ted outwards 
to the suppl ier and cus tomer . 

R e s e a r c h , Design and Development: depar tments engaged 
in technical work which l eads up to the decis ion to produce 
on a commercial s c a l e . 
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Production; departments whose work ranges from the point 
of decision to produce up to the stage of the finished 
product. 

Services: departments whose work supports two or more 
of the above. 

This survey gives us distribution of technicians by their 
functional classification and by their job t i t les . From this we 
will also know the main areas of work of technicians and the type 
of jobs done by them. 

(b) To study what technicians do in their jobs i . e . the work 
content of their jobs in each functional a rea , which can be 
rationally grouped. As for instance: 

(c) To p r e p a r e on the bas i s of (a) and (b) above on act ivi ty 
profile or technicians which will give a three-dimensional matr ix 
of technicians by t he i r functional c lass i f ica t ion act ivi ty compo-
sit ion and re la t ive propor t ions of the i r act ivi ty c a t e g o r i e s . 
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Technician functions const i tute a broad spec t rum. At one end of the 
spectrum a r e nea r -p ro fe s s iona l functions which demand of the technician a 
sound b road-based knowledge of the chosen engineer ing field and the abili ty 
to apply that knowledge to the day- to -day p r a c t i c a l problems of des ign , 
cons t ruct ion o r product ion in i n d u s t r y . At the o ther end a r e technic ians who 
a r e r equ i r ed to have a mas t e ry of manual o r manipulative ski l l s of the c r a f t s -
man type with the re levant knowledge of engineer ing to cont ro l and superv i se 
production opera t ions on the shop f loor . In between a r e technic ians who a r e 
r equ i red to have different p ropor t ions of profess ional engineer ing knowledge 
and p rac t i ca l s k i l l s , depending upon t he i r p r e c i s e functions in i n d u s t r y . The i r 
education and t ra in ing must the re fo re aim at equipping them for those funct ions. 
In the l a s t ana lys i s each technician c o u r s e must have i t s own in t eg r i ty . 

T h e r e f o r e , i t i s only when technical ins t i tu t ions and indus t ry jointly 
c a r r y out an act ivi ty ana lys is of technic ians on the above l i n e s , form c l u s t e r s 
of technician occupations according to well-defined common c h a r a c t e r i s t i c s , 
and determine for each c l u s t e r the type of technical p rofess iona l knowledge, 
ski l ls and competencies needed that a coheren t system of technician education 
may be evolved. Only then will i t a lso be poss ib le for technical inst i tut ions 
to define c o r r e c t l y the object ives of t he i r technic ian c o u r s e s to guide al l the 
other components of the sys tem, espec ia l ly the curr iculum and i t s des ign . 
The technician cur r icu lum thus designed should equip a technician to the 
following : 

(a) Apply bas ic p r inc ip les , c o n c e p t s , and laws of sc ience 
re levant to h is field of spec ia l i ty . 

(b) Apply mathematics as a tool in the development, 
definition o r quantification of scientif ic development according 
to the requ i rements of h is spec ia l i ty . 

(c) Pe r fo rm specia l ized s e r v i c e s r equ i r ed in re la t ion to 
m a t e r i a l s , p r o c e s s e s , equipment, p r o c e d u r e s , methods and 
techniques. 

(d) Invest igate technical problems using scientific method 
of inquiry and obse rva t i on . 

(e) Es tab l i sh an effective r appor t with o the r profess ional 
and non-profess ional w o r k e r s within his field of spec ia l i ty . 

(f) Transmit and r ece ive f a c t s , ideas and data objectively 
through o r a l , graphic and wr i t t en communication. 

Technician c o u r s e s thus planned mus t , however , have a broad 
educational c h a r a c t e r and not mere ly be to s e r v e the immediate o r h e r e - a n d -
now purpose of technician functions • We must remember that we a r e educating 
a technician for a minimum of t h i r t y - y e a r profess iona l l i f e . During that 
pe r iod , technology will advance , the na ture of technic ian functions may change , 
and a technician may be r equ i r ed to adjust and adapt himself to wholly new 
c i rcumstances • The technician whom we t r a in today must therefore be 
equipped inte l lectual ly to cope with a future that we can only dimly v i sua l i ze . 
He must be capable of t r a n s f e r r i n g h is knowledge from known to unknown 
si tuations with confidence. All th is and more implies that technician 
curr iculum must have a futuris t ic approach too • 
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Technician Curr iculum Implementation 

The next phase of sha red respons ib i l i ty of technical inst i tut ions and indust ry 
i s in the implementation of the technician cu r r i cu lum. This i s a logical sequel 
to activity analys is and curr iculum design p r o c e s s e s d i scussed e a r l i e r . 

A coherent system of technician education i s a p r o c e s s which must take 
place pa r t ly in a technical inst i tut ion and pa r t l y in i n d u s t r y . The bus iness of 
a technical inst i tut ion i s to give the prospec t ive technician a sound b road-
based knowledge in the theory of h is chosen f ie ld. With this he should be able 
to unders tand the basic p r inc ip les of des ign , cons t ruc t ion and produc t ion . He 
should be able to communicate h is ideas to the exper t and to the skil led w o r k e r . 
The curr iculum must develop knowledge and mould at t i tudes to the highest 
level of prof ic iency. This education has to be c r o s s - f e r t i l i z e d with p rac t i ca l 
exper ience in indus t ry so that the t echn ic ian- t r a inee i s familar with working 
methods and ski l ls re levant to his own f ield. He has to be made to observe 
and unders tand how engineer ing p r inc ip les a r e t r ans l a t ed into p r o c e s s e s . He 
has to be as exper t on the job in indus t ry as he i s exper t in the underlying 
scientific knowledge that has to be applied in the job . 

To co-ord ina te theory with p r a c t i c e , to r e l a t e technical knowledge with 
work in i ndus t ry , and to e labora te the complementary functions of technical 
inst i tut ions and indus t ry - all th is i s the h e a r t of the problem of technician 
educat ion. 

It i s therefore no longer a quest ion of just any kind of t ra in ing or 
p rac t ica l exper ience in i ndus t ry , but of a joint effort by indus t ry and technical 
inst i tut ions to design and provide that kind of p rac t i ca l exper ience which i s 
re levant to a technician cur r icu lum and promotes the ini t ial growth of a 
prospect ive technician in r e a l life s i tua t ions . The bas i s for designing p r a c t i -
cal t ra ining should the re fore be the technician activi ty analys is which has been 
c a r r i e d out in consultat ion with i n d u s t r y . 

The echnician c u r r i c u l a designed on the b a s i s of act ivi ty analys is will 
ref lect the types of technicians needed by a coun t ry , depending upon the 
na ture of indus t r ia l act ivi ty in that coun t ry , pa t t e rn of employment of techni -
c ians and technology l e v e l . T h e r e f o r e , the na tu re and scope of p rac t i ca l 
t ra in ing will v a r y according to each technician cu r r i cu lum, but the following 
pr inc ip les must guide each programme: 

Induction: to acquaint a student with indus t r i a l environment and 
give him an unders tanding of the s t ruc tu r e of i ndus t ry , including 
the ro le of a t echn ic ian . He must be made aware of the importance 
of indus t r ia l t ra in ing to h is profess ional development. 

Training in Basic Ski l ls : following p r e p a r a t o r y t ra in ing in the 
workshops of technical ins t i tut ions o r in i n d u s t r y , the student 
must be equipped with the knowledge and ski l ls in va r ious 
product ion opera t ions and p r o c e s s e s employed on the shop 
floor o r cons t ruct ion techniques in the f ie ld . He should also 
get adequate exper ience of the techniques employed in the 
shaping of ma te r i a l s towards the final p r o d u c t . This involves 
an unders tanding of mate r ia l s and t h e i r p r o p e r t i e s , product ion 
functions, t ime , c o s t , and method. 

Engineering P r a c t i c e : this p a r t of the t ra in ing should be in 
the field of specia l i ty of the s tudent , with p a r t i c u l a r 
r e fe rence to the main functions of a technician in that f ie ld . 
It should cover de s ign-draf t ing , estimating and cos t ing , 
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produc t ion /cons t ruc t ion techniques including choice of 
tools and machines for a j ob , t e s t i ng , ins ta l l ing and 
running of engineer ing p l an t , and supe rv i s ion . 

During th i s phase of t r a i n i n g , the student should get acquainted with 
the working of the organizat ion a s a whole , including s o u r c e s of capi tal and 
raw m a t e r i a l s , p roduc t ion , s a l e s , ins ta l la t ion and se rv ic ing of the finished 
product e t c . F ina l ly , depending upon the time avai lable and towards the end 
of the t r a in ing , i t would be a good thing to a s s ign to each student o r a group 
of s tudents a p ro jec t cen t red round the functions of a t echn ic ian . The problem 
for the pro jec t must be suggested by indus t ry from l ive s i tuat ions and must 
demand of s tudents ' application of t h e i r knowledge and exper ience concerning 
des ign , drafting o r product ion o r cons t ruc t ion o r ins ta l la t ion of p lan t , and 
t e s t i ng . 

The re levance of the t ra in ing programme to technic ian curr iculum must 
be fur ther es tab l i shed by laying down: 

(a) Tra in ing Specif icat ions in behavioural t e r m s : i . e . what 
types of knowledge, ski l l s and competencies a r e aimed to be 
acqui red by a t r a i n e e • 

(b) Tra in ing Methods : i . e . with whom o r under whose 
guidance a t r a inee will w o r k , what p r o c e d u r e s he will follow, 
what r e c o r d s of work he will keep e t c . 

(c) Tra in ing Examples : which will explain the actual jobs 
or work which a t r a inee will c a r r y out . 

All this and more implies that for each group of indus t ry a t ra in ing 
board consis t ing of r e p r e s e n t a t i v e s of i n d u s t r y , technical inst i tut ions and 
t ra in ing officers should be set up to design the t ra in ing programmes and 
ove r see t h e i r implementation. The programme should have a bui l t - in system 
of evaluation of t ra in ing on the bas i s of which both technical inst i tut ions and 
indus t ry may evaluate the total cur r icu lum in actual opera t ion and make the 
n e c e s s a r y improvements on a continuing b a s i s . 

Apprent iceship and Sandwich C o u r s e s 

A va r i e ty of methods i s p r ac t i cab l e for the education and t ra in ing of techni -
cians in an in tegra ted manner between technical ins t i tu t ions and i n d u s t r y . 
The most effective of the methods a r e : 

(a) Apprent iceship in indus t ry along with block o r day r e l e a s e 
c o u r s e s in technical ins t i tu t ions • 

(b) Sandwich c o u r s e s o r co -opera t ive c o u r s e s . 

Apprent iceship i s one of the oldest socia l inst i tut ion and although over 
the cen tu r i e s i t has undergone many fundamental c h a n g e s , i t has remained the 
main source of ski l led manpower for i n d u s t r y . In almost all indus t r ia l ly 
advanced c o u n t r i e s , a national framework has been evolved for the organiza-
tion and adminis t ra t ion of appren t i cesh ip . Within the national f ramework, 
legis la t ive provis ions o r adminis t ra t ive ins t ruc t ions regula te t ra in ing in 
apprent iceship by laying down detai led job d e s c r i p t i o n s , t ra in ing programmes 
and examination s t anda rds for each t r a d e . These regula t ions too a r e being 
r ev i sed and e labora ted on a continuing bas i s to e n s u r e improvement in skill 
competency in the light of changing technological n e e d s . In addit ion, in most 
c o u n t r i e s , the cen t r a l t ra in ing au thor i t i es concerned also provide to indus t ry 
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detailed training manuals, audio-visual aids and other training materials 
which are developed through extensive pedagogical r esea rch . 

Apprenticeship is not confined to the training of skilled workers either 
in concept or in pract ice . The system is extended to the training of all other 
manpower formations in industry. Thus, the system includes, in addition to 
craftsmen, apprentices, student apprentices, technician apprentices, 
graduate apprentices and management apprentices. In Britain, under the 
Industrial Training Act, 1964, the Engineering Industry Training Board has 
on the basis of technician job analysis prepared model training programmes 
for technician apprentices. The training programmes consist of: 

Basic Training: Off-the-job training to prepare potential 
technician apprentices, particularly for the planning and 
diagnostic ski l ls . 

General Training: to develop the abilities required by 
technicians and to impart the background knowledge and under-
standing of industrial practice essential to their first posts 
of responsibility and to their subsequent ca reer development. 
The training includes Design Appreciation, Manufacturing 
Practice and Communication. 

Objective Training: to develop expertise in a particular 
technician function on the basis of identification of skill 
and knowledge requirements either of a specific job or of a 
family of related jobs. 

All technician apprentices also start off on a complementary further 
education course on block release or day release bas i s , first to a Technician 
Certificate and later to Higher Technician Certificate or Diploma, depending 
upon their areas of specialisation. 

Unfortunately, in most developing countries there is no organized 
system of apprenticeship to secure an adequate quantity and quality of training 
within industry. This is the cardinal weakness responsible for inadequate 
development of technical education and training in those countries. It is 
evident therefore that unless as a matter of state policy apprenticeship is made 
an integral part of manpower planning and development and industry enjoined to 
discharge this responsibility for i ts own survival, no worthwhile progress is 
possible. Appropriate legislation along with the setting up of industrial 
training boards, one for each group of industry, which must function in close 
co-ordination with technical institutions, is urgently needed. 

The alternative route to technician education and training is Sandwich 
Courses which designedly integrate classroom learning with actual work 
experience in industry or in the professional field into a single educational 
p rocess . The integrated process establishes for a student the meaningfulness 
of what he studies in his institution through appropriate experiences while on 
the job. It goes further: it develops a student's ability to increase his range 
of ideas in response to á much wider variety of questions and sett ings. 

As a Joint Working Par ty of the Committee of Vice-Chancellors and 
Principals , the Committee of Directors of Polytechnics, the Association of 
Colleges of Further and Higher Education and the Confederation of British 
Industry has noted on the basis of actual experience of sandwich courses in 
Britain: 
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"The main v i r tue of the sandwich c o u r s e i s that i t not only 
t r a i n s s tudents at an e a r l y s tage in p rofess iona l sk i l l s and 
respons ib i l i t i e i s by giving them the opportunity of re la t ing 
the i r academic work to p r a c t i c a l s i t ua t ions , but i t a lso enables 
them to work in a mixed age g r o u p , in a mul t i -d i sc ip l inary 
environment and under different p r e s s u r e s from those 
encountered in educational i n s t i t u t ions . It p rov ides the 
opportunity to develop an unders tanding of human re l a t ion -
ships at w o r k , toge ther with the apprec ia t ion of the s o c i a l , 
economic and adminis t ra t ive cons idera t ions which influence 
indus t r i a l and commercial ac t iv i t ies . . . . One of the most 
important ind i rec t benefits of the sandwich c o u r s e system 
is that i t c r e a t e s a br idge between education and the working 
environment . The l inks es tab l i shed for th is pu rpose between 
educational ins t i tut ions and indus t ry and commerce often 
benefit each p a r t n e r in the e x e r c i s e by helping to achieve a 
be t t e r unders tanding of each o t h e r ' s object ives and ro l e in 
soc i e ty . " 

It must be emphasized that sandwich c o u r s e s do not mean just working 
in i ndus t ry . Mor i s i t intended to t r a i n an engineer o r technic ian for a 
specific job in a p a r t i c u l a r o rgan iza t ion . Sandwich c o u r s e s a r e in tegra ted 
educat ion, with the col lege ana indus t ry providing the means in an indus t r ia l 
s i tua t ion . 

It i s axiomatic that the s u c c e s s of sandwich c o u r s e s depends upon 
c lose and meaningful p a r t n e r s h i p between technical ins t i tu t ions and indus t ry . 
Both must s h a r e the same object ives of sandwich c o u r s e s and ag ree to 
implement the programme as p a r t n e r s in the same e n t e r p r i s e , each comple-
menting the ro l e of the o t h e r . This demands in te rac t ion between the faculty 
of technical inst i tut ions and expe r t s in indus t ry on a continuing b a s i s . 

In s t ruc tu r ing sandwich c o u r s e s , co-ord ina t ion between theory and 
p r ac t i c e i s of supreme impor tance , but i t can be achieved only s tep by step 
through the joint efforts of academic and indus t r i a l e x p e r t s . The former must 
ag ree that good education i s not mere l e a r n i n g , but that i t i s knowledge 
applied to w o r k . P r a c t i c a l exper ience in l ive s i tuat ions l eads a student to 
the same educational goals a s c l a s s room i n s t r u c t i o n . The faculty of 
inst i tut ions conducting sandwich c o u r s e s must the re fo re accept p rac t i ca l 
work in indus t ry as an important p a r t of the l ea rn ing p r o c e s s . It must be 
subst i tuted p a r t l y for c l a s s room work in which theory and p r a c t i c e need to 
be taught as an in tegra ted whole , to demonstra te engineer ing analys is and 
s y n t h e s i s . L ikewi se , expe r t s in indus t ry must a g r e e to the essen t i a l ly 
educational goals of sandwich c o u r s e s which a r e r eached only when a 
student i s equipped with the knowledge and ski l l s needed not mere ly for the 
he re -and-now product ive work in an o rgan iza t ion , but to meet the chal lenges 
of new and unfamiliar s i tuat ions yet to come . 

Many pa t t e rns of sandwich c o u r s e s a r e p o s s i b l e . "Thick sandwiches" 
r equ i r e a student to spend a long per iod in indus t ry between pe r iods of 
college work . A typical example in Br i ta in i s the 2 - 1 - 1 sys tem, in which 
indus t r ia l exper ience occupies a th i rd y e a r between two academic segments • 
In o ther pa t t e rn s ca l led the "Thin sandwich" s h o r t e r pe r iods of indus t r ia l 
work a l ternat ive with pe r iods of col lege s tudy . F o r example , in a four -yea r 
c o u r s e a student a l te rna t ive ly spends six months in college and six months in 
i n d u s t r y . The re i s a lso to be found the system of a l te rna t ive weeks for college 
study and for indus t r i a l w o r k . T h e r e i s the re fore no ideal p a t t e r n for 
sandwich c o u r s e s • Each inst i tut ion must devise i t s own way of integrat ing 
academic s tudies with p r a c t i c a l t ra in ing in consul ta t ion with i t s counterpar t 
i n d u s t r y . 
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The importance of industrial training must be reflected in the efforts 
made to assess the performance of students during industrial per iods. 
Written reports by tutors and industrial firms are one method of assessment. 
Other methods like oral examinations and continuous assessment must be 
tr ied, on the one hand to ensure fulfilment of the educational objectives of 
sandwich courses and, on the other, to have some measure of a student's 
attainment in his industrial work. All this assessment must also provide a 
means of feedback to improve the training programme and to define course 
objectives in operational te rms . 

Sandwich courses can be either institution-based or industry-based, 
depending upon who selects students. In the former, technical institutions 
select students and place them in industry for training; in the la t te r , industry 
selects and sends them to institutions for studies, in addition to providing 
the necessary training. In both ca ses , the whole programme of training and 
studies is jointly developed by industry and technical institutions. 

Because of their integrated nature sandwich courses are longer in 
duration than conventional courses , but the advantages far outweight any 
objections to duration. It i s , however, important that sandwich course 
students should be paid stipends at least for periods when they work in 
industry. For instance, in India, when sandwich courses were introduced 
some years ago, an incentive was built into the system in the form of stipends 
during industrial training and the entire expenditure on the stipends was 
borne by the Government. La te r , the Indian Apprentice Act 1962 was 
designedly amended to legitimize industry's responsibility for sandwich 
courses • Industry is now required to bear fifty per cent of the cost of 
stipends, in addition to bearing the entire cost of training. 

As an example of how conventional technician courses could be 
reorganized into more useful sandwich courses , a sandwich course jointly 
developed and implemented by an Indian polytechnic and industry is given at 
the end of the paper . In this example, the conventional course is three years 
long and wholly institution-based for the diploma in mechanical engineering. 
The reorganized sandwich course is three and a half years long and includes 
one full year of practical work in industry which is provided in three 
instalments : the first of three months sandwiched between two academic 
sessions of the second year ; the second of another three months during the 
long summer vacation; and the last phase of six months sandwiched between 
the last two academic sessions of the course . The nature and scope of 
practical training in industry is also given in the example. 

Conclusion 

In this paper 1 have taken the stand that technician education and training as 
a means of human resource development of a country is a shared responsibility 
of technical institutions and industry. Both technical institutions and industry 
must discharge the responsibility in unison, first by identifying who a 
technician i s , where he works and what he does; next, by determining from 
activity analysis what types of knowledge-skills mixes are needed for 
different clusters of technician occupations and developing appropriate 
curricular offerings; and finally, by implementing the curricula in close 
co-ordination either in the form of apprenticeship with complementary block 
release or day release courses or in the form of sandwich courses . To 
co-ordinate theory with pract ice , to relate technical knowledge with work in 
industry and to elaborate the complementary functions of technical institutions 
and industry - all this is the heart of the problem of technician education. 
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The problem of educating the engineer i s s imi lar and I would a rgue for 
the same concept of sha red respons ib i l i ty between engineer ing col leges and 
indus t ry and methodological approaches to designing and implementing 
engineering c u r r i c u l a . H e r e , c r o s s - f e r t i l i z a t i o n between engineer ing 
col leges and indus t ry must extend to r e s e a r c h and de sign-development a r e a s 
too to equip p rospec t ive eng ineers with h ighe r - l eve l abil i ty and c rea t iv i ty on 
the one hand, and on the o t h e r , to push up the technology level of the economy 
of a coun t ry . 

My point i s that the education and t ra in ing of eng ineers and technicians 
i s a total effort in which the respons ib i l i ty of technical ins t i tu t ions and 
indus t ry must be c l e a r l y identif ied, del ineated and d i rec ted within a national 
sys tem. 

Sandwich C o u r s e : Content of P r a c t i c a l Work in Indus t ry 

MCM Poly techn ic , Avadi , M a d r a , i s conducting diploma c o u r s e s in 
mechanical and e l ec t r i ca l engineering on the sandwich p a t t e r n . The c o u r s e s 
a r e t h r ee and a half y e a r s long and include twelve months of p r ac t i c a l 
t ra ining in i n d u s t r y . The programme of t ra in ing i s divided into t h r e e p h a s e s : 
t h ree months , t h r e e months and six months • The f i r s t phase i s sandwiched 
between two academic se s s ions of the second y e a r c o u r s e and the next phase 
i s again sandwiched between the l a s t two academic s e s s i o n s . The broad out-
l ines of the t ra in ing programme a r e a s shown below: 

Mechanical Engineer ing 

(Elec t ive : Automobile Engineer ing) 

F i r s t P h a s e : Int roduct ion: Nature of work done in different s h o p s . 
Job Specif icat ions for the t r a i n e e s - what the 
t r a i n e e s a r e expected to d o . 
Understanding shop d r a w i n g s . 
Study of different machining p r o c e s s e s in different 
sec t ions of the fac tory as specif ied, p re fe rab ly on 
l a t h e s , d r i l l ing , milling and shaping machines and 
also on t u r r e t and caps tan l a t h e s . 

Second P h a s e : Tool room w o r k . 
Machine tool maintenance . 
Working on automatic l a thes and genera l purpose mach ines . 
Drawing office w o r k . 
Product ion-planning w o r k . 

Third P h a s e : Planning work . 
Product ion p r o c e s s e s . 
P lan t l ayout . 
Ma te r i a l s c o n t r o l . 
Costing techniques ; work s tudy . 
Analysis of exis t ing des igns of components manufactured. 
P r e p a r a t i o n of s tandard drawings for components suppl ied. 
Test ing components using va r ious gauges and ins t rumen t s . 
Serv ic ing of mate r ia l s handling equipment. 
Serv ic ing and maintenance of indus t r i a l eng ines . 
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Elec t r i ca l Engineering 

(Elec t ive : E lec t r i ca l Machines) 

F i r s t Phase : Introduction to the na ture of e l ec t r i ca l work in 
different sect ions of the f ac to ry . 
Work specification for the t r a i n e e s : What work 
i s expected of the t r a i n e e s • 
P r a c t i c e in f i t t ing, welding, d r i l l ing , gr inding , 
turning and o ther la the work . 

Second P h a s e : Studying drawings of e l ec t r i ca l layout and 
dis t r ibut ion systems in the f ac to ry . 
Maintenance and overhauling of e l ec t r i ca l 
equipment in va r ious s h o p s , e . g . motors used for 
rol l ing m i l l s , f u r n a c e s , c r a n e s e t c . 
Maintenance of b a t t e r i e s . 

Third P h a s e : Work p lanning . 
Layout of e l ec t r i ca l p l a n t s . 
Mate r i a l s c o n t r o l . 
Costing t echn iques : work s tudy . 
Overhauling and serv ic ing of e l ec t r i ca l equipment. 
Mate r i a l s handling equipment and cont ro l systems • 
E lec t r i ca l p lants in the factory including equipment 
in s u b - s t a t i o n s . 
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