
PROJECT TWO 

PRESENTATION OF LEAD PAPER 2 BY 

PR CHANDRAKANT AND SUMMARY REPORT O F PLENARY SESSION 

In presen t ing his l ead p a p e r , D r Chandrakant thanked the Commonwealth 
S e c r e t a r i a t for inviting him to the seminar and for providing him with an 
opportunity to s h a r e h is expe r i ences in the a r e a of technic ian education and 
indus t r ia l co -ope ra t i on . Through con fe r ences , the Commonwealth 
S e c r e t a r i a t had brought together dis t inguished educat ionis ts to c r o s s -
fer t i l ize ideas and e x p e r i e n c e s , to p r e s e n t newly-acqui red pe r spec t i ve s 
and to point new d i r e c t i o n s . The Huddersfield Conference of 1966 was in his 
view an important landmark in technic ian education and t r a i n i n g , because it 
was the f i r s t to be concerned in depth with planning and developing technician 
education systems in re la t ion to o ther socio-economic n e e d s . An important 
sequel to the Conference was the book (c i rcu la ted to delegates) under the 
authorship of M r MacLennan . Dr Chandrakant cons idered t h a t , in the en t i re 
Commonwealth l i t e r a t u r e on technical education and t r a i n i n g , this was the 
most comprehensive book, and gave the bes t apprec ia t ion of the complexity 
and magnitude of the problem of technic ian education development. The 
Huddersfield Conference a l so u n d e r s c o r e d the importance of co-opera t ion 
between education and i n d u s t r y . It was appropr ia te that th i s Regional 
Seminar was specif ical ly devoted to the sub jec t . 

Dr Chandrakant emphasized that a t echnic ian ' s education and t ra in ing 
and the development of h is profess iona l competence was a p r o c e s s which must 
take p lace p a r t l y in an inst i tut ion and p a r t l y in i n d u s t r y . The inst i tut ion must 
equip him with bas ic knowledge in the fundamental s c i e n c e s , mathemat ics , 
and technology appropr ia te to h is spec ia l i za t ion . This education must be 
c r o s s - f e r t i l i z e d with exper ience of i ndus t ry , because only then would he 
unders tand how theory was t r ans l a t ed into p r a c t i c e , how the p r a c t i c a l 
aspec ts of des ign , cons t ruc t ion , p roduc t ion , e t c . w e r e applied to indus t r ia l 
s i tua t ions . There fore education and t ra in ing must be i n t eg ra t ed , and i t was 
no more poss ib le to make c l e a r - c u t dis t inct ion between education and t ra ining 
than to say how cold was hot wa te r o r how hot was cold w a t e r . To co-ord ina te 
theory with p r a c t i c e and to e labora te the complementary functions of educa-
tional inst i tut ions and indus t ry was the h e a r t of the problem of technician 
education; the re fore technical manpower development, whether one thought of 
e n g i n e e r s , of technic ians o r of ski l led w o r k e r s , was a sha red respons ib i l i ty 
of technical ins t i tut ions and i n d u s t r y . 

In his lead p a p e r Dr Chandrakant had p r e f e r r e d " s h a r e d responsib i l i ty" 
to the weak word " c o - o p e r a t i o n " . Unless national pol icy ref lected th is shared 
respons ib i l i ty , many of the problems of providing education and t ra ining in 
the r ight quantity and quali ty would p e r s i s t . 
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He therefore put forward six axioms : 

(a) Technician education and t ra in ing must be re levant to 
employment in i ndus t ry , commerce and other s e c t o r s of the 
economic life of a coun t ry . It must fulfil the employer ' s asp i ra t ions 
for t ra ined manpower . 

(b) As technology advances , the technician must be capable of 
adapting himself to new si tuat ions and his education must equip 
him with the knowledge and ski l ls needed to help him meet new 
cha l l enges . 

(c) Technician education systems must provide for the fur ther 
education of working technicians to enable them to advance in 
the i r p ro fess ion , and continuously determine what additional 
knowledge and ski l l s a r e needed for t he i r p u r p o s e . 

(d) Technician education i s p a r t of both the social and economic 
systems and as such i s influenced by a complex of social and 
economic f a c t o r s . It must be respons ive to the a t t i tudes , va lues 
and work s ty les of future technicians so that they become useful 
and product ive members of the community. 

(e) The in terac t ion of technician education with the economic 
system implies pa r tne r sh ip respons ib i l i ty within indus t ry and 
inst i tut ions so that c u r r i c u l a , t each ing / lea rn ing p r o c e s s e s and 
methodological approaches a r e vi tal ized cont inuously. 

(f) All forms of technical education and t ra in ing a r e expensive 
because of the heavy investments involved in bui ldings , equipment 
and running expend i tu re . The r e s o u r c e s of a count ry must be 
optimized. 

In the context of these s ix axioms, Dr Chandrakant found much of 
re levance in the education systems of all the 21 Colombo P lan c o u n t r i e s . All 
were aware of the importance of mid-level manpower groups and all were 
establishing and developing the i r own systems of technician education and 
t r a in ing . Thei r genera l c h a r a c t e r i s t i c s were that all technician education 
was at the t e r t i a r y level after 10, 1 1 , 12 o r even 13 y e a r s of school 
educat ion, depending upon the e lementary and secondary s t r u c t u r e ; and tha t , 
by and l a r g e , the c o u r s e s were ful l - t ime, of two to four y e a r s ' du ra t ion . 
Cur r icu la embraced the whole range of engineer ing and technological subjects 
such as civil eng ineer ing , mechanica l , e l e c t r i c a l , e l e c t ron i c , t e x t i l e s , 
chemical , t h e r e were a lso some c u r r i c u l a offerings in the n a r r o w e r fields 
of e . g . building const ruct ion technology, automotive mechan ic s , e l ec t r i ca l 
communications. Differing leve ls of c u r r i c u l a were recognized in some 
sys t ems , with engineering technic ian , h igher and lower level technician 
c o u r s e s , e t c . The c u r r i c u l a were a mix of knowledge and ski l l s ; in the 
so-ca l led indus t r ia l technician c o u r s e s , t he r e was a l a r g e r propor t ion of 
the manual , manipulat ive, o r operat ional s k i l l s . In the higher technician o r 
engineering technician c o u r s e s , the theore t i ca l p a r t of technology and the 
sc iences predominated. Most systems were wholly ins t i tu t ion-based , but 
Singapore and Hong Kong for example made some provis ion for pa r t - t ime and 
b lock - re l ea se c o u r s e s ; and by and l a r g e they were for p e r s o n s with a 
secondary educat ion. A l a s t important c h a r a c t e r i s t i c was that v e r y few 
systems provided for the fur ther education of working t echn ic i ans . 
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The p r e s e n t systems in Dr Chandrakan t ' s opinion had grown more in 
r e sponse to social forces than as a d i rec t r e s p o n s e to i ndus t ry ' s needs for 
technical manpower . The sys tems the re fo re did not c l e a r l y identify the 
technician occupations to which the c u r r i c u l a r offerings we re add re s sed o r 
the education and t ra in ing these technic ians r equ i r ed to meet the needs of 
i ndus t ry . As a r e s u l t , the p r e c i s e object ives of the c u r r i c u l a in t e rms of 
subjects and topics we re not c l e a r l y defined. A syl labus only indicated the 
topic headings to be c o v e r e d , the subjects to be taught , the number of hours 
to be spent on each subjec t , both theory and p r a c t i c a l . A syl labus did not 
answer the quest ions "Why do 1 t each th is subject ; at what level should 1 
t each ; what i s the eventual outcome of th i s teaching in t e rms of employment?" 
Consequent concern was about the employability of the produc ts of the 
sys tem. He was aware of the v e r y s e r ious c r i t i c i sm by indus t ry in many 
count r ies he had v i s i t ed , including h is own, that the produc ts we re not 
employable. Unfortunately, indus t ry had remained mere ly a s a c r i t i c and 
consumer of the p roduc t s of the sys tem, with no valid s take in the i r education 
and t r a i n i n g . This was where sha red respons ib i l i ty between educational 
inst i tut ions and indus t ry s t a r t e d . T h r e e quest ions should be a sked : 

Who i s a technician? 

Where does he work? 

What does he do? 

The re were enough definitions of a technic ian to be confusing, including 
those of the Huddersfield Confe rence , which he had had the honour to a t tend . 
These definitions placed the technic ian somewhere between a technologist and 
a skil led worke r but went no f u r t h e r . The more important thing was to know 
how indus t ry used a t echn ic ian . Indus t r i a l i s t s said that the word technician 
was r a r e l y used in i ndus t ry , a s did M r MacLennan ' s book. Indus t ry looked 
upon a technic ian in t e rms of h i s functions; the job he d id , where he worked , 
and what he d id . Only a re -examinat ion of educat ion 's definition of a techni -
cian and indus t ry ' s unders tanding could br idge th is gap between indus t ry and 
educat ion . In h is l ead p a p e r he made a s t rong p lea for a sc ien t i f ic , methodo-
logical approach to identifying technic ians and determining what they did, and 
he had label led th is "Activity A n a l y s i s " . This was the f i r s t joint responsibi l i ty 
of indus t ry and technical i n s t i t u t ions . 

Dr Chandrakant explained Activity Analysis by r e f e r ence to examples 
from the e l ec t r i ca l and mechanical engineer ing indus t r i e s . In these examples , 
technicians could be identified at work in four major functional a r e a s : 

One functional a r e a where technic ians w e r e employed was those 
departments of an organizat ion whose work was d i rec ted outwards to the 
suppl ie rs and c u s t o m e r s ; depar tments concerned with commerce . 

The second functional a r e a was r e s e a r c h , des ign and development -
departments engaged in technical work leading up to decis ions to produce on 
a commercial s ca le • 

The th i rd functional a r e a was produc t ion , in departments whose work 
ranged from the point of the decis ion to p roduce to the s tage of the finished 
p roduc t . 

The fourth functional a r e a was departments which provided s e rv i ce s 
o r supported the ac t iv i t ies of one o r more of the above departments • 
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Dr Chandrakant next i l lustrated, by char t , how to understand what 
technicians did in their jobs in these functional a r e a s . His paper broke down 
the jobs into six groups and gave examples of sub-groups. The broad groups 
were communications, design, organizing work, diagnosis, practical work, 
and supervision of other staff. Further analysis should make possible a 
three-dimensional matrix or profile of technicians in industry by their 
functional classification, and by their work content in different functional 
a r ea s . Dr Chandrakant could not see how a technician education and training 
programme could be developed. At one end of a broad spectrum the technician's 
functions were nearer the professional engineer 's ; more concerned with 
design, design drafting analysis and other types of what might be called 
higher technician duties and responsibili t ies. At the other end, there were 
technicians doing work like a craftsman's, but at a slightly higher level and 
with a better understanding of the skills involved. In between there were 
technicians with different mixes of knowledge and skill . 

This picture could be elaborated by an activity analysis, which only 
industry and institutions together could car ry out, to provide much-needed 
information for curriculum design. From the analysis, curriculum designers 
should be able to develop an understanding of the problems and to decide the 
broad content of the curriculum; what kind of mathematics and science needed 
to be taught and at what level; the precise objectives of teaching the subject; 
what type of educational theory, what type of technology and at what level; 
what technology pract ice , and what other general education subjects to 
develop communication, supervisory and management ski l ls . The intention of 
this kind of analysis was to get the basic information needed to structure the 
curriculum by aggregating a large number of closely related technician 
occupations. Whether the technician went to work in a department of commerce, 
production, or design, Dr Chandrakant knew from experience that it was 
possible to aggregate the technician occupations on the basis of activity 
analysis ; there was no implication that technicians were to be produced in 
this manner for a particular job in a particular organization. 

The next stage of shared responsibility or partnership between industry 
and institutions was in the implementation of curr icula . Because a going 
system of technician education and training was a process which would take 
place partly in an institution and partly in industry, curricula must be 
designed jointly. The practical work to be integrated with education in insti-
tutions was not just any kind of practical work, not any kind of training; it 
must have definite objectives, be part of a well-designed programme, and be 
supervised. His lead paper outlined some of the general principles to guide 
the designing of practical training programmes in industry. There must start 
with a period of induction when the aspiring technician was exposed to the 
industrial scene to understand how industry operated, its climate, community, 
and other conditions • A second component was training in the basic skills 
relating to production operation and use of tools , machines, and related 
aspects . To his mind, it made no difference whether these basic skills were 
given in separate training centres of industry or in workshops attached to 
institutions. This depended on the conditions of training in each country; but 
there must always be a well-designed programme of basic training before a 
technician trainee was sent for on-the-job training. 

Dr Chandrakant thought the most significant improvement in apprentice-
ship schemes was the realization that basic training must be given away from 
the production shop; against the old concept of apprenticeship, of "sitting next 
to Nellie", when Nellie knew nothing, or you learned the bad things that 
Nellie knew. Basic skills development must take place under supervision as 
an education process in separate shops. The engineering pract ice , that is 
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the actual applicat ion of these ski l ls on the job , on the shop f loor , in 
depar tments , was the l a s t s tage of any apprent iceship p rog ramme . The 
country p a p e r s had shown that almost all coun t r i es had one form o r o ther of 
appren t i cesh ip , but few had extended apprent iceship to t e c hn i c i a ns . He 
r ea l i s ed that in some of the s y s t e m s , s tudents in ins t i tu t ion-based education 
were r equ i red to put in six months to one y e a r of p r ac t i c a l work in indus t ry ; 
but unfortunately such t ra in ing was not supe rv i s ed , nor p a r t of a wel l -
designed p rogramme, nor intimately r e l a t ed to the education e lement . Boys 
coming into indus t ry became mere s h o p - w a l k e r s , gaining no r ea l l y worthwhile 
e x p e r i e n c e . All th is implied fur ther a spec t s of pa r t ne r s h ip between inst i tut ions 
and i ndus t ry . Indus t ry and inst i tut ions toge ther must l ay down the t ra in ing 
specif icat ions in behavioural t e r m s . Most t ra in ing programmes did not do t h i s ; 
the t r a i n e r in i n d u s t r y , l ike the t e a c h e r in an ins t i tu t ion , did not know the 
p r e c i s e ob jec t ives . The specif icat ion should be accompanied by information 
about with whom o r under whose guidance a t r a inee would work ; what p r o c e -
du res he would follow; and by some t ra in ing examples . Unless th i s kind of 
apprent iceship mate r ia l complemented the ins t i tu t ions ' c u r r i c u l a r documents, 
the in tegra t ion of theory and p r a c t i c e would not be r e a l i s e d . 

Dr Chandrakant r e f e r r e d to the in te res t ing Has legrave Repor t on the 
education and t ra in ing of technic ians in B r i t a i n , where under the diversif ied 
systems of technician examinations run by var ious a u t h o r i t i e s , t he r e was lack 
of coherence between c o u r s e s . This Repor t ca l led for some ra t ional iza t ion of 
the technician education programmes in Br i t a in in l ine with the programmes of 
the Indus t r ia l Tra in ing B o a r d s . This was again br inging indus t ry and education 
together not mere ly on a conceptual p l a n e , but over p r a c t i c a l methods of 
working t o g e t h e r . 

Sandwich c o u r s e s were not the domain of indus t ry ; they were as much 
education as the education given in in s t i t u t ions . To him, the quest ion was 
exploiting the r e s o u r c e s of i ndus t ry so that indus t ry and inst i tut ions combined 
to provide the type of education and t ra in ing that a p rospec t ive technician 
r e q u i r e d . There were different forms of sandwich c o u r s e , thick o n e s , thin 
o n e s , medium o n e s . In h is own exper iences in India , t h e r e were 320 poly-
technics and the constant complaint of indus t ry was that the p roduc ts of these 
polytechnics completing full-time t h r e e - y e a r c o u r s e s were not employable. 
Those arguments went back and fo r th , and a bas i s of unders tanding could not 
be formed, except through sandwich c o u r s e s . According to his own survey of 
the r e s u l t s of the sandwich c o u r s e s , they w e r e not acceptable to indus t ry in 
te rms of the kind of technic ians they needed . 

Dr Chandrakant then r e tu rned to h is l a s t axiom, re la t ing to the 
economics of educa t ion . S ince educat ion , including technical educat ion, was 
r ega rded as a p a r t of the socia l sys tem, t h e r e was a limit to which a govern-
ment could p rov ide the means for the education and t ra in ing of t echn ic i ans . 
Educational cos t s were going u p , including t e a c h e r s ' s a l a r i e s and the cos t s 
of equipment. "Unless ways and means could be found to minimize c o s t s , 
count r ies would be unable to afford be t te r -deve loped systems because of the i r 
additional financial b u r d e n . 

Dr Chandrakant ' s p a p e r , having deal t with act ivi ty a n a l y s i s , work 
content , the knowledge/ski l l mix , and the types and leve ls of technicians 
r e q u i r e d , had moved on to the s tage of c lus te r ing t echn ic ians ' occupat ions , 
which he thought v e r y impor tan t . He had then identified the main technician 
specia l i t ies • Then came the planning of the technician education system 
itself; specifying i t s ob jec t ives ; determining the c o u r s e dura t ion ; specifying 
the en t ry r e q u i r e m e n t s . Then the curr iculum design p a r t of the sys tem, 
curr iculum objec t ives , subject ob jec t ives , behavioural a s p e c t s , specifying 
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the t ra ining objec t ives , t ra ining specif icat ion, schedules of t r a in ing , 
sequence m a t r i x . Dr Chandrakant added that the re must be a continuous 
feedback both from the inst i tut ions and indus t ry to indicate where the total 
system needed to be modified o r improved; and the ro le of indus t ry was as 
important as any other in evaluating both the s tudent ' s performance and the 
in teract ion between the many elements involved. 

After thanking Dr Chandrakant , the Chairman invited pre l iminary 
questions and comments , and the following points were made: 

P a r t n e r s h i p 

More than one delegate r epor t ed a lack of r e sponse in his own country to 
approaches made by education to i ndus t ry , and one delegate said that the 
will ingness of indus t ry to make i t s contribution to a pa r t ne r s h ip was minimal. 
Dr Chandrakant said that he had encountered th is p rob lem, but thought that 
sufficient goodwill could sometimes be genera ted among a few small indus t r ies 
for a break- through to be achieved . Di rec t contact on p r ac t i c a l ma t te r s was 
important . Asked to define the te rm "common goa l " , he said that educational 
objectives were usual ly exp re s sed in te rms of educational s t a n d a r d s , but it 
was important to have a c l e a r e r definition of what a technician was to do ; 
indust ry needed technicians with a well-defined technical content , and this 
definition of i ndus t ry ' s requi rements was the common goa l . 

The pa r tne r sh ip as it exis ted in Hong Kong was descr ibed by a 
Hong Kong r e p r e s e n t a t i v e . He said t he r e were many committees under the 
Hong Kong Training Counci l , and i t s indus t r i a l i s t members spent much time 
in attending meetings during normal office h o u r s . Indus t ry did not on the whole 
favour the imposition of a genera l levy but t he re was a levy system operat ing 
in two i n d u s t r i e s . The genera l ly accepted view in Hong Kong was that 
technical education was the responsib i l i ty of the Government and in-plant 
t ra ining the responsib i l i ty of i ndus t ry . Some indus t r i a l i s t s wanted govern-
ment to subsidize apprent iceship t r a in ing , but th is was unacceptable to 
government In ce r t a in indus t r i e s some uni ts were too small to have the i r 
own t ra ining p rog rammes ; the garment indus t ry (the l a r g e s t in Hong Kong) 
had es tabl ished i t s own vocational t ra in ing cen t r e for the t ra in ing of garment 
w o r k e r s , and a levy was imposed on the i n d u s t r y . The const ruct ion indus t ry 
was the o ther indus t ry with i t s own levy sys tem. P a r t n e r s h i p w a s , in s h o r t , 
reasonably well-developed in Hong Kong. 

Representa t ion of Indust ry at the Seminar 

The same delegate asked why indus t ry was not more widely r e p r e s e n t e d at 
the semina r . He and o the r s r eg re t t ed that the delegates were nea r ly al l 
drawn from technical educat ion, and the voice of indus t ry was therefore not 
hea rd on many i s s u e s that c lose ly affected i t . 

Mr B . F . C . Fong said that the Commonwealth S e c r e t a r i a t would ve ry 
much like to have seen more indus t r i a l i s t s pa r t i c ipa t ing , but governments had 
nominated a g rea t preponderance of delegates from education (though it should 
be remembered that quite a few of these had prev ious exper ience in indus t ry ) . 
The point would be borne in mind for any s imilar occasions in the fu ture . 

50 



Correspondence Education 

In rep ly to a quest ion about the u s e of co r respondence education for techni -
cians , Dr Chandrakant said that he had nó exper ience of co r respondence 
c o u r s e s but could see definite advantages in the i r u s e . The exper ience of 
the Open Univers i ty in Br i ta in led him to believe that new media like t e lev i -
s ion , radio and programmed l ea rn ing had tremendous potent ial at technician 
education l e v e l . In New Zealand and Aus t ra l ia a substant ia l p a r t of t echni -
cian education was through the medium of c o r r e s p o n d e n c e , sometimes al l ied 
with o ther media . Cor respondence c o u r s e s were ce r t a in ly as not as na r row 
as they used to be and t h e r e was no doubt that they had a p a r t to p l ay . 

Apprenticeship for Technic ians 

The p lenary se s s ion was told that one of the s emina r ' s groups had a l r eady 
reached the point of recommending that apprent iceship should be extended 
to technicians and not confined to c ra f t smen . 

F u r t h e r Education and Train ing 

In rep ly to a ques t ion , Dr Chandrakant said that providing fur ther c o u r s e s 
for t ra ined technic ians who could not r e t u r n for more education posed 
ce r t a in p rob l ems , but these could be overcome. The feeling that c u r r e n t 
education and t ra in ing programmes w e r e a dead-end sometimes c r e a t e d 
p r e s s u r e from students to upgrade c o u r s e s to degree l eve l ; but this 
upgrading should only a r i s e from actual development needs of a count ry ' s 
sys tem. It was important that the national system should provide fur ther 
education both for student technic ians and for qualified t echn ic i ans , to help 
them to h igher qual i f ica t ions . 

Sandwich C o u r s e s 

Asked about cons t r a in t s that opera ted agains t organizing c o u r s e s on a sand-
wich b a s i s , Dr Chandrakant said that in India sandwich c o u r s e s had been 
introduced to combat c r i t i c i sm from i n d u s t r y , and the system as implemented 
the re involved the employment of additional t e a c h e r s because some had to 
accompany the student in i n d u s t r y . Another problem was that sandwich 
c o u r s e s we re of longer durat ion than full-time c o u r s e s , and sandwich cour se 
students did not have long summer ho l idays . A delegate added that the 
location of educational ins t i tu t ions v i s - à - v i s indus t r i e s was a lso an impor-
tant cons ide ra t ion . Dr Legg said that h is 13 y e a r s ' exper ience at 
Loughborough, a p ioneer of sandwich t r a in ing , caused him to sound a word 
of caut ion . The lack of sufficient p l aces for t r a i n e e s was a cons t r a in t , and 
the re came a stage when the ins t i tu t ions could not go on approaching i ndus t ry . 
If indus t ry could not accept all t r a i n e e s , and if sandwich-type cou r se became 
cons idered as an in tegra l p a r t of an education sys tem, ins t i tu t ions would have 
to introduce some quas i - indus t r i a l p r ac t i ca l t ra in ing within the inst i tut ions 
themse lves . 
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