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F O R E W O R D

The Institute o f A pplied  M anpower R esea rch , in its w ork  relating  to 
engineering  m anpow er, was con cern ed  with m anpow er ca teg ories  at variou s 
le v e ls  in the em ploym ent h ierarch y . The p rob lem  o f technicians in industry 
w as d iscu ssed  in se v e ra l o f its rep orts  and in one o f the sem in ars organ ised  
by  it in June 1964.

2. The Institute's f ir s t  area  o f detailed w ork  in the "tech n ician " fie ld  was 
to study the question o f tech n icia n /en g in eer ratio  to find out w hether such 
an approach  could  be used in the p ro jection  o f m anpow er requ irem en ts at 
technician  leve l, w hich could  in turn prov ide  som e guide lines fo r  action  by 
educational p lanners. This study was taken up in the Institute in Septem ber 
1966 with the help o f M r. R obert S. Q ueener, Training A ssoc ia te  in M an
pow er, in the o ffice  o f the F ord  Foundation, New Delhi. The study could  
not escap e  the p rob lem  o f term in ology  o r  definition o f the term s technician  
and "e n g in e e r" , on w hich the a ccu ra cy  of the study la rg e ly  depended. The 
low er end o f the spectrum  o f engineering m anpow er, i. e . , the sk illed  c r a ft s 
m en and the sk illed  p ro ce s s  w ork er and an am orphous group o f ‘ p ra ctica ls  
without fo rm a l education o r  training, a lso  entered  the p icture to som e 
extent.

3. H ow ever, the study revea led  that the tech n ician /en g in eer ra tio  in 
the Indian context p oss ib ly  con cea led  qualitative d e fic ien cies  in e ither o r  
both ca te g o r ie s . It is  with a view  to locating  these qualitative d iffe ren ces , 
i f  any, that the study was en larged to co v e r  the com parative  m ethods and 
standards o f  technician  education and training in India and other cou n tries. 
This part of the study was undertaken by Shri K. R. Sivaram akrishnan,

^^hief o f  the M anpower R esou rces  D ivision , in the Institute, who a lso  
ca rr ie d  the integrated  study to an advanced stage.

4. What this integrated  study tr ie s  to presen t is the concept o f a 
technician  as requ ired  by Indian industry at its p resent stage o f d eve lop 

ment. It would be a m istake to im port w h olesa le  the concepts o f technician  
education which ex ist in other cou n tries and to set up on that b a s is  training 
fa c ilit ie s  ' f o r  technicians with the help o f industrially  advanced cou n tries. 
N either the narrow  sp ecia lisa tion  o f technician  cou rses  n or the p r e -  
em ploym ent experien ce  o f the type as req u ired  elsew h ere  fo r  seek ing entry 
into such co u rse s , can be relevant to Indian conditions. Our a im  should 
be  to evolve  an Indian concept o f technician  education based  on an under
standing o f the functions o f a m iddle le v e l technician ’ as requ ired  in Indian 
industry. It is  understood  that a few p ro je c ts  with fo re ign  aid are  under 
way fo r  the developm ent o f technician  education. If through these p ro je cts ,
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o r  even due to lack  o f a .c lear concept o f  technician  education in existing 
institutions, a v a rie ty  of products are  thrown up in the em ploym ent m arket 
based  on the experien ce  o f  the country provid ing the aid o r  the ideas o f the 
B oards o f  Management o f  each institution o r  even the State B oards o f ’ 
T ech n ica l Education, then industry is  m ost lik e ly  to be con fused  and a 
rational pattern o f em ploym ent o f technicians w ill not be generated. Industry 
w ould continue to p re fe r  the graduate engineers due to the la ck  o f co n - 
s is ten cy  in quality and con cepts in the products o f polytechnic institutions.
It is  fo r  this reason  that a c le a r  con cept o f “ technician  * education be developer 
now so  that a ll technician  education fa c ilit ie s , whether they are  being new ly 
developed  o r  have been in ex isten ce  fo r  som e tim e, are  geared  to this 
concept. This w ill help the generation  o f a rational pattern o f em ploym ent 
stru ctu re  in industry.

5. The in terest ex p ressed  by D r. T . Sen, Union M in ister fo r  Education ; 
who d esired  an ea rly  d iscu ssion  on this sub ject, provided  a stim ulus to 
expediting the com pletion  o f the integrated  study and su bm ission  o f this 
paper.

6. The exp erien ce  of, and p rob lem s faced  by, industry w ere  d iscu ssed  
ex ten sively  with P ro f. A . S. Sen o f Guest Keen W illiam s and Indian E ngin
eerin g  A ssocia tion , and the Institute is gratefu l fo r  his a ss is ta n ce  in the 
form ulation  o f the recom m en dation s.

7. It is  hoped that the rep ort  w ill generate the d iscu ssion  n e ce ssa ry  , 
to bringing this p rob lem  to the fo re  and finding an ea rly  set o f solu tions.

P .K . DAS
1 9 .6 .6 7  D ire cto r

(ii)



C O N T E N T S

CH APTE R  I

CH APTER II

CH APTER III

Page

CONCLUSIONS AND RECOMMENDATIONS

“ Sum m ary o f C onclusions 1

- R ecom m endations 7

THE MIDDLE LE V E L TECHNICIAN

- D efin itions and R ole  o f a T echnician  27

- C h a ra cter is tics  o f T echnician
E m ploym ent 31

- C onclusions on E m ploym ent Pattern 50

TECHNICIAN EDUCATION AND TRAINING

- P resen t Pattern  in India 53

- T echnician  Train ing in Other
C ountries 58

- C onclusions on T echnician  Training
Patterns 68

(iii)



i r o D

313. 6̂ 0 ^ ^ ^



FIGURE AND TABLES

F igu re  1 

T able I 

T able II

Table III

Table IV

Table V

Table VI 

T able VII

T able VIII

T able  IX 

Table X

F low -C h art from  10-y e a r  sch ooling  
upwards

T ech n ician /E n gin eer Ratio, by se c to rs  of 
industry

D ensity of em ploym ent of engineers, te ch 
n o log ists  and scien tists , technicians and 
other technica l supporting staff in UK, by 
industry

Technicians and E ngineers in broad indus
tr ia l groups - 4 coun tries

D eviation o f the T ech n ician /E n gin eer ratio 
in sev era l industrial groups from  ov era ll 
industrial ra tio  - Data .from  four coun tries

D ensity of em ploym ent of engineers, te ch 
n olog ists and scien tists , technicians and 
other techn ica l supporting staff in UK, by 
s ize  o f establishm ent

Adjustm ent o f Data on em ploym ent of 
E ngineers and Technicians in India

E m ployed p erson s a ccord in g  to lev e l of 
education in n on -agricu ltu ra l industry. 
G reater Bom bay (a ll urban)

E m ployed persons a ccord in g  to lev e l of 
education in n on -agricu ltu ra l industry, 
Thana Labour m arket area

T echnicians and E ngineers in M anufac
turing industry in variou s countries

^Distribution of cu rr icu la r  hours, by broad  
sub ject or activity  groups fo r  different 
technician  cou rses

P a^e

1[5

3.̂

3P

36

37

3)

4)

45

(iv)



CHAPTER I

CONCLUSIONS AND RECOMMENDATIONS

SUMMARY OF CONCLUSIONS 

Q b iect iv es  o f the M em orandum :

1. This M em orandum  attem pts to:

(a) study the p lace of the m iddle lev e l technician in industry,

(b) study the current pattern o f technician education and training 
o f diplom a holders in engineering and technology, and

(c ) suggest a solution to the prob lem  of qualitative m atching of 
educational and training p rogram m es fo r  the m iddle leve l 
technicians with the requ irem ents o f industry.

T h e  P rob lem :

2. In the Institute's study relating to engineering m anpow er, the 
qu estion  of engineering personn el just below  the lev e l o f graduate or 
p ro fe s s io n a l engineer has been d iscu ssed  sev era l t im es . In the Sem inar 
on C ollaboration  between Industry and T echnica l Institutions" held at 
M adras in June 1964, w here polytechnic education and technician p o s i
tion s  in industry w ere  d iscu ssed  in great detail, there w as general a g re e 
m ent that the present cou rses  w ere  inadequate in so  far as p ra ctica l 
tra in in g  is  concerned . A sp ecia l study undertaken by an o ff ic e r  of the 
lA M R  in 1965 in countries o f W estern  Europe, USA and Japan, on

S ign ifican t W orld  Trends in E ngineering M anpower Developm ent , r e 
com m en d ed  the developm ent of functional p rogram m es at technician 
le v e l  in  consultation  with em ploying industries with a view  to gradually 
r e p la c in g  existing general engineering cou rses  at the diplom a level.

3. The need to e ffect a d rastic  change in the existing system  of 
p o ly te ch n ic  education has been  recog n ised  by bodies such as the A ll 
India  C ouncil fo r  T ech n ica l Education as w e ll as by the Education 
C o m m iss io n . The A ll India C ouncil fo r  T ech n ica l Education as early  
as  in 1961, had com e to the view  that "a  stage had been reached  at 
w h ich  the entire question  o f the aim s and ob jects  o f diplom a cou rses ,



their contents, standards o f training and other asp ects  should be r e 
con sid ered  in relation  to the changing pattern o f em ploym ent o f te ch n ica a l 
p erson n el in industry and other s e c to r s ” .* R ecently , the Education 
C om m ission  has re fe rre d  to "the present w eaknesses o f the diplom a 
training being insu fficien tly  p ra ctica l o r  in d u stry -orien ted " and r e 
com m ended im m ediate steps to ca r ry  out investigations in co o p e ra t io n  i 
with industry aim ing at job  analysis and sp ecifica tion s  in term s of 
lev e ls  and c lu sters  of sk ills  and resp on sib ilities  fo r  technicians ** so  
that the diplom a cou rses  would be rev ised  aim ing not at producing a 
low er c la ss  engineer but a technician in rea l term s.

4. This prob lem  is not p ecu liar to Indian conditions. A White P apterrt 
of the G overnm ent of the United Kingdom  presented  to P arliam ent in 
January 1961 stated that the needs of the technician  cannot be sa tis fa c  
to r ily  m et by cou rses  which are p r im a rily  designed fo r  cra ftsm en  on
one hand or  technologists on the other. T here m ust be co u rse s  s p e c i 
fica lly  adopted to h is requ irem en ts and coord inated  with h is industriaU 
training. S im ilar p rob lem s in resp ect  o f the education and training 
preparation  o f the technician  fo r  industry have been fa ced  in other coum -- 
tr ie s  in Europe as w e ll as in USA.

5. The lack  of adequate and d istinct educational preparation  fo r  th e  
technician requ ired  by industry has had its rep ercu ss ion s  on the em ploy^- 
ment pattern in the industry. In a num ber of industrial esta b lish m en ts, 
cra ftsm en  have r isen  to technician positions over a p eriod  o f y ea rs ; biut; 
because of the inadequacy o f their educational preparation , they have moit 
been as e ffective  as they : should be to m eet the challenge that the te ch  - 
nician post norm ally  ca lls  fo r . A lternatively, the graduate engineer o r  
p ro fess ion a l engineer is  p laced  in technician  positions though he is  n e ith e r  
meant nor prepared  fo r  these tasks. This underutilisation o f an en g in e e r  
resu lts in fru stration  and lack  o f job  satisfaction . In both ca se s , quite

* P roceed in gs of the 14th m eeting o f the A ll India C ouncil fo r  T ech n ica l 
Education, held on July 7, 1961, Govt, o f India, M in istry  o f E ducation, 
Para  32.

R eport o f the Education C om m ission . 1964-66, Govt, o f India,
M in istry  o f Education, paras 15. 21 - 15. 23.

-J- " B etterO pportun ities in T ech n ica l Education". Cmnd 1254, HMSO, 
London, page 5.



(of:en the actual functions o f the technician  rem ain  unfulfilled. The 
Estimates Comm ittee'!' and variou s C om m ittees of P arliam ent in 
^examining the em ploym ent structure in public undertakings have 
(Commented on the low lev e l o f utilisation  of a num ber o f graduate 
engineers on subordinate su p erv isory  job s , in public undertakings.
The Education C om m ission  has re fe rr e d  to this as "a  w astefu l use"
(of the sk ills  of the engineers and "an  u n n ecessary  ch arge" on training 
costs . The lack  of adequate preparation  of technicians fo r  em ploy - 
jmen: in industry th ere fore  resu lts  in h igher investm ent in engineering 
(Colleges because of the higher rate o f em ploym ent of p ro fess ion a l 
engineers in technician p ositions. F urth er, it resu lts  in lack  of sp e 
cia lisation  in the technician function. T his is  an essen tia l part of 
the technician job  requirem ent and its inadequacy resu lts  in low er 
perform an ce in the undertaking. In a num ber of ca ses , it a lso  resu lts 
in  faster prom otion  of w ork er lev e l p erson n el without adequate know- 
ledgiB resulting in dilution in the quality o f  personn el requ ired  at the 
technician level. A v iciou s c ir c le  has thus developed w here the educa
tional system  is not geared  to produce su ffic ien t num ber o f tech n i
cians of the right ca lib re  and quality fo r  the em ploym ent m arket, and 
the em ployment structure in many industries has no s p e c ific  p lace 
fo r  the technician. A ll these p rob lem s a re  being fa ced  by Indian 
industry and the soon er a set of solutions is  found the better it would 
b e  for industrial developm ent.

Who is a T ech n ician :

6. As w ill be seen  from  Chapter II, w h ere an attem pt has been 
made to d iscuss the variou s definitions w hich are  used in different 
countries and industries to identify the type of tasks and re sp o n s ib ili
ties  shouldered by the technician, there is  no single un iversa lly  accepted 
descrip tion  of the ro le  of the m iddle le v e l technician in industry. While 
the definitions d escrib ed  and d iscu ssed  in Chapter II provide a detailed 
p icture, the follow ing general con clu sion s m ay be drawn from  these 
definitions about the ro le , p lace  and educational preparation  of the 
technician:

(a) In a job  h ierarch y  the tech n ician 's  ro le  fa lls  between that of the 
sk illed  w ork er and the p ro fe ss ion a l engineer (o r  technologist).

R eport of the E stim ates Com m ittee (1 9 63 -6 4 ), Govt, of India,
page 48.



(b) A  technician is requ ired  to have adequate sc ien tific  and tech n o
lo g ica l knowledge in a re la tive ly  narrow er sp ecia lity  com pared  
to a p ro fess ion a l engineer and at the sam e tim e have techn ica l 
knowledge and sk ills  in a broader num ber o f trades or a ctiv ities  
than those requ ired  of a sk illed  w orker.

(c) H is position  req u ires  that by virtue of his education he should 
understand the details of technical "know-how" laid down by
the p ro fess ion a l engineer and com m unicate the sam e as technica l 

do-how  ' to the sk illed  w ork er o r  use it in his w ork  if  he has to 
a ccom p lish  the tasks h im self.

(d) His knowledge o f sc ien ce  and technology must be such that it 
would be capable of adaptation fo r  future advances in sc ien ce  
and technology  in that sp ecia lity .

(e) His educational and training preparation  should enable him  to 
have knowledge in a sp ecified  sp ecia lity  o f technology, acquain
tance with a varie ty  o f  manual sk ills  requ ired  by w ork ers  in 
that branch o f technology, and su p erv isory  knowledge and sk ills .

(f) F inally , he is  b a s ica lly  an "app lica tion -en g in eer" and not a 
developm ent and re se a rch  engineer and applies sp ec ific  proven 
techniques a ssocia ted  with sc ien ce  and technology, though he 
m ight a lso  be useful in re sea rch  and developm ent o r  design 
organisations to w ork  under the guidance of p ro fess ion a l engineer.“s /  
technologists .

_Employment P attern°

7. Since the technician  in term s of h is status in an em ploym ent 
pyram id is  betw een the sk illed  w ork er and the p ro fess ion a l en g in eer / 
t^ch n olo^ st, the total num ber of technicians requ ired  in any branch 
of activ ity  would obviou sly  fa ll som ew here between the num bers of 
sk illed  w ork ers  and the num bers o f p ro fess ion a l engineers or tech 
n olog ists .

8. The discussionS: in Chapter II indicate that there ex ists a m ajor 
difficu lty  in obtaining and com paring em ploym ent patterns of the middle 
leve l technician  in industry because of the variations in definitions and 
utilisation patterns, The o v era ll ra tios of em ploym ent o f profession al



engineer and technician which have been m ost frequently m entioned as 
desirable ra tios vary  between 1:2 to 1:5. It is  a lso  lik e ly  that in som e 
industrial a ctiv ities , the engineer to technician  ratio  m ay be in the 
reverse  proportion . The Education C om m ission  has recom m ended  a 
target o f an ov era ll ratio of engineers to technicians o f 1:2. 5 by 1975 
and 1:3 or 1:4 by 1986.

9. It would seem  to be a r isk y  p roposition  to accep t any o f these 
ratios as applicable to the w hole o f the econom y o r  even to d ifferent 
sectors of industries o r  technology becau se  m ore  detailed studies indi
cate that the ratio  o f technician to an engineer is  a derived  index of 
engineering em ploym ent in a country under existing conditions and 
pattern of industrial production  and other fo rm s  of industrial activity, 
as w ell as on sev era l other fa ctors  including the type and quality of 
technician and graduate engineering education. The ratio  a lso  depends 
on the m anner in which the technician sp ecia lit ie s  are grouped, the 
level o f industrial developm ent of the country, and the stage o f scien tific  
development of the sub ject m atter.

Educational Pattern :

10. A s d iscu ssed  in Chapter III, the pattern o f educational p r e 
paration o f the technician in India seem s to be in a state of flux. There 
are three patterns in ex istence, v iz . — the 3 y rs . diplom a cou rse , the 
2 y rs . technicians cou rse  and the sandwich cou rse . Out of this, the
3 yrs . cou rse  is m ost extensive being o ffe red  in 259 polytech n ics with 
a total adm ission  capacity  o f 47, 000 per year and an annual outturn of
17, 000 in 1965, which is expected  to be doubled by 1975-76. The 2 yrs . 
technicians cou rse  is m ore  sp ecia lised  and is o ffe red  in 8 polytechnics — 
with an annual outturn o f 660 in 1965, which is  lik e ly  to in crea se  to 
1,200 in 1.975. The two sandwich co u rse s  are  o ffered  in 9 cen tres (6 
m echanical, 3 ch em ica l) with an annual adm ission  capacity  of 400 students 
(^80 mechanical, 120 ch em ica l).

11. The 3 y rs . and 2 y rs . cou rses  a re  a lm ost w holly  institution based 
and generally  academ ic and th eoretica l in content. Though a 2 y rs  period 
o:’ p ractica l training in industry on com pletion  of the institutional cou rse 
i£ envisaged, in actual p ra ctice , s in ce  this training is neither planned, 
s ip erv ised  nor con tro lled , m ost students do not go through it.

12. The fa c ilit ie s  developed so fa r would give an out-turn of 35, 730 
technicians annually by 1975-76 as against 24,000 graduate engineers.



which g ives a ratio of degree  to diplom a outturn o f about 1:1. 5.

13. Some of the m a jor  w eaknesses o f the existing pattern of d ip lom a 
education are:

(a) Insufficient specia lisation ,

(b) Inadequate or  a lm ost no p ra ctica l training other than the 
w orkshop p ra ctice  o r  laboratory  w ork included in the 
institutional cou rse .

(c ) W herever the cou rse  is  either 61 5;"2-iyrs ^/duration .
o r  heavily  p ra ctica l as in the case  of the sandwich pattern 
(46 w eeks institutional and 136 w eeks p ra ctica l), the tech n i
cian  is  not prepared  adequately fo r  the ‘ tljeoretica l' content 
of his job .

(d) L ack  of involvem ent o f industry in the design o f the p r o 
gram m e of p re -em p loym en t preparation  of technicians and 
in its actual im plem entation,

14. Mention m ay a lso  be m ade here  of cou rses  m eant m ostly  fo r  the 
developm ent of technician lev e l personn el organised  by som e la rge  indus
tr ia l undertakings p articu larly  in sp ecia lities  w here technician co u rse s  
have not developed adequately in polytechnics. The stee l industry in 
particu lar, both in the public and private sectors^ offer  such co u rse s  fo r  
technicians in ferrou s  m eta llurgy  by recru itin g  graduates in gen era l s c i ‘r.;̂ .fhA'> 
anceand training them over a p eriod  o f 18 months to 3 years .

15. Looking at the educational pattern fo r  technicians in industria lly  
advanced coun tries, it would be found that there is no single pattern. It 
v a r ie s  between w holly  institution -based  patterndiki'^lSholly in d u stry -based  
pattern; from  one type o f diplom a o r  ce rtifica te  to two o r  m ore  types; 
from  w holly institutional co u rse s  to sandwich pattern o f co u rse s . But in 
a ll the patterns, there is con s isten cy  in resp ect  o f the follow ing:

(a) the technician cou rses  are n arrow er in sp ecia lity  com pared  
to the p ro fess ion a l en g in eer /tech n olog ist cou rses*^

(b) a balance betw een theory  and p ractice  is ingrained in the 
cou rse  either through a sandwich type of cu rr icu la r  pattern 
or  by insisting on p re -p a rtic ip a tion  industrial exp erien ce  o f  
2 -3  years duration.



(c) a balance in term s of tim e and su b ject a lloca tion  to technology 
(theory), p ra ctice  (training) and hum anities (su p erv is ion  and 
adm inistration, e t c ).

' RECOMMENDATIONS

Ganeral:

16. To solve these p rob lem s, it is  recom m ended  that urgent steps 
be taken broadly  in the follow ing d irection s;

(a) N arrow ing the m a jor branches of engineering o r  technology into 
technician sp ecia lities  fo r  the p re -em p loym en t preparation  of 
technicians.

(b) An ov era ll norm ative approach to the developm ent of fa c ilit ie s  
fo r  technicians cou rses  would be undesirable and im practicab le . 
T h ere fore  m ore  detailed consultation  with industry should be 
held fo r  determ ining the volum e o f fa c ilit ie s  requ ired  in each 
specia lity  and this can be done only a fter the sp ecia lit ie s  have 
been grouped.

(c) Im provem ent of the standards of educational preparation  of 
technicians by:

(i) ra is in g  the m inim um  qualification  fo r  adm ission  to tech n i
cian cou rses  to a pass in the H igher Secondary exam ination 
o r  its equivalent.

(ii) standardising the length of co u rse —3y ea rs  (+ 1 year term inal 
training). A lso  introducing sandwich pattern of education and 
training within the 3 y ea rs .

(iii) im proving the content o f syllabus o f the p rogram m e,

(iv) im proving the ca lib re  of teaching staff and fa c ilit ie s  in 
polytechnics.

(d) Im provem ent of the standards o f training by m aking m ore  firm  
arrangem ents with industry, p re fera b ly  by making the jparticipants 
la rgely  industry based and through m ore  system atic supervision  
from  the educational institutions. This would a lso  requ ire  that 
polytechnics be located  in the v ic in ity  of those industries they 
serve .



(e) Giving a status to the technician co u rse s  so as to d ivert the 
heavy bias which ex ists am ong : sch -Q ol-leavers fo r  degree  
cou rses  in engineering and technology.

(f) S im ilarly, giving con sideration  to the question o f w hich type
of institutions can o ffe r  these co u rse s  best, and what should be 
the identifying title given to these institutions.

17. The sp ecific  steps to be taken in these d irection s a re  d iscu ssed  
in the succeeding section s.

Specia lity  G rouping:

18. The study indicates that it is absolutely  n ecessa ry  to develop  
cou rses  fo r  technicians on narrow er sp ecia lit ie s  than the broad  branches 
of en gin eerin g /tech n ology  o ffered  in degree  lev e l institutions. But it 
would not be desirab le  to tran sfer enbloc the sp ecia lity  groupings fo r  
technician cou rses  as they exist in any given industrially  advanced 
country. As m entioned ea r lie r , this grouping la rg e ly  depends on variou s 
fa ctors  which are pecu liar to the country o r  industry con cern ed . M o r e 
over, because o f our short industrial h istory , we cannot a fford  to crea te  
too narrow  sp ecia lisa tion s in technician  co u rse s  which w ill resu lt in 
p rob lem s of m obility  fo r  narrow ly  trained technicians.

19. It is th ere fore  suggested  that sm a ll W orking G roups con s istin g  of 
rep resen tatives of industry and educational institutions be constituted  as 
soon  as p oss ib le  in the follow ing m a jor branches o f engineering and 
technology, which w ill determ ine the m anner of grouping o f the technician  
sp ecia lit ie s  fo r  their educational developm ent:

(a) m echanical engineering
(b) c iv il engineering
(c) e le c tr ic a l engineering
(d) ch em ica l and m atallu rgica l engineering

Each of these would obviously  cov er  m ore  than one industry and th ere fore  
the W orking G roups should have rep resen tatives from  atleast the m a jo r  
industries concerned . A lternatively, these Groups could  be set up with 
re fe re n ce  to m a jor branches of industry, such as F e r t il iz e r s , P etroleu m , 
Iron and Steel, M ach in e-tools , Textile, E le c tr ica l M achines and Power^ 
etc. , each Group, accord in g ly , coverin g  m ore  than one sp ecia lity  of



technician study. When these W orking Groups com plete their w ork, m ore  
W orking Groups in other m a jor branches m ay be added, such as in

(a) A gricu ltu re
(b) Mining
(c) M edicine and Public Health
(d) Other s e rv ic e s

20. The m ain w ork  o f these W orking Groups would be to identify the 
technician  sp ecia lities  fo r  educational developm ent, keeping in view:

(a) the stage of developm ent of the m a jor  branch o f engineering o r  
technology and of the sp ecia lity  in question.

(b) the need fo r  sp ecia lised  s e r v ic e s  in industry at the technician  lev e l 
on the one hand and the need to avoid p rob lem s o f m obility  if too 
narrow  specia lisa tion  is attem pted, con siderin g  the stage of d eve lop 
ment of Indian industry.

(c ) the fact that the entry qualification  fo r  the cou rse  w ill be Higher 
Secondary pass, and the cou rse  w ill be of 3 yea rs ’ duration, plus 
1 -y ear term inal training.

21. The issu es  to be con s id ered  by these W orking Groups m ay be 
illu stra ted  in the follow ing exam ples:

Exam ple 1. '

Within the broad  branch of m echan ica l engineering there are  a 
num ber of trades at one end as shown below :

Engineering T rades T ech n ician  Specia lity  Engineering B ranch

F itters
W elders (1) M achine shop M echanical
T urners technician  E ngineer
M achinists (2) Foundry
Pattern M akers techniciian
M oulders

9



It m ay be seen from  the above, the technician  who m ay be requ ired  to 
su p erv ise  w ork ers  in the above m entioned engineering trades, and 
translate the advice and instructions o f the p ro fe ss ion a l engineer m ay 
either be trained as a "m achine shop technician" o r  as a "foundry  
technician 0 £ a s  a "m achine sh op -cu m -fou n d ry  te ch n ic ia n ". The 
W orking Group w ill take into con sideration  the points m entioned in 
paragraph 20, above and recom m ended  appropriate techn ician  sp ecia lity  
or  sp ecia lities  to be developed.

Exam ple 2 .

In a m eta llu rg ica l p ro ce ss  industry w here the sk illed  w ork er  
positions a re  filled  by em ployees qualified  not in the engineering  trades, 

*^P®^^tional knowledge and sk ills , the m a jor branch o f engineering 
is M eta llurg ical E ngineering" as shown below .

10

Operative
Occupations

B low er O perator

Skip O perator 
Cast House Man
O. H. F urnace Man

R olling  M ill - 
O perator

Reheating F urnace 
O perator, etc.

Technicians
S pecia lities

EITHER

F errou s  M etallurgy 
Technician

N on -F errou s M eta
llu rgy  T ech n ician

OR

B ranch of 
E ngineering

M eta llu rg ica l
E ngineering

E xtractive M eta
llu rgy  T echnician

R olling  and Shaping 
M etallurgy Technician

Heating and Treatm ent 
M etallurgy T echnician

OR
B last F urnace T echnician
M elting Shop 
T echnician

R olling M ill 
Technician.



In the above branch o f engineering /techn ology , it m ay be seen  that there are  
atleast three w ays in which the technician sp ecia lities  can be arranged. It 
would be up to the W orking Group to determ ine which of the three (or other) 
a lternatives would be p re ferab le .

Exam ple 3

S im ilarly  within the branch o f C iv il Engineering, the technician  sp ecia lities  
may be determ ined as indicated below :

T rades T echnician  Specia lity  B ranch o f Engineering

B rick  Building C onstruction
L ayer Technician

R e in fo rce - R oads and Highways co n s -
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ment
binders

truction  T echnician  Engineering

B rid ges and Dams C on s
truction  Technician

C arpenter H ydraulics T echnician
Painters OR

P lum bers C onstruction  M achinery 
T echnician
R ein forcem en t and Shuttering 
T echnician
C on crete  Technician
W ater P roofin g  T ech n icians, etc.

22. It would a lso  seem  n ecessa ry  that these sp ecia lity  groupings be 
rev iew ed  p eriod ica lly , p re fera b ly  ev ery  five  years to determ ine whether 
a need has a risen  to develop n arrow er specia lisa tion  a n d /o r  fo r  rev isin g  
standards. In addition, it would be n ecessa ry  to a ssign  to a suitable agency 
the task o f locating  the em ergen ce  of new sp ecia lit ie s  at the a ll-India  (Govt, 
o f India) level, and to exam ine the developm ent plans o f both the public and 
private s e c to rs , with a view  to advising the con cern ed  authorities on the 
need fo r  developing training fa c ilit ie s  in new technician  sp ecia lities  o r  on 
en larging o r  reducing  fa c ilit ie s  fo r  existing sp ecia lit ie s . It m ight a lso  be 
n ecessa ry  to set up perm anent a d v isory  bodies in these m a jor branches of 
en g in eerin g /tech n ology , s im ila r  to the T rade C om m ittees set up fo r  the 
im plem entation o f the A pprenticeship  A ct, 1961, who w ill d iscu ss these 
p rob lem s and suggest solutions.



Volum e of F a c ilit ie s :

23. As d iscu ssed  e a r lie r  a sim ple  ov era ll en g in eer /tech n icia n  ratio  fo r  
the developm ent o f technician education /tra in ing fa c ilit ie s  would be u n d es ir 
able. This ratio w ill vary  from  industry to industry and on how the te ch n i
cian sp ecia lities  are grouped. It m ay a lso vary  over a p eriod  of tim e,

24. It is  th ere fore  recom m ended  that each one of the W orking Groups 
m entioned above a lso  goes into the question o f the cr ite r ia  fo r  a ssessm en t 
and volum e of demand fo r  technician training fa c ilit ie s  in each sp ecia lity .
F o r  exam ple, it would be fa ir ly  easy fo r  the M etallurgy Group to say what 
would be the ratios of B last F urnace Technicians Steel M elting T ech n i
cians R olling M ill T echnicians, in a total group of technicians fo r  the 
F e rrou s  M etallurgy Industry. The sam e would apply to the C iv il and other 
engineering branches.

25. Under the system  o f industry-education  link being p roposed  in this 
m em orandum  (para 47) the p oss ib ility  of over-p rod u ction  o f technicians w ill 
be m inim ised.

A dm ission  Q u alifica tion s:

26. At present, the m inim um  qualification  fo r  adm ission  to the diplom a 
cou rses  in engineering is M atricu lation  or  equivalent and fo r  the 2 -y e a r  
technician cou rse , it is  H igher Secondary pass o r  equivalent. It is  seen  
that the adm ission  requirem ent fo r  degree co u rse s  in engineering is  a pass 
in Higher Secondary or  equivalent, and fo r  apprenticeship  in variou s trades 
under the A pprenticesh ip  A ct the m inim um  requ irem en t v a r ie s  betw een 
M atricu lation  pass and two c la ss  below  M atricu lation  depending on the 
trade. The question to be con s id ered  is w hether the adm ission  qualifications 
fo r  technician  cou rses  should be nearer to those requ ired  fo r  trade cou rses  
o r  those requ ired  fo r  degree  cou rses . The type o f manual sk illed  w ork ers  
requ ired  by industry are  to com e from  the A pprenticesh ip  p rogram m es and 
in du stry -based  op eratives ' training p rogram m es. Som e of these personnel, 
a fter yea rs  o f experien ce  and sp ecia l em ployee-d evelopm en t p rogram m es 
w ill grow  to higher positions which may be at the ’’ technician" lev e ls . The 
developm ent p ro ce ss  may be a ss is ted  by the o ffe r  of "o ff-d u ty -h o u r"  
co u rse s . But industry a lso  req u ires  p erson s who have a sound knowledge
of the fundam entals o f engineering or technology, who can organ ise  and plan 
the w ork  o f sk illed  w ork ers , and su perv ise  their w ork. A lso , industry 
requ ires  technicians who can a ss is t  p ro fess ion a l engineers o r  technologists 
in design, developm ent and planning activ ities  by taking ov er  som e o f their 
s im p ler  activ ities  and p erform in g  them under their gen era l guidance, with 
knowledge and understanding higher than those p osse sse d  by a draughtsman, 
tra ce r  o r  sk illed  w ork er. Both these types o f technicians req u ire  an educa
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tion a l preparation which is c lo s e r , in content and standards, to the degree 
co u r s e s . There has been a tendency throughout the w orld , as d iscu ssed  
in  Chapter III, to give the technician a sound knowledge o f  fundam entals 
a lon g  with grea ter s tress  on p ra ctica l w ork. M oreover, technologies 
involved  in technician  sp ecia lities  are  always in a state of transition, and 
lunless a sound developm ent o f fundam entals is attem pted in the technician  
education /tra in ing  p rogram m es, p rob lem s o f adaptation to changing te ch 
n o logy  w ill a r ise  during the w orking life  o f such personnel. Keeping these 
ttrends and requ irem ents in view , it is  p roposed  that the m inim um  a d m iss 
io n  qualification fo r  the technician co u rse s  be laid down as a pass in 
H igher Secondary exam ination o r  its equivalent.

27. The Education C om m ission  has recom m ended  a ten -yea r pattern 
o f  schooling su cceeded  by a period  of 2 -y e a rs  H igher Secondary education 
f o r  the whole o f India without any attem pt to introduce sp ecia lisa tion  during 
Ithe firs t  10 y ea rs . This recom m endation  is  at present under study in the 
M in istry  o f E ducation and by the State G overnm ents and future structuring 
o f  technician c o u r s e s — as a lso  o f p ro fe ss ion a l degree cou rses  in en g in eer
in g  and technology—w ill depend upon the d ec is ion  taken on this re co m m e n 
dation. In ca se  it is  decided  to introduce the 2 -y ea r  H igher Secondary 
co u rse , then the question  a r ise s  w hether to channel out the sch ool-ou ttu rn  
a fte r  the 10 y ea rs  into technician  co u rse s  and im part the higher content o f 
s c ie n ce , m athem atics and applied sc ie n ce  as a part o f a long technician  
co u r s e , o r  to ca rry  the school-outturn through a 2 -y e a r  H igher Secondary 
education  a fter  which they m ay be channelled into the technician  co u rse s .
It seem s, that the 2 -y e a r  H igher Secon dary  sch ooling  w ill have atleast 
th re e  stream s, and prov ided  the "tech n ica l"  stream  cu rricu lu m  is p r o 
p e r ly  designed, it would be  p re fera b le  to draw students fo r  the technician  
c o u r s e s  from  the outturn o f H igher S econ dary  sch oo ls . This w ill have 
s o m e  m ajor advantages. A  la rg e r  num ber o f students com pleting  10 years 
o f  schooling can take term in a l type co u rse s  in a va riety  o f voca tion a l and 
c o m m e r c ia l trades. But fo r  higher education, it w ould be p re fera b le  from  
Ithe m anpower angle, that the point o f d iv ers ion  from  the general educational 
s trea m  to sp ec ia lised  p ro fe ss io n a l education is extended upwards or p o s t 
p on ed  thereby, inter alia, reducing the p eriod  o f sp ec ia lised  educational 
p reparation ; this w ould facilita te  a c lo s e r  coord ination  betw een the outturn 
and  the demands o f the labour m arket as a lso  m ake available the advantages 
o f  m ore p re c is e  m anpow er p ro je ction s  fo r  a sh orter  p eriod . Secondly, the 
continuation o f the student-body through the 2 -y e a r  H igher Secondary s c h o o l
in g  would enable them  to e x e r c is e  a ch o ice  betw een the tech n olog ica l edu ca - 
ttion channels depending on their attainm ents and voca tion a l p re fe ren ces  that 
d evelop  during this 2 -y e a r  p eriod , ra th er than be lim ited  to a ch o ice  o f the 
ttechnician sp ec ia lit ie s  only. This is  quite im portant as this is the firs t
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stage w here the student is ex erc is in g  a ch o ice  regard ing the fie ld  of h is  
h igher education. F igure 1 g ives the channelling p ro ce ss  a fter  the lO -y esea r  
sch ooling  as envisaged in this M em orandum .

28. A com m ent seem s n e ce ssa ry  regard ing the sp ecia lisa tion  p ro ce sse s  
at the H igher Secondary stage. The 10-y ea r  school-outturn goes e ith er ininto 
term inal types of cou rses  o r  into higher education. The 2-y e a r  H igher 
Secondary cou rses  are  th ere fore  not term inal in ch aracter. It is understctood  
that the States which have introduced  "tech n ica l education" at the S econdaiary  
stage, are facing d ifficu lties  in regard  to the absorption  of the outturn im i 
industry. This prob lem  w ill ex ist i f  these cou rses  a re  treated to be teirn*mi- 
nal in ch aracter because the needs o f industry at this lev e l o f edu cation a l .1 
preparation  a re  quite d ifferent. The existing co u rse s  neither aim ed at 
developm ent o f manual sk ill requ ired  of a cra ftsm an  nor provided  the b r ’ojoad 
developm ent o f techn ica l knowledge required  o f a technician. The 2 -y e a ir r  
H igher Secondary cou rses  m ust th ere fore  be treated  as non -term inal 
cou rses .

29. If this is  accepted , then it is  suggested that too many stream s b e  
not introduced at the tiigher Secondary stage. The su b jects  o f study m a y  t 
be grouped in such a way as to provide three m a jor stream s as fo llow s:
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(a) G eneral Group
(b) S cien ce  Group
(c) T ech n ica l Group.

M oreover, just as ch o ice  o f one e lective  sub ject d ecid es the Science 
G rou p 's  channelling into the higher education stream  (b iology  fo r  m edicail 1 
education, p h ysics o r  ch em istry  fo r  engineering education, etc. ), s im i 
la r ly  ch o ice  o f one e lectiv e  su b ject in the T ech n ica l Group should d e te r 
m ine the further channelling (w orkshop p ra ctice  fo r  degree  and techniciaina 
cou rses  in engineering, cu ltivation  and horticu lture  fo r  degree and technii-i- 
cian  cou rses  in agricu ltu re, etc. ). This leads to the advantage o f n a r r o w v -  
ing down the ch o ice  con s id erab ly  com pared  with,as many as seven  strea im as 
now o ffered  in certa in  states so  much so that H igher Secondary cou rses  
could a lso  b ecom e  part o f institutions o f higher o r  technician  education..

30. The G en eral Group would have the norm al su b jects  in the humani tides 
and com m erce  groups. The S cien ce  Group would have the norm al g e n e ra l 1 
sc ie n ce  su b jects  and m athem atics. The T ech n ica l Group would a lso  h a ve  
gen era l sc ien ce  and m athem atics su b jects , but there would be an elem en t ( o f 
manual w ork  and introduction to applied sc ien ce , engineering and technolopgy. 
The outturn o f the tech n ica l" stream  could go in fo r  d egree  engineering,/ 
tech n olog ica l co u rse s  prov ided  they have attained a certa in  m inim um p r o f f ic i -  
ency in se lected  su b jects , such  as in m athem atics and sc ien ce  fo r  e n g in e e s r - 
ing degree co u rse s .
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31. W hile suggesting that the entry qualifications fo r  technician  
cou rses  be Higher Secondary exam ination pass o r  equivalent (irresp ectiv e  
of whether it is  going to be a 2 -y e a r  period  o r  le ss ), it is  to be re m e m 
bered  that the sam e qualifications apply to entrance into co lle g e s  of 
engineering and m edicine, etc. , fo r  degree co u rse s . The only d istinction  
that is p roposed  to be m ade is  that there should be no cr ite r ia  fo r  a d m iss 
ion  into technician  co u rses  w hich sp ecifie s  a m inim um  "d iv is io n ” o r  "grade ' 
in the h igher secon dary  exam ination. In its p lace, it is recom m en d ed  that 
a functional test by introduced as a qualifying test fo r  entry into technician 
co u rse s . This functional test should be s p e c ifica lly  developed  and tested  
ov er  a p eriod  o f tim e regard ing its corre la tion  with technician  p erform an ce .

32. W hereas the p re -em p loym en t preparation  o f a technician  through 
technician  cou rses  recom m en d ed  in  this docum ent is  m eant fo r  those who 
w ill enter industry as technicians, there would s t ill be room  within industry 
fo r  the upgrading of sk illed  w ork ers  into technician  ranks. M ost o f the 
sk illed  w ork ers  would have knowledge and sk ills  in a sp ec ified  trade o r  
operative  occupation. In these c ircu m sta n ces , it would be n e ce ssa ry  to 
develop at a future date co u rse s  fo r  such w ork ers  to en large their know 
ledge in the b roa d er technician  sp ecia lit ie s  so  that they can fu lfil their 
functions as technicians. F o r  such sk illed  w ork ers , the question  o f a 
m inim um  entrance lev e l o f gen era l education, e . g . ,  the H igher Secondary 
leve l, w ill not apply but their upgrading education and training w ould in tro 
duce the functional item s o f gen era l education w hich are  requ ired  fo r  their 
p rop er  p erform an ce  as technician. This question is  further dealt with in 
paragraph 54 below :
Length o f C o u rse s ;

33. A s d iscu ssed  e a r lie r , we have at presen t both the tw o -y ea r  and the 
th re e -y e a r  co u rses  fo r  technicians. It is  recom m en ded  that the length o f 
the technician p re -em p loym en t preparation  a fter higher secon da ry  be stan
dardised . It is  found that co u rse s  which a re  organ ised  in tech n ica l institu
tions in India (excepting the 2 -y e a r  technician  cou rse ) have a total tim e 
requirem ent o f 5, 000-8 , 000 hours. (See T able X in Chapter III). The 
USSR technicum  p rogram m e includes m ore  than 6, 000 hours. The 4 -y ea r  
sandwich cou rse  in m echan ical engineering organ ised  by  som e of the indus
tr ia l en terp rises  in Calcutta is  o f m ore  than 8, 000 hours. If a p rop er 
balance is  to be m aintained betw een the study o f fundam entals o f s c ie n ce  
and technology and the intensive training in a se lected  technician  specia lity , 
then it seem s d esira b le  to aim  at about 7, 000 hours fo r  both the institutional 
study as w e ll as industrial training fo r  future technician  co u rse s . This can. 
only be obtained through a 4 -y e a r  fu ll tim e p rogram m e o f training arranged 
on a sandwich pattern.
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It is thus proposed  that technician co u rse s  be organised  as a 4 -y ea r  p r o 
gra m m e after H igher Secondary o r  equivalent education fo r  those who have 
taken technical a n d /o r  sc ien ce  su b jects . Apart from  the d ifferent ob jective  
o f  these cou rses  and the em phasis in the program m e of studies on applied 
technology , the technician cou rses  w ill be distinguished from  the en g in eer
in g  degree cou rses  by the fact that, though both the co u rses  take students 
a t the p ost-h igh er secon dary  stage, the graduates of an engineering co lleg e  
w ould requ ire 5 years  o f institutional w ork  fo llow ed  by training in industry 
f o r  another one or two y ea rs , w hile a technician w ill requ ire  4 years  o f 
e(ducation and training in industry, suitably integrated into the program m e.

34. If it is  assum ed that during a 6 -m onth p eriod  o r  b lock s , the 
fo llow in g  number o f hours w ill be available in institutional and industrial 
p a r ts  oi tiie p rogram m e;

Institutional = ’ 22 W eeks x 36 hours = 792 hours
Industrial = 24 W eeks x (40-48 hrs = 960 hours

(at 40 hours per week),

thien the follow ing alternative patterns o f educational preparation  m ay be 
con s id ered ;

PATTERN  1
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C

ED
B locks 1 and 2;

B lock o ;

Point C 

B lock  4 

B lock  5 
B lock  6

B locks 7 and 8:

Institutional, with 1 day a w eek re lea se  to 
industry fo r  genera l in d u s tr^ l exposure.

Industrial Train ing in Industry or  related  
Institution fo r  ba sic  industrial sk ills  acquain 
tance.

E x e rc ise s  ch o ice  o f sp ecia lity .

Institutional, with initiation on specia lity .

Industrial Training, with initiation sp ecia lity .
Institutional, with em phasis on sp ecia lity .

Industrial Training, m ay be coupled  with 
em ploym ent; but 1 day a w eek re lea se  to 
Institution.
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PA TTERN  2

V ///A  - X/Z/ZA
B locks 1 and 3: Institutional, fo r  gen era l developm ent in

borad  branch o f engineering.

B locks 2 and 4; Industrial, fo r  genera l industrial exposu re 
and fo r  b a s ic  industrial sk ills  acquaintance.

Point C E x p e rc ise s  ch o ice  in the sp ecia lity .

B locks 5 and 7: Institutional, with initiation and subsequently
• " em phasis on the specia lity .

B locks 6 and 8: , Industrial, with initiative and subsequently
em phasis on the specia lity .

35. In both these patterns it is  seen  that the total institutional and 
industrial hours are  the sam e, am ounting to a total o f  7, 008 hours as 
fo llow s:

Institutional

Industrial

H ours 

3, 168 

3, 840

7. 008

36. The b a s ic  points to be taken into con sideration  in making a 
se lection  betw een these and other a lternatives are:

(a) Industry should be c lo s e ly  involved  in the p rogram m e. In 
Pattern  1, industry is  involved  during the 1st year, to the 
extent o f 1 -day  a w eek. In Pattern  2, in du stry 's  in v o lv e - ' 
m ent starts at the end o f the f ir s t  6 -m onths.



(b) F or  the engineering degree co u rse s , the fir s t  p eriod  is devoted to 
broad developm ent in a ll branches o f engineering (a/ m echan ical 
engineer gets acquainted with c iv i l  and e le c tr ic a l engineering as 
w ell b e fore  he e x e rc is e s  a ch o ice , if  he has not done it in itia lly ).
F or  technician cou rses , the f ir s t  p eriod  has to be devoted to 
broad developm ent in a ll sp ec ia lit ie s  within the broad  branch of 
engineering and technology (a m achineshop technician  gets 
acquainted with other sp ec ia lit ie s  within the m ech an ica l en g i
neering sp ecia lity , e .g .. I . e .  E ngines, foundry, tools  and dies, 
etc. and to a m inor extent with other branches o f  engineering 
which have a bearing  on his w ork ). The tim e m ade available
in the cou rse  should be su ffic ien t fo r  this developm ent.

(c) There should be adequate tim e m ade available both fo r  instruction , 
drawing and design, and fo r  p ra ctica l w ork  within the institutions 
and in industry so  that detailed tech n olog ica l knowledge and sk ills  
in the sp ecia lity  a re  developed in the students. This a lso  m eans 
that the p eriod  when the ch o ice  o f the sp ecia lity  has to be e x e rc is e d  
cannot be d e ferred  too long tow ards the la ter half o f the 3 o r  4 -year 
period .

(d) It would be p re fera b le  not to think o f d ifferent lengths o f co u rse s  
fo r  d ifferent technician  sp ec ia lit ie s  at present as sh orter  cou rses  
m ay resu lt in n arrow er sp ecia lisa tion  with p oss ib le  resu lting 
prob lem s of m obility . In developing the cu rricu lu m , w h erever a 
certa in  grouping o f su b jects leads to a sh orter  total length of 
cou rse  fo r  the sp ecia lity , it  w ould be p re fera b le  to en large the 
covera ge  o f the sp ecia lity  and reta in  a standard 4 -y e a r  p rogram m e 
fo r  a ll technician  sp ecia lit ie s .

37. It is  th ere fore  suggested  that a few  p ilot sy llabu ses in com p lete ly  
un related  fie ld s be developed  to find out w hether fou r term s in the institution 
w ou ld  enable the attainment o f these o b je ct iv es  o r  cou ld  the p eriod  be 
red u ced . In addition, further consultations be held with industry to find out 
w h ich  pattern would be m ore  accep tab le  to them .

38. It m ay be noted that a ccord in g  to Pattern  1 the student/tra inee 
le a v e s  the institution by  the end o f the th ird  year, w h ereas in Pattern 2, 
h e  lea ves  at the end o f 3|̂  y e a rs . The B oard  fo r  exam ination o f the student 
miay be com p osed  of experts drawn from  both the institution and industry. 
B oth  these patterns would in volve ad m ission s at 6 -m onth ly  in tervals.
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Syllabus Content of the P rog ra m m es :

39. Since adm ission  to technician  cou rses  would be from  the lev e l of 
the H igher Secondary students, the cu rr icu la r  content w ould be reduced  
to the extent sc ien ce , m athem atics and applied sc ien ce  su b jects are  
cov ered  in the H igher Secondary cou rses  beyond the 10-y e a r  sch ooling  
p eriod . The cu rricu lu m  content o f technicians cou rses  should aim  at 
the technician, on com pletion  o f h is program m e o f education and tra in 
ing, going on to a job  in industry with the least amount o f further tra in 
ing in industry. F o r  this purpose, he should have adequate knowledge 
o f the chosen  fie ld  o f technology, an acquaintance with the manual sk ills  
involved in that particu lar sp ecia lity , and knowledge and sk ills  in the 
su p erv isory  resp on sib ilit ie s  o f a technician. The theory  side o f te ch 
n o log ica l knowledge to be im parted  in the program m e should be broad  
based enough so  that as and when technology changes in that sp ecia lity ,
he could adapt h im se lf quick ly either through “ ow n -tim e" reading or  through 
short sp ec ia lised  reorien tation  cou rses . On the other hand, his knowledge 
and understanding o f technology in his sp ecia lity  should be deep enough so 
that he can be rea lly  usefu l to industry and guide the sk illed  w ork ers  under 
him , in that area  of specia lity .

40. The cou rse  w ill, th ere fore , have to have a p rop er  balance between 
theory  and p ra ctice . This can be achieved by a sandwich pattern o f educa
tion and training which would bring him c lo s e  to p ra ctice s  in industry.

41. Table X  in Chapter III g ives a com parative p ictu re  o f the c u r r i 
cula content of technician cou rses  in India and in se lected  coun 
tr ie s  abroad. It w ill be seen  from  this com p arison  that the total 
num ber of hours u tilised  fo r  technician program m es v a r ie s  between
1, 500 hours and 8, 000 hou rs. This variation  a r ises  la rg e ly  from  the 
length o f the co u rse s . In the Indian pattern, the th re e -y e a r  diplom a 
cou rse  has about 2, 300 hours of instruction  and 5, 500 hours o f tra in 
ing out o f which about 4, 400 hours are not actually taken up fo r  tra in 
ing as com m ented upon e a r lie r . On the other hand, the sandwich 
cou rses  in India have about 2, 000 hours o f instruction  and 6, 000 hours 
o f training which shows a v ery  heavy bias o f p ra ctica l training and 
le s s  attention to th eoretica l developm ent. A s against these patterns 
in India, it is seen  that the technicum s in the USSR prov ide  fo r  about
4, 000 hours o f instruction  and 2, 4,00 hours o f training. In the Schools 
of E ngineering in G erm any, w here the students are adm itted a fter
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an extensive p eriod  of apprenticeship  in industry, there are  4, 500 
instructional hours.

42. In Indian conditions, w here m ost students have not been exposed  
to an industrial environm ent, it would be n ecessa ry  to prov ide  som e tim e 
fo r  this exposure b e fore  they are involved in p ra ctica l w ork  in their area 
o f specia lity . This m eans that industrial training w ill occu py  an im p o r 
tant p lace and consum e m ore  tim e than in m ost technician  cou rses  in 
advanced countries. It would a lso  seem  advisable to develop a c u r r i 
culum  pattern which prov ides fo r  about 1, 000 hours of p ra ctica l w ork  in 
the se lected  sp ecia lity  fie ld  within the institution. The distribution  of 
total tim e am ong the variou s broad  subject and activ ity  areas m ay be as 
follows-.

% T im e d istribution
Institutional W ork 45-55%

C onsisting of:

(a) N on -specia lity  Subjects 30- 35%
(b) Speciality  Subjects 10- 15%
(c) Humanities and Super

v is ion  10%

Training 45-55%

C onsisting o f shop w ork  in the
Institution and training in industry
depending on fa c ilit ie s  developed ------- TmW---
in the institution. ------------ -—

43. A fter the W orking Groups suggested  in paragraph 19 have d e te r 
m ined the grouping of the technician  sp ecia lit ie s , it would be n ecessa ry  
to set up Syllabus C om m ittees fo r  each one of the sp ecia lit ie s . These 
com m ittees  should develop:

(a) detailed sy llabu ses fo r  each sp ecia lity ,

(b) a lis t  of equipm ent and physica l fa c ilit ie s  needed fo r  institutions 
providing technician  training in these sp ecia lit ie s .
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T eaching Staff:

44, B efore  a program m e o f rev is in g  the technician  co u rse s  is  in tro 
duced, it w ill be essen tia l to initiate teach er training p rogra m m es fo r  
such technician  co u rse s . The teach ers  fo r  these technician  co u rse s  
cannot be suitably drawn entirely  from  graduates in the broad  fie ld s  o f 
engineering f irs t ly  because the technicians sp ec ia lit ie s  a re  narrow  and 
th ere fore  their understanding o f these sp ec ia lit ie s  would have to be 
deeper. Secondly, instructions in each one o f the su b jects  w ill have to 
have a m uch grea ter  p ra ctica l orientation  than those prov ided  fo r  in 
d egree  cou rses . It might, th erefore , be n e ce ssa ry  in the f ir s t  p la ce  to 
make firm  arrangem ents with industry fo r  ensuring the s e rv ic e s  o f a 
few p ra ctis in g  engineers from  the industrial establishm ents to undertake 
teaching assignm ents. S im ultaneously steps m ay be taken to estab lish  
teach er training institutions o r  even su m m er co u rse s  fo r  ex isting  teach ers  
in technician training institutions in coop era tion  with industry and other 
organisations.

45, It would a lso  be n e ce ssa ry  to rev iew  the rem uneration  sy stem  
fo r  teach ers in these re v ise d  p rogram m es so  as to attract the b est talent 
o f the type needed fo r  technician  developm ent.

Train ing A rran gem en ts :

46, The p ra ctica l b ias to technician  co u rse s  is  to be im parted  through 
a p ra ctica l orientation  in the instruction , as w ell as through m ore  inten
sive , planned and sup erv ised  training p rogra m m es. A s a ll p h y sica l fa c i 
lit ie s  and equipment needed fo r  im parting training cannot obv iou sly  be 
m ade available in the technician  training institutions, arrangem ents w ill 
have to be m ade with industry fo r  these training p rogra m m es. T h ere fore , 
the cru x  o f the prob lem  o f training lie s  in  the type o f industry-in stitu tion  
co lla b ora tion  that can be developed.

47, In o rd e r  to develop  this relationsh ip  the fo llow in g  arrangem ents 
a re  recom m ended:

(a) A  m a jor  body o f students in technician  co u rse s  should be in d u s
try -sp o n so re d , i. e. , they should be recru ited  and p laced  by indus
try  in the institutions o r  recru ited  by the institutions with the 
advice  o f rep resen tatives  o f industry. W hile a m a jor body o f 
students should be so  p laced  by industry, there should a lso  be 
an additional group not sp on sored  by industry, but se le c te d  by the 
institution, to m eet the expanding requ irem en ts o f new industrail 
establishm ents. The p roportion  betw een attached and unattached 
students m ay be determ ined  on a 5 -y e a r ly  b a sis  fo r  each te ch n i
cian  sp ecia lity .
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(b) The d irect costs  o f developing and operating technician  training 
program m es should be borne by G overnm ent so that industry 
does not fee l that this is an additional burden being im posed  on 
it. T ill the period  when the student e x e rc is e s  a ch o ice  in the 
technician specia lity , no stipends may be paid (excepting m erit 
sch olarsh ip s a ris in g  from  resu lts o f previous exam inations,
o r  stipends to scheduled caste  students). Stipends at an agreed  
lev e l may be paid by industry, a fter the se lection  o f the tech n i
cian specia lity .

(c) R epresentatives from  industry should be associa ted  in the 
governing cou n cils  of each technician training institution. 
M oreover p erson s from  industry should be drawn to the in s ti
tutions fo r  im parting instructions, and instructional staff from  
these institutions should have a c ce s s  to industry to get a cqu 
ainted with p ra ctices  and developm ents.

(d) Training p rogram m es should be ca re fu lly  planned join tly  by 
industry and institution rep resen tatives , and c lo s e ly  su p er
v ised  and con tro lled . No training p eriod  should be a llotted  to 
uncontrolled  "tra in ing" o f the observation a l type. Even in 
su b jects w here observation a l training is  envisaged, it should 
involve a rep ort w riting by the student so  that he takes an 
in terest in his w ork  and this should p re fera b ly  be checked  in 
the industry.

(e) Som e shop fa c ilit ie s  w ill have to be established  within each 
technician training institution. T hese shops could  take up 
w ork  fo r  industry w hei/ever fa c ilit ie s  can be spared. In a 
num ber o f p ro ce ss  types o f technology, equipm ent and p r o 
duction fa c ilit ie s  cannot be duplicated in these institutions, 
but testing and la bora tory  fa c ilit ie s  could  be developed in 
these institutions. O ver and above training arrangem ents in 
industry, it is  suggested  that training arrangem ents could  be 
made in other organisations and institutions such as:

R esea rch  la b ora tor ies  
P ro to -typ e  fa cto r ie s  
Training shops in industry, etc.

(f) The head o f the institution should be se lected , keeping in 
view  that he has to play a key ro le  in developing this contact
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with industry. Thus he has to have a helpful attitude to industry, 
be able to develop  con fidence from  industry and be so c ia b le  in 
nature.

(g) These institutions should be located  in the v icin ity  o f industries 
they serve .

(h) It should be p oss ib le  to establish  technician training institutions 
in lo ca lit ie s  which do not have m anufacturing industry, by 
se lectin g  technician sp ecia lit ie s  in agricu ltu re, o r  a g ro -b a se d  
industries, o r  construction  industries (where training m ay be 
with P, W .D . or  R ural E ngineering O rganisations).

D iplom a o r  D egree:

48. At present there seem s to be a heavy bias am ong sch oo l leavers  
fo r  adm ission  to degree cou rses  in engineering and technology. Several 
recom m endations have been m ade e a r lie r  by various bodies to im prove  
the status given to the outturn of polytechnic institutions. W hereas the 
question o f im proving the status of the present type o f products o f p o ly 
technic institutions m ay continue to re ce iv e  attention, it is fe lt that 
with the p roposed  rev is ion  in the standards o f adm ission  and the c u r r i 
culum  content of the cou rses , it would seem  desirab le  to con s id er  a 
rev is ion  in the diplom a which is  given to these students.

49. S ir W illis  Jackson  had recom m ended  in a C on ference on 
Education and Training o f E ngineering Technicians in M arch 196 3 that 
corp ora te  m em bers o f p ro fess ion a l engineering institutions should 
d escr ib e  them selves as "chartered  engineers" and the designation 
"en g in eer" m ight then be utilised  fo r  the highly qualified  group, and

engineering technicians" serv in g  as the title fo r  the le ss  w e ll-qu a lified  
m em bers o f the technician body. Suggestions have been m ade in the 

‘ United States to designate engineering technicians as "app lication  
engineers o r  lia ison  en gin eers" o r  "te ch n o log ists" . In a rep ort o f 
the lAM R, it had been  suggested  e a r lie r  that the award on com pletion  
o f a technician cou rse  of an im proved  type should be given the status 
of an A ssoc ia te  D eg ree ". Other in form al suggestions from  tim e to 
tim e have re fe rre d  to the award as a "T ech n ician  D eg ree", "D ip lom a 
in T ech n ology", etc.

50. Since it is not being p roposed  that these co u rse s  be brought under 
the purview of u n iversities , it would th ere fore  be inappropriate to ca ll  
these awards as fu lfledged d egrees. The alternatives seem  to lie
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between "A ssoc ia te  D egree" o r  "H igher D iplom a" o r  "N ational T echnician  
D iplom a", or  even "D ip lom a" with suitable endorsem ents about the p e r io d / 
type of cou rses  com pleted . Any o f these term s if used should not be co n 
fusing in resp ect of other leve ls  o f tech n olog ica l qualifications. F or  
exam ple, the award given on com pletion  o f a period  of apprenticeship  under 
the A pprenticeship  A ct is term ed National A pprenticesh ip  C ertifica te .

Institutions fo r  T echnician  T rain ing:

51. Even though the rev ised  p rogram m es fo r  technician  training 
would provide for  a higher tech n olog ica l content, it is not suggested 
that these program m es be taken up in engineering co lle g e s  alongside 
degree cou rses . The question of com bining degree and diplom a in stitu 
tions has been d iscu ssed  in the past, and it does not seem  n ecessa ry  to 
reopen this question again. The term  "po ly tech n ic" has been used in 
m ost cases  fo r  institutions engaged in technician  education /train ing. It 
is suggested that this term  be continued. H ow ever, s in ce  there would 
be a period  o f dual ex istence fo r  p olytech n ics which m ay have changed 
over  to the new system  and those which m ay not have changed over, it
is suggested that som e form  o f nom enclature to distinguish between the 
two types during the transitional p eriod  be adopted. C onsideration  might 
a lso  be given to introducing a con v ers ion  cou rse  fo r  the products of 
existing polytechnics so  that they can take advantage o f the new technician 
cou rses , which would obviously  be introduced at se le cted  industrial cen tres

52. It would be n ecessa ry  to establish  national standards in regard  
to the quality of education and training to be provided  in this program m e 
just as has been done in the apprenticesh ip  p rogram m e. An inspection   ̂
m achinery as w ell as an exam ining body would a lso  be n ecessa ry  fo r  
this purpose.

53. In o rd er  to ca re fu lly  w ork  out the p rogram m e, it is  n ecessa ry  
to try out the schem e in the fie ld  by se lectin g  som e States o r  som e 
industries o r  som e lo ca lit ie s  w here there is an industrial concentration . 
The curricu lum  developm ent, p h ysica l fa c ilit ie s  requ ired , a ssessm en t 
system s, nature of co lla bora tion  with industry and other m atters can
be w orked out in detail, their im plem entation  w atched c lo s e ly  and m od i
fied  in the light o f experien ce  b e fo re  the p rogram m e is  genera lly  extended 
throughout the country.

.
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54, Just as p ro fess ion a l bodies, such as the Institution o f E ngineers, 
Institute of C hem ical E ngineers, Institute of M etals, etc. , have been set 
up, which have the resp on sib ility  fo r  conducting exam inations fo r  entry 
into a ssocia te  m em bership  and m em bership  status of p erson s not having 
p ro fe ss ion a l level qualifications in engineering and technology, it would
be n ecessa ry  to prom ote the establishm ent o f technician  a ssocia tion s  either 
as independent corp ora te  bod ies or  as subsid iary  bodies to the p ro fess ion a l 
institutions, which would ca ter  to the tech n olog ica l in terests  o f technician  
personnel. They would a lso  be the prom oting bodies fo r  the developm ent and 
standardisation o f p art-tim e  cou rses  fo r  the advancem ent o f cra ft  and trade 
personn el into technician ranks, and conduct exam inations fo r  the sam e. 
L ia ison  o f these corp ora te  or  su b -corp ora te  b od ies  with the cen tra l o rg a n i
sation at governm ent leve l w ill have to be m aintained so  that standards 
developed at national lev e l are  adopted fo r  exam inations conducted by 
these bodies fo r  the prom otion  of technician p ersonn el fo rm  cra ft lev e ls .

55. A fter the program m e o f im plem entation gets into its stride, it 
would be n ecessa ry  to review  the requ irem ents o f engineers with d egree  
qualifications as such as developm ent at polytechnic lev e l is  lik ely  to 
have a con siderab le  im pact on the em ploym ent pattern o f d egree  h old ers 
in engineering in rela tion  to the outturn of m iddle lev e l technicians fo r  
industry.
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CH APTER II 

THE MIDDLE LE V E L TECHNICIAN IN INDUSTRY 

Definitions and R ole of a Technician:

56. The ob ject o f this enquiry into technician  naanpower requirem ents 
in  industry is to provide certa in  gu id e -lin es  fo r  p o licy  m akers in regard  
to  establishm ent o f fa c ilit ie s  fo r  their education, training and d evelop 
m ent. The enquiry obviously  co v e rs  the qualitative angle as w e ll as 
the quantitative angle. In exam ining the qualitative asp ects , one is  drawn 
into such questions as the definition o f a technician, the ro le  that he plays 
in an industrial undertaking and the p aram eters o f his tasks and re sp o n s i
b ilities , and fina lly  his educational and experien ce  preparation . The last 
m entioned item  w ill be exam ined and d iscu ssed  in detail in Chapter III. In 
exam ining the quantitative aspects, it is to be recogn ised  that there a re  two 
b a s ic  param eters along with other m in or ones. The f ir s t  is the tech n ician / 
engineer ratio in industry and the secon d  is  the en g in eer /la b ou r fo r ce  ratio . 
The second parameter^ obviously , has a strong influence on the tech n ician / 
engineer ratio  as a re la tive ly  high concentration  o f engineers in the labour 
fo r c e  as a whole or in individual industries o r  undertakings, is  lik e ly  to 
resu lt in a re la tive ly  low tech n ician /en g in eer ratio  unless deliberate  attem pts 
have been made to keep the latter ratio  high.

Who is a Technician:

57. P re lim in ary  to exam ining other qualitative and quantitative 
cr ite r ia , it is n ecessa ry  to exam ine "w ho is a technician" in industry. 
A  detailed study o f this su b ject revea ls  a w ide variety  of definitions: 
som e have defined it in term s of job  titles, som e on the basis  o f job  
requirem ents, and duties, resp on sib ilit ie s  a n d /o r  functions, som e on 
the basis of p lace he occu p ies  in the total job  h ierarch y , and others
on the basis o f educational lev e ls .

58. A  definition based  on his status in the em ploym ent h ierarch y  
is  to be found in a part o f a defin ition  given in an UNESCO/ILO pam 
phlet on T ech n ica l and V ocational Education and Training;

The term  "tech n ician " applies to p erson s w orking in occupations 
requiring knowledge o f technology and re la tive  s c ien ces  betw een 
that o f a sk illed  w ork er and en g in eer /tech n olog ist.
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59. A  definition based  on job -req u irem en ts , duties, resp on sib ilities  
and functions m ay be found in the one adopted at a C on feren ce  o f R ep resen 
tatives from  the E ngineering S ocieties  o f W estern  E urope and the United 
States (1953):

An engineering technician is one who can apply in a resp on sib le  
m anner proven techniques which a re  com m only  understood by 
those who are  expert in a branch o f engineering, o r  those te ch 
niques sp ecia lly  presented  by p ro fe ss ion a l engineers. Under 
general p ro fess ion a l engineering d irection , o r  follow ing established  
engineering techniques, he is  capable o f ca rry in g  out duties which 
m ay be found am ong the lis t  of exam ples set out below .

In ca rry in g  out many of these duties, com petent su p erv is ion  o f 
the w ork  o f sk illed  cra ftsm an  w ill be n ecessa ry . The techniques 
em ployed demand acqu ired  exp erien ce  and knowledge o f a p a rti
cu lar branch o f engineering, com bined  with the ability  to w ork  
out the details o f a task in the light o f w e ll-esta b lish ed  p ra ctice .
An engineering technician requ ires  an education and training 
su fficien t to enable him to understand the reason s fo r  and p u r
p oses of the operations fo r  which he is  resp on sib le . The follow ing 
duties a re  typica l o f those ca rr ie d  out by engineering technicians;

W orking on design  and developm ent o f engineering plant and stru c 
tures; erectin g  and com m ission in g  o f engineering equipm ent and 
stru ctu res; engineering drawing; estim ating, inspecting, and 
testing engineering construction  and equipm ent; use of surveying 
instrum ents; operating, m aintaining and rep a irin g  engineering 
m achinery, plant and engineering s e r v ic e s  and locating  defects  
therein ; a ctiv ities  connected  with re se a rch  and developm ent, test
ing o f m ateria ls  and com ponents, and sa les engineering, s e r 
v icin g  equipment, and advising con su m ers .

60. A  definition w hich ' in corp orates  educational attainm ents m ay be 
found in the one adopted fo r  U. K. in the Survey of Q ualified  Scientists, 
E ngineers and T ech nolog ists and Technicians and other T ech n ica l 
Supporting Staff (1965)’!':

Technicians and other technical supporting sta ff occu py  a p o s i 
tion betw een that o f the qualified scien tist, engineer o r  tech n o-

* R eport on the 1965 T riennial M anpower Survey o f E ngineers. T e ch 
n olog ists , Scientists and T ech n ica l Supporting S ta ff. Cmnd 3103. 
HMSO. London, page 48.
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leg ist on the one hand, and the sk illed  forem an  or cra ftsm an  or 
operative on the other. T h eir education and sp ecia lised  sk ills 
enable them to e x e rc is e  technica l judgem ent. By this is meant 
an understanding by re fe ren ce  to general p rin cip les , o f the 
reasons fo r  and the purposes of their w ork, rather than a 
re lian ce  so le ly  on established p ra ctice s  o r  accum ulated sk ills .

61. A sim ilar, but m ore  d escrip tive  o f the lev e l o f attainment and 
cu rricu la  content m ay be found in F inal R eport o f the Evaluation o f T e ch 
n ica l Institute Education conducted by the A m erica n  S ociety  fo r  E ngin
eerin g  Education (196 2)'!'=i

Engineering technology is con cern ed  p r im a rily  with the ap p lica 
tion of established scien tific  and engineering knowledge and m ethods 
N orm ally  engineering technology is not con cern ed  with the d eve lop 
ment of new p rin cip les  and m ethods.

T ech n ica l sk ills  such as drafting are ch a ra cte r is tic  of engineering 
technology. E ngineers graduated from  sc ien tifica lly  oriented  
curricu la , (See ASEE R eport on the Evaluation o f Engineering 
Education), m ay be expected  to have acqu ired  le s s  o f these 
sk ills  than p rev iou sly  and the engineering technician  w ill be 
expected  to supply them.

'The E ngineers' C ouncil fo r  P ro fe ss ion a l D evelopm ent (ECPD), adopting 
Ithe recom m endations in the above final R eport rev ised  their statem ent 
(of ob jectives  and P roced u re  fo r  accred ita tion  o f engineering technology 
p rog ra m m es . The follow ing definition appears in that statem ent**:

An engineering technician is one w hose education and experien ce  
qualify him to w ork  in those areas o f engineering which requ ire  
the application  of established sc ien tific  and engineering knowledge 
and m ethods, com bined with techn ica l sk ills , in the support o f 
engineering o r  sc ien tific  a ctiv ities  toward the accom plishm ent of 
engineering ob jectiv es .

* F inal R eport o f the Evaluation o f T ech n ica l Institute Education, 
A m erican  S ociety  o f E ngineering Education, 1962, page 12.

** 31st Annual R eport. E ngineers ' C ouncil fo r  P ro fe ss ion a l D evelop 
ment, New Y ork , 1964.
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. . . If the term  'engineering  technician ’ is re s tr ic te d  in its application 
to the upper portion  o f the range between the cra ftsm an  and the 
engineer, con siderab le  future con fusion  can be avoided.

D iversity  of D efin itions:

62. It m ay be seen from  the above that there is no single un iversa lly  
accepted  descrip tion  o f the ro le  o f the m iddle lev e l m anpow er at the tech 
nician leve l. One fact em erges, is that the d ifferentiation  o f engineers 
(or  technologists) on one hand with technicians on the other is not a 
sim ple m atter. Secondly, the further study o f quantitative requ irem ents 
o f technicians and p articu la rly  the en g in eer /tech n icia n  ratio  w ill depend 
la rg e ly  on the definition or  definitions used. If these p erson s a re  identi
fied  on the basis  o f educational le v e ls — an engineer is  a degree holder 
and a technician is a diplom a holder in Indian con d ition s— the m ethod 

flounders on those situations w here a d egree  hold er is u n der-u tilised  and 
fi l ls  the ro le  o f a technician  o r  w here a diplom a h older actually  p erform s 
the ro le  o f engineer. F urther com p lica tion  a rises from  the ex isten ce  o f 
engineering "p r a c t ic a ls " , who have neither degree o r  diplom a q u a lifica 
tions, and w here such p erson n el are  c la ss ifie d  as a separate ca tegory  or 
in one of the two ca teg ories . The only rational answ er can p oss ib ly  be 
derived  from  a study of job  d escrip tion s. The Institute has designed a 
study on the Educational Content o f E ngineering Jobs to be taken up on
a pilot basis , but such studies a re  tim e and re so u rce  consum ing, and a 
solution  to the existing p rob lem s of technician  m anpow er in India cannot 
wait t ill the com pletion  o f such studies, though their resu lts , when 
available, m ay help in refin ing the action  taken o r  p o lic ie s  a lready  
determ ined.

Com m on Feature in D efin itions:

63. Severa l con clu sion s how ever em erge  from  the above study o f 
definitions. In the fir s t  p lace  it is to be understood that the total 
content of engineering o r  tech n olog ica l tasks and resp on sib ilit ie s  in 
an undertaking m ay be divided am ong d ifferent ca teg ories  and leve ls  
o f personn el in a variety  o f w ays. If we distinguish between tasks 
requiring m anipulative sk ills  and those requ iring  engineering m ental 
sk ills, then the graded spectrum  m ay fo llow  the pattern indicated
at page 31 as between a sk illed  w orker, a technician  and an engineer.
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Manipulative 
cra ft  sk ill ’ s

31

land
(shopw ork)

E ngineering i Mental 
Skills (applicatiion of 

m athem atics, sc ien ce  and tech -
"oiogy)______ I_______________

sk illed
w orker t -technician. engineer

T h is  grouping can be further subdivided to distinguish between skilled  
aind h igh ly-sk illed  w orkers, between technician and laboratory  assistants, 
betw een  engineering specialists* and p ro fess ion a l engineers. But it w ill 
b e  evident that the contents of the tasks w ill vary  depending on w here the 
d iv id ing lines are placed. The location  of these dem arcating lines depends 
o n  certa in  traditions in the country and industry concerned , the pattern of
i.ndustrial production and other form s of industrial activity, the stage of 
s c ie n t ific  and technologica l developm ent of the specia lity , and severa l 
o th er  factors .

64. Secondly, there are severa l com m on  features in these definitions. 
T h ey  are as fo llow s:

(a) A technician, in term s of knowledge and sk ills , is in bet'Areen 
a sk illed  w orker on the one hand and the en gin eer /tech n olog ist 
on the other. He is not how ever an extension of the skilled 
w orker in term s of his sk ills , nor a diluted v ers ion  of a p r o 
fession a l engineer. He has a distinct p lace and ro le .

(b) The technician^ position  req u ires  that by virtue o f his educa
tion, training and experience, he understands, the details of 
technologica l ’ ’ knowhow" as la id  down by the profession a l 
engineer, and translates the sam e into action  as technologica l

do-how  and com m unicates to the sk illed  w orker.

C h a ra cter istics  of Technician Em ploym ent:

65. The purpose of studying em ploym ent ch a ra cte r is tics , p a rti- 
ciu larly the eng in eer/tech n ician  ratio and en g in eer /w ork force  ratio, is 
t o  facilita te  the quantitative analysis o f requ irem ents of technicians. 
However, the m ain purpose fo r  which the en g in eer/tech n ician  ratio is 
o ften  d iscussed, is to assu re  that the engineer is not required  by a



shortage o f supporting p ersonn el to d ivert his attention from  duties requ irin g  
the fu ll m easure o f his ability  to tasks which could as ea sily  be p er fo rm e d  
by person s with le ss  education. This con cern  is ex p ressed  in o rd e r  to avoid  
making en g in eerin g /tech n olog ica l education, top heavy.
C ategories o f T echnicians:

66. A s  d iscu ssed  ea r lie r , the p oss ib ility  o f studying this pattern o f 
em ploym ent is beset with many p rob lem s. The f ir s t  of this is the d e fin i
tion as to his level. The second  as to the ca teg ories  to be included, fo r  
exam ple should it include engineering technicians,, r e se a rch  la b ora tory  
technicians, industrial labora tory  technicians, draughtsm en, su rveyors , 
and sc ien ce  technicians. D raftsm en and Surveyors could  a lso  be lum ped , 
with engineering technicians, but p ra ct ice s  vary  in this reg a rd  fro m  
country to country.

The Im portance o f the T ech n ician /E n gin eer R atio :
67. Studies of engineering and technician  m anpow er in developed  coun

tr ies  re v e a l that the ra tio  o f technicians to engineers is  an im portant issu e  
fo r  them as w ell. In his study o f p ro fess ion a l m anpow er in the USSR, 
l^icholas Ide Witt stated that in 1928 the R ussians hadusedy com p arison s 
between R ussia  and G erm an industries to decide that "a  ra tio  o f one p r o 
fess ion a l engineer to two o r  three se m i-p ro fe ss io n a l technicians should b e  
m aintained in Soviet la r g e -s c a le  industry” *. Data presented  in De W itt's 
study indicates that ra tio  o f technicians to engineers now is betw een 2. 5 
$nd 3.0 in m ost o f the broad  industrial groups in USSR.

Country V ariations:

68. The US E ngineering M anpower C om m ission , in its rep ort  (1962J) 
analysing the situation in the United States stated that '*it is estim ated  
that the desirab le  support fo r  each p ro fess ion a l techn ica l p erson  should 
be betw een oneandfour techn ica l a ides fo r  one p ro fess ion a l sc ien tis t  o r  
engineer engaged in sc ien tific  w ork . This variation  depends to a la rg e  
^extent upon the type o f w ork  involved and the experien ce  and status o f 
the individual scien tist, engineer, o r  technician. Y et recen t ev iden ce 
continues to show that the national ratio of technician to p ro fe ss ion a l 
engineer rem ains approxim ately  0. 7 to 1. o "* *  F igu res com p iled  by the 
U.S-. National S cience Foundation;^" show that the ratio  fo r  U .S . industry

* Education, M anpower and E con om ic Growth, H arbison  and M yers, 
M cG raw —H ill, . New Y ork , 1964, p. 86.

** Demand fo r  E ngineers, E ngineering M anpower C om m ission , 
it : S. A.,, 1962.

i# S cien tific  and T ech n ica l M anpower R esou rces  - 1962, National 
S cien ce  Foundation. 1964.
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is  0. 8 to 1. 0, which is v e ry  c lo s e  to the estim ate o f the Engineering 
Manpower C om m ission . In only a few industrial groups does the tech n ic ia n / 
engineer ratio  exceed  1. 0, and the highest ratio fo r  any group is  only 1. 3.

Variationsin M ajor S ecto rs  of Industry:

69. The em ploym ent of engineers and technicians spreads over sev era l 
secto rs  of the econom y, depending upon, am ong other things, the lev e l o f 
econom ic developm ent and the p r io r it ie s  assigned  to the p rogram m es of 
developm ent in each o f the se c to rs . _ . V ariations in the pattern o f engin
eering m anpower and in the tech n ician /en gin eer ratio, by the m a jor se c to rs  
o f industry, a re  given in Table I. The data available fo r  the USSR, India 
and United Kingdom  have been adjusted to provide a com p arison .

TA BLE  I

T ech n ician /E n gin eer Ratio, by S ectors  of Industry
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USSR (1959) India (1961) U .K . (1965)
S ecto rs  of 
Industry

Engin
eers

T e ch - R atio 
nicians o f C ol. 

(3 )to  
C o l (2)

Engin
ee rs

Tech
n ic i 
ans

R atio 
of C o l 
(6) to 
C o l

Engin- T e ch - R atio 
eers , n icians o f C o l 
Tech- (10) to 
n o lo - C ol.

(9)
Scien
tists

1 2 3 4 5 6 7 8 9 10

Mlining and 
industry 443 1,025 2 .4 19 19 1. 0 101.6 404. 1 4. 0

C onstruction 82 166 2. 0 10 9 0. 9 7. 2 46. 4 6 . 4

T ransport and
com m unication 68 212 3. 1 4 5 1. 3 4. 5 42. 9 9. 1

0)thers (teaching, 
resea rch  and 
se rv ices ) 449 242 0. 5 25 42 1. 7 97. 9 128. 5 1. 3

Total 1,042 1,645 1.6 58 75 1. 3 211. 2 621. 9 2. 9

Source: 1. Education and P ro fess ion a l E m ploym ent in the USSR, N icholas 
de Witt, National S cience Foundation. W ashington, 1961, Tables 
V I -C -5 . P at page 798 and V I-C -5 -S t»  at page 802.

2. Stocktaking o f E ngineering P erson n e l. Institute o f A pplied Manpower 
R esearch , 1963, Table 44 at p. 75.

3. R eport on the 1965 T rien n ia l M anpower Survey of E n gin eers, 
T ech n olog ists , Scientists and T ech n ica l Supporting Staff.

^m nrl HMSO T^ondon, 466, Table 4 at pages 56-57.



V ariation s within M anufacturing Industry:

70. That the ratio  does va ry  from  country to country and fro m  one 
stage o f econ om ic developm ent to another, is evident from  the above 
data. But m ore  interesting is  data relating to varia tion s from  one manu
facturing industry to another. Table II g ives the density o f em ploym ent 
o f engineers, technologists , scien tists , technicians and tech n ica l su p p or
ting staff in different m anufacturing industries, as p resented  in the UK 
196 5 Triennial M anpower Survey*. The last two colum ns o f the tech n ic ia n / 
engineer ratio  and en g in eer /sc ien tis t  ratio  have been added fo r  ou r p u r
p oses . It m ay be seen that there is a w ide varia tion  in the en g in eer / 
technician ratio as between industries. The average is  4. 1 and the 
variations are  between 1 to 6.

71. A  further analysis o f data from  four cou n tries to find out whether 
certa in  industrial groups con sisten tly  feature tech n icia n /en g in eer  ratios 
sign ificantly  higher o r  low er than the national average is p resen ted  in 
Table III. The analysis indicates that the tech n icia n /en g in eer ra tio
is m ost often con siderab ly  higher than the average in textiles , m ach inery  
o r  engineering, veh ic les , food  and drinks and light m anufacture. The 
m ost persuasive explanation fo r  these patterns is  that the industrial 
groups with the m ost com plex  technology would req u ire  a re la tiv e ly  
high num ber of p ro fess ion a l engineers and hence a low tech n ician /en gin eer 
ratio, w hereas groups with uncom plicated  technology  req u ire  a low er  
concentration  o f p ro fess ion a l people and a re  ch a ra cter ised  by a high 
tech n ician /en gin eer ratio . The ch em ica l industry and e le c tr ic a l equip 
ment industry con form  to the f ir s t  pattern; textiles and light m anu
facturing to the second. A nother p oss ib le  explanation m ay be that p r o 
ce ss  industries are n ow -a -d a ys  highly automated, thus requ iring  le s s  
technicians. But an attem pt to establish  a con sisten t theory  is  n u lli
fied  by the fact that the w ood and paper industries ev id en ce  a ra tio  
only slightly  higher than the average w hile heavy m ach in ery  industry, 
which suggests a m ore  com p lex  technology, has a ra tio  m uch h igher 
than the average. Another way of exam ining the con s isten cy  o f ra tio  
--------------------------------------------------------------- -______________________________________________

* R eport on the 1965 Triennial M anpower Survey of E n gin eers, 
Technologists. Scientists and T echnica l Supporting Stiaff,
Com m ittee on M anpower R esou rces  fo r  Science and T echnology, 
HMSO, Cmnd. 3103, p. 60.
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TABLE n
Density of employment of engineers, technologists and scientists, technicians and other 

technical supporting staff in U.K., by industry
M anufacturing industry

Industry of em ployer

1962 1965

Total
em ployees

(OOO’ s)

Engineers,
techno
logists

and
Scientists

(1)

%

Total
em ployees

(OOO’s)

Engineers
and

techno-
lojiists

(1)

%

Scientists
(1)

%

Engineers,
techno
logists
and

Scientists
(1)
0//o

T ech 
nicians

(1)

%

T ech n ician / 
Engineer 

Ratio 
Col (8)-f(7) 

%

Engineer/ 
Scientist 

Ratio 
Col (7 )4 (6 ) 

%

1 2 3 4 5 6 7 8 9 10

Food, drink and tobacco 724 0.4 714 0.2 0.4 0.6 1.8 3.0 0.5

Chemicals and allied industries 446 4.1 437 1.5 3.1 4.6 7.7 1,7 0.5

Excluding m ineral oil refining 416 3.9 410 1.3 3.0 4.2 7.6 1.7 0.4

M ineral o il refining 30 6.4 27 4.8 4.5 9.2 10.1 1.1 1.0

M etal manufacture 595 1.0 602 1.0 0.2 1.2 4.5 3.8 5,0

M echanical engineering 1,766 1.1 1,772 1.1 0.1 1.2 6.6 5.5 10.0

Electrical engineering & electronics 753 2.4 808 1.9 0.7 2.6 9 4 3.6 2.7

Electrical engineering 461 ... 478 1.6 0,3 1.9 7.5 4.0 5.3

Electronics 292 ... 330 2.4 1.2 3.6 12.2 3.4 2.0

V ehicles, etc. 953 1.2 948 1.1 0,1 1.2 7,1 5.9 10.1

of which-m otor vehicles 431 0.5 504 0,5 ... 0.6 3.6 6.0 • ••
A ircraft 287 2.5 254 2.2 0.5 2.7 16.2 6.0 4.4

Textiles clothing etc. 1,432 0.3 1,295 0.2 0.2 0,4 2.1 5.2 LO

of w hich-cotton, flax and man-m ade fibres 273 0.8 233 0.5 0.5 1.1 3.8 3.5 1.0

Other manufacturers 1.463 0.4 1,493 0.3 0.2 0.5 2.4 4.8 1.5

Total 8,133 1.1 8,070 0.8 0.4 1.2 4,9 4.1 2.0

(1) As a percentage o f total employees.
N ote . As “ techn icians”  cover all the technical staff supporting engineers, technologists and scientiets, the ratio in Col. (9) o f the T able is 

betw een all technicians (C ol, 8) and all qualified engineers, technologists and scientists (C ol, 7). worked out



TABLE III

Technician & Engineers in Broad Industrial Groups—4 Countries

E M P L O Y M E N T  FIGURES R A T I O S

Ireland (2) U.K. (3) U .S .A . (4) USSR (5) Technician/E ngineer Engineers/Labor Force

IN D U S T R IA L
SECTOR Engi

neers
T ech 
nicians

Labor
force

Engi
neers

T ech- Labor 
nicians force

Engi
neers

T ech 
nicians

Labor Engi- 
force neers

T ech
n ic
ians

Ldbor
force

Ire
land U K . U S.A. USSR I ' - j U.K. u S.A. USSR

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Food, drink, tobacco 114 142 9776 3773 12724 714000 10400 13900 22.5 63.0 1713 1.3 3.4 1.3 2.8 .0117 .006 N A ,0131

Textiles 30 157 6228 4619 27741 1295000 4100 3700 N A N A N A 5.2 6.0 0.9 N A .0048 .004 N A N A

Chem.. Paint 101 202 4743 17566 33749 437000 39200 43400 22.2 45.4 537 2.0 1.9 1.1 2.0 .0213 .046 N A .0413

Electrical equip. 13 36 1961 18071 76107 808000 112000 84900 11.1 23.1 252 2.8 4.2 0.8 2.1 .0066 .026 N A .0440

M achinery N A N A N A 18275 117549 1772000 64000 63400 N A N A N A N A 6.4 1.0 N A N A .012 N A N A

Cement, bricks, glass 
pottery 28 98 3065 N A N A N A 7500 4700 14.7 41.4 1007 3.5 N A 0.6 2.8 .0091 N A N A .0145

Fabrication metal pro
ducts 29 114 3388 6272 27138 602000 22700 24600

(Includes M achinery) 
158.9 390.3 5055 3.9 4.3 1.1 2.5 .0086 .012 N A .0314

Vehicles 6 20 1415 2254 18053 504000 20800 15900 N A N A N A 3.3 8.0 0.8 N A .0042 .005 NA N A

W ood, paper cork 21 52 2285 N A N A N A 8800 7600 15.4 44.4 2418 2.5 N A 0.9 2.9 .0092 N A N A .0064

Light manufacturing N A N A N A 6565 35799 1493000 6600 7200 17.0 132.9 2804 N A 5.5 1.1 7.8 N A .005 N A .0061

Notes . A . See A ppendix I Notes for definitions.
B. The figures for U .K. in this table are som ew hat different from  those in Table II, as adjustment has been made here for those engineers w ho are 

working in technician  positions i.e. Table II is an analysis o f engineers and technicians in em ploym ent by educational levels, and T able III 
is an analysis by positions in industry classified by fuctions.
N .A . — N ot available.



varia 'ions by industrial se cto r  is  given in Table IV. It is  lik e ly  that 
data of four cou n tries constitute too sm all a sam ple, but unfortunately 
v ery  few cou n tries have undertaken surveys indicating the position  
industry by industry.

TA BLE  IV

Deviation o f the T ech n ician /E n gin eer R atio in sev era l Industrial Groups 
from  the ov era ll Industrial Ratio - Data from  four Countries

Country Ireland U .K . U .S . U .S .S .R . Mean % o f Sam ple
--------------------------------------------------------------------------------------------- - Dev. o f D eviations
R atio-M fg. 2 .3  4 .7  0 .8  2 .5  Indus- in Same

_____________________________________________________ tr ia l D irection *
Industrial Group D eviation F rom  O vera ll T /E  Ratio Group

F ood , Drink, T o b a c c o -1 .0  -1 .3  + 0 .5  + 0 .3  -0 .4  50

Textiles + 2 .9  + 1 .3  + 0 .1  -  + 1 .4  100

C hem icals Paint -0 .3  -2 .8  + 0 .3  -0 .5  -0 .8  75

E lectr ica l Equipm ent + 0 .5  -0 .5  0 .0  -0 .4  -0 .1  67

M achinery + 1 .7  + 0 .2  + 1 .0  100

Cement, B r ick s
G lass, P ottery  + 1 .2  -0 .2  + 0 .3  + 0 .4  67

F abrication , M etal
Products + 1 .6  -0 .4  + 0 .3  0 .0  + 0 .4  67

V eh icles + 1 .0  + 3 .3  0 .0  + 1 .4  100

W ood, Paper, C ork  + 0 .2  + 0 .1  + 0 .4  0 .2  100

LightM anufact. +0 . 8 +0 . 3 +5 , 3 +3. 1 100

^  * Z ero  D eviations a re  not included in the ca lcu lation s of this colum n.

(See N otes in Appendix I).
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72. In Table II, the e n g in eer /sc ien tis t  ratio  does not show any re la 
tionship with the tech n ician /en g in eer ratio  a ccord in g  to the presen t 
pattern o f em ploym ent in the United Kingdom . One would have assum ed, 
that those industries which em ploy  a large num ber o f scien tists  com pared  
to engineers, w ould em ploy  a le s s e r  num ber of technicians, but this 
trend is  not d iscern ib le .

S ize o f E stablishm ent V ariation s:

73. A nother p oss ib le  cause o f variations in the tech n ician /en gin eer 
ratio m ay be the s ize  o f establishm ents. Data on engineers and technicians, 
by s ize  of establishm ent; obtained from  the U .K . 1965 Survey*, a re  
given in T able V . The la st colum n on tech n ician /en g in eer ra tio  has 
been added fo r  our p u rp oses. It is seen  that though the tech n icia n s/ 
w ork force  ra tio  con sisten tly  goes down with the reduction  in s ize  of 
establishm ent, the tech n ician /en g in eer ratio  con sisten tly  goes up with
the reduction  in s ize . This is  m ore  lik ely  to be the g lobal pattern 
and not con fined  to the United Kingdom  only.

V ariations due to Grouping o f S p e c ia lit ie s :

74. T here a lso  seem  to ex ist con siderab le  d ifferen ce  between cou n 
tr ies  in the m anner in w hich a broad  branch o f engineering or technology 
is divided into technician  sp ecia lit ie s . A  general exam ination o f the 
pattern o f d iv is ion  in USA and USSR o f the broad branch o f M echanical 
Engineering seem s to show the follow ing;

U .S .A .**

(Includes M echanical E ngineering,
A eron au tica l E ngineering and T extile  
E ngineering)_____________________________
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M echanical E ngineering T echnology 
M echan ical T ech n ology  
P rod u ction  and M achine D esign 
T o o l E ngineering T ech nology  
Gas E ngineering T ech nology  
D iese l -  Gas Turbine Technology  
Internal C om bustion Engineering 
A utom otive T ech nology

* Ib id .. p. 61.

** Technician D iplom as: ASEE, Journal o f E ngineering Education,
____Jlllv  -  Aimnnf 1 Oliiid.



TABLE V

Density of employment of engineers, technologists and scientists, technicians and other 
technical supporting staff in U.K. by size of establishment.

M anufacturing Industry

1962 1965
A'

Size o f  establishment Total
em ployees

(OOO’s)

Engineers) 
techno

logists and 
scientists 

(1)

T ota l
em ployees

(OOO’s)

Engineers
and

technologists
(1)

Scientists
(1)

Engineers 
techno

logists and 
scientists 

(1)

T echnicians
(1)

T  echnicians/Engineers 
etc R atio 

Col. (8 ) ( -7 )

1 2 3 4 5 6 7 8 9

500 or more em ployees 3.964 1.58 4,059 1.17 0.55 1.72 6.28 2.7

200 — 499 em ployees 1,472 0.79 1.485 0.63 0.26 0.89 4.04 4.5

100 — 199 employees 809 0.54 777 0.48 0.22 0.70 3.54 5.1

50 — 99 em ployees 1,146 0.44 1.085 0.37 0.20 0.57 3.23 5.7

11 — 49 em ployees 741 0.42 663 0.40 0.19 0.59 3.16 5.4

T ota l establishments w ith 11 or 
more em ployees 8,\33 1.07 8,070 0.83 0.39 1.22 4.94 4.0

(1) As a percentage of total Employee#. 

(See notes under Table II)



A ir-con d ition in g , heating and re fr ig era tion  
A ircon d ition in g  D esign T ech nology  
A eron au tica l Technology-
A eronautica l and A stronautica l E ngineering T ech n ology
A eron au tica l Drafting
A ircra ft  M aintenance
T extile  E ngineering Technology,

U.SoS.R. -

(Includes S pecia lity  Group 5;
M achine Building and Instrum ent 
C onstruction )_________________ "

T echnology of M achine Building, M etal-Cuttingv,/ T oo ls  
and Instrumental*

M achinery and Technology of C asting P ro ce s s  
M achinery and T ech nology  of P ro ce s s in g  M etals under 

P re ssu re
Equipm ent and T echnology of W elding P r o c e s s e s  
M echanical Equipment o f  F e rro u s  and N on -ferrou s Plant 
M ining M achinery
P eat M ining M achinery  |
M achinery and Equipment o f O il and Gas F ie ld s  
A gricu ltu ra l M achinery
L ifting, H oisting and T ransportation  M achinery and 

Equipment
C onstruction  and R oad Building M achinery
M achinery and Equipment
R ailw ay C ar Building r
A utom obiles and T ra cto rs
Ship Building and Ship R epair
P rin ting M achinery .
M ach inery  and Installations o f C hem ica l Industry
M ach inery  and Installations of F ood  Industry
M achinery  and Installations o f Light and T extile Industries
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* E ducation and P ro fe ss io n a l E m ploym ent in the USSR, N ational 
S cien ce  Foundation, USA (N icholas de Witt), pages 661-663 and 678



M achinery and Equipm ent fo r  T im ber Industry and F o re s try
B o ile r  C onstruction
Turbine C onstruction
Internal C om bustion Engines
Ship Engines and M echanism s
Ship P ow er Installations
L ocom otive  Building
D ynam ics and Strength o f  M achine D esign
H ydraulic Turbines and other H ydraulic M achinery
R efrigera tion  and C o m p re sso r  M achinery and Installations
O ptical Instrum ents
Instrum ents of P re c is io n  M echanics
G eodesy Instrum ents
C inem atographic Equipm ent
A ircra ft  C onstruction
A ircra ft  Engines and P rop u lsion  D evices 
A erodyn am ics and strength o f a ir -c r a ft s  
M echanical Equipment o f F light D ev ices 
T oo l and Die Engineering.

75. This com p arison  o f the technician  sp ecia lity  su b jects in one 
m a jo r  branch of engineering in two d ifferent coun tries, ind icates that 
a g lobal study m ay revea l m a jor d iffe ren ces . These d iffe ren ces  in 
technician  sp ecia lities  do no doubt have their e ffe ct  on the pattern of 
em ploym ent and on the tech n ician /en g in eer ratio , but what this d if fe r 
en ce  would be, is d ifficu lt to say without ca rry in g  the study much 
d eeper. It seem s that the U .S . pattern is  based  on tech n olog ica l su b 
je c t  d iv isions, but the USSR pattern is based  on industry d iv ision s.

76. The pattern of d iv ision  w ill a lso  have a bearing  on the type 
and pattern of em ploym ent in the country  o r  v ic e -v e r s a . F o r  exam ple, 
in  the fie ld  o f C iv il E ngineering, the technician  sp ec ia lit ie s  could be 
grouped depending upon whether p erson n el is  requ ired  fo r  irrigation , 
highway and bridge construction , buildings and {Dublic w ork s or  public 
health and sanitation s e rv ic e s . A ltern atively , the grouping could be 
b ased  on the a ctiv ities  o f technicians such as surveying and estim ating, 
su p erv is ion  of construction , quality con tro l o r  design and drawing. 
T hese groups would be d ifferent from  the group o f sp ec ia lit ie s  based  
on technologica l sub ject d iv ision s, v iz ., con crete  technology , a r c h i
tectu ra l design, technology o f so ils  and foundations, etc.
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V aria tion  in A ctivity G roups:

77o F ina lly  com e the d iffe ren ces  in the tech n ician /en gin eer ratio 
a ris in g  out of d iffe ren ces  in the type of a ctiv ities  or  s e c to rs  o f em ploy 
m ent o f technicians qualified  in the sam e branch of engineering. F or  
exam ple, in Germ any, it is  stated that 42 per cent o f technicians are 
em ployed in design w ork, 34 p er cent in the planning and preparation  of 
production  and only 10 p er  cent in production. The occupational d is 
tribution of technicians is not available in any great detail fo r  any country. 
H ow ever, an occupational survey* of the m eta llu rg ica l technicians g ra 
duated from  the M ilwaukee SchbDlof Engineering (USA) revea led  that as 
m any as 36. 7 p er  cent o f the technicians w ere  continuing education and 
21. 1 per cent w ere  engaged in re sea rch  w ork. P roduction  occupations 
accounted fo r  21.1  p er cent with another 9, 6 per cent in testing and 
m ateria l evaluation. On the other hand, a study o f the technician 
em ploym ent in an industry such as iron  and steel industry in India 
gave an en tire ly  d ifferent pattern*?!'.

Departm ents P er  cent
P roduction  and m aintenance 24. 7
Engineering s e r v ic e s  20. 3
D esign 3 .3
C onstruction  37. 9
O thers 13 .8
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100. 0

* E volution of a M echanical T ech nology  P rogram m e, Edwin A. 
M eier, T ech n ica l Education News, ^McGraw-Hill Book C o ., 
New Y ork , V ol. XKII No. 1, 1962.

E m ploym ent o f engineers and diplom a h olders under Hindustan 
Steel Ltd. , 1964.



Y et another pattern is indicated in the d istribution  of technicians in 
Denm ark* by their broad  occupational groups:

O ccupational fie ld  P ercen tage d istribution  o f
tech n ician s, 1959

L aboratory  technicians 45

Building construction
technicians 14

T ech n ica l draughtsm en 18

Other technicians 23
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100

78. It would have been m ore  than interesting  if  the above pattern 
cou ld  be com pared  with the em ploym ent of p ro fess ion a l engineers and 
the variations in the ratio  o f technicians to engineer studied by these 
activ ity  groups. But the data available fo r  the purpose are  ex trem ely  
lim ited  and incom plete. It m ay neverth eless be noted that there is
a c lo s e  relationsh ip  between the above pattern of technician  em ploym ent 
and the correspon d in g  educational preparation  o f the technicians, with 
particu lar re fe re n ce  to the inter se em phasis given in such preparation  
fo r  the sub ject content and applied training in the technician  sp ecia lity .

The Indian Structu re:

79. Inform ation is  available relating to the em ploym ent of m echan ical 
and e le c tr ic a l engineering p erson n el in India during 1964**. F o r  the 
w hole o f the econom y, the ov era ll ratio  o f diplom a h old ers  to degree

. * Ibid.  ̂ page 145.

** E m ploym ent o f M echanical and E le c tr ica l E ngineering M anpower in 
India. 1964. Institute o f A pplied  M anpower R esea rch , New Delhi, 
1965.



h o ld ers  in these two branches of engineering is  1. 2 (See Table VI)/  
w hile the ratio fo r  d ifferent industrial groups v a r ie s  betw een 0. 73 
andU.71. The two prob lem s m entioned e a r lie r  as constantly d is 
torting the p icture a lso  obtain here. The f ir s t  is  that diplom a h o l
ders may not be identica l with technicians nor degree h old ers .with 
p ro fess ion a l engineers. The secon d  is  that although the R eport 
id en tifies a la rg e  num ber o f engineering "p r a c t ic a ls " , it does not 
count them as e ither engineers o r  technicians despite the fact 
that many a re  em ployed  in h igher grade positions w h ere the duties 
a re  those of the engineer and not that o f the technician. What is 
needed is a study o f the engineer positions and technician  positions 
in a given industry rather than the qualification  o f en g in eerin g / 
tech n olog ica l p erson n el in position . If a ll p ra ctica ls  a re  counted 
with diplom a h old ers  as technicians, then the tech n ician /en gin eer 
ra tio  in d ifferent industrial s e c to rs  w ill range between 1, 7 and
3. 6 with the aggregate ratio  at 2. 2 as per ca lcu lations shown a lon g 
side. This m ethod does not account fo r  those d egree  holders 
w orking as technicians and those diplom a h old ers w orking as engineers. 
This situation w ill ex ist in every  country. The 1965 M anpower Survey 
o f E ngineers, Technicians,etc.^  in U. K. showed that about 11% of 
a ll qualified  engineers, technologists and scientidte w ere  em ployed 
in technician p ositions. The other a lternative is to count a ll en g in 
eerin g  personn el w orking in G rades V and VI as technicians,. This 
g ives an aggregate tech n icia n /en g in eer ratio  of 1. 1. The truth of 
the Indian situation in this fields assu red ly  m ust lie  between the 
two aggregate ratios of 1. 1 and 2. 2, but because the second  method 
is  p oss ib ly  c lo s e r  to the rea l situation, the ratio  is lik ely  to lie  
between 1. Sardl. 6. Though the situation is  not too d iscouraging, 
the d ifferen ce  with the average tech n icia n /en gin eer ratio as in d i
cated  fo r  U .K . ^^for exam ple, (See Table II), is  quite large.

80. W hile Census data may be too general fo r  this purpose, 
a sam ple drawn fo r  two d istr icts  - G reater Bom bay and Thana
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* R eport on 196 5 T rien n ia l M anpower Survey o f E ngineers, 
T ech n olog ists , Scientists, and T ech n ica l Supporting Staff, 
Gmnd. 3103, HMSO,'page ?8.



T A B L E  VI

Adjustm ent o f Data on E m ploym ent o f E ngineers and 
T ech n icians in India^V:*

A- C alculation  o f T ech n icia n /E n gin eer Ratio from  data as presented.

MEE degree  h o ld ers  -  a ll grades: 24, 834
MEE diplom a h old ers  - a ll grades:'^ 30, 668
Ratio diplom a h o ld e rs /d e g re e  h olders: 30, 668 /24 , 834 = 1 .2

B. C alculation  of T ech n icia n /E n gin eer Ratio, adjusted to include 
a ll E ngineering P ra ctica ls  as T ech nicians.

MEE p ra ctica ls  - a ll grades: 24, 167
MEE diplom a h o ld ers  - MEE p ra ctica ls : 54, 835
Ratio diplom a h old ers  - p ra c t ica ls /
degree holders: 54, 835/24 , 834 = 2 .2

C. C alculation  of T ech n icia n s /E n g in eer  Ratio, adjusted to c la ss ify  
a ll techn ica l person s em ployed  in G rades I to IV as engineers and 
a ll em ployed in G rades VahdVI as technicians.

1. E m ployees, G rades I to IV

45

MEE degree h o ld ers : 20, 297
MEE diplom a h old ers : 8, 674
MEE p ra ctica ls : 9, 119

T otal 38, 090

E m p loyees, G rades V and VI

MEE d egree  h o ld ers : 4, 537
MEE diplom a h old ers : 21, 994
MEE p ra ctica ls : 15. 048

Total 41 ,5 79

R atio T ech n ician s/E n gin eers: 41, 578/38, 090 = 1.1

* Data taken from  "D em and and Supply of E ngineering M anpower 
(1961-1975)", lAM R, New Delhi, 1965 and re la te  to m echanical 
and e le c tr ic a l engineering personn el.



(See Tables VII and VIII) shows rather a disturbing position  in a ll 
se c to rs  o f econ om ic  activity, including "M anufacturing". F o r  exam ple 
in the m anufacturing s e c to r  in G reater Bom bay, there w ere  2, 529 
technical p ersonn el below  degree  standard (Sr. No. 5) and 8, 684with 

technical d egrees. (Sr. No. 8). The sam e ratio  is seen  in other se c to rs  
of econ om ic activ ity  and a lso  in Thana d istrict. What how ever this m ay 
mean, is that there are  few co u rse s  at certifica te  and D iplom a lev e l 
in tech n olog ica l occupations and m ost personn el w orking in such posts 
are ,'fp ra ctica ls " . Ori^the other hand, degree cou rses  in engineering 
and technology a re  m ore  highly developed.

R ecom m ended R a tios :

81. Severa l authorities from  tim e to tim e have recom m ended  the 
adoption of certa in  tech n ician /en gin eer ratios as d esirab le . P r o fe s s o r  
H arbison o f P rin ceton  is representative  of those who contend that in 
developing coun tries "en g in eers  often outnumber technicians by as 
much as three to one although the desirab le  ratio  m ay w ell be one to 
t h r e e " T h e  C olom bo P lan Bureau rep ort on technician  training 
stated that "a  norm al staffing pyram id  fo r  many kinds of engineering 
w ork (is ) 5 technicians to each engineer"'!'* . In addressin g  the USAID 
Sem inar on P rob lem  of M anpower Planning, D evelopm ent, U tilisation, 
D istribution and A dm inistration , F . F le tch er  W ellem eyer stated that 
in the U ,S „, at present there are  only 7 technicians fo r  every  10 

engineers. O ccupational analysts fe e l that the p rop er ratio should be 
between 2:1 and 5:1. B ecause o f the in creasin g  sh orta ge  o f engineers, 
the demand fo r  technicians w ill su re ly  r is e " . C loser  to hom e the 
Engineering P erson n el C om m ittee (1956) had suggested|;. that the ratio  
should be at least in the neighbourhood of 1:3 and that sp ecia l e fforts  
requ ire  to be m ade in o rd er  to f i l l  the gap existing in India. A ccord in g

* Education, M anpower and E con om ic Growth, H arbison and M yers, 
M cG i'aw -H ilI,. New Y ork , 1964, p. 86.

R eport on Training F a c ilit ie s  at the T echnician  L evel in South 
and South East A s ia , C olom bo P lan Bureau, C olom bo, 1961, p. 19.

-- R eport o f the E ngineering P erson n el C om m ittee, Governm ent o f 
India, Planning C om m ission  (1956), p. 25.
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T A B LE  VII 

(Education and E m ploym ent)

E m ployed persons a ccord in g  to le v e l of education in non- 
agricu ltu ra l industry - G reater Bom bay (a ll urban)

47

SI. P erson s  0 and 1 2 and 3 4
No. A gri. L iv e - M anufac- C ons-

stock , F o r e -tu r in g  tru c - 
stry. M ining (in c lu - tion 
Q uarrying, d in gh ou - 
etc. (ex c lu - sehold  
d in g cu lti- industry) 
va tors and 
agricu ltu ra l 
labou rer)

6 7 5 ,8  and 9
Trade Trans- E le c t r i-  

and port, city . Gas, 
C om m -S tor- W ater 
e r ce  age supply,

and other
C om m u -serv ices  
n ication  and 

M isc. 
a ctiv i
ties

1. Illiterate 16,747 224829 25491 67768 6 ;4 7 9 148^03

2. L itera te 4,973 186,549 8,286 78,233 41,688 9^810

3. Upto M atric 2,670 194,094 6,481 94,594 44,134 87,290

4. M atric 541 62^28 2,998 48,664 34,521 54,264

5. T ech n ica l and 
below  degree 13 2,529 337 348 544 1,757

6. N on-tech . and 
below  degree 23 498 64 424 142 1674

7. U niversity  degree 
other than tech. 78 ^261 375 11,431 4908 20,132

8. T ech n ica l degree 86 8,684 874 2;345 1,844 1516 3

Data from  Census of India, 1961.

Table B. Ill in Census and T a b le -2 (h) in Bom bay Labour M arket 
Survey R eport.



TA BLE  VIII 

(E ducation and E m ploym ent)

E m ployed p erson s a ccord in g  to lev e l o f education  in >non- 
agricu ltu ra l industry-^hana Labour M arket A re a *
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SI. P erson s 
No.

0 and 1 2 and 3 
A gri. L iv e - M anufac- 
stock . F o r e -  turing 
stry . Mining, (includ- 
Q u arry in g , in gh ou - 
etc. (ex c lu - sehold  
d in gcu ltiva - industry) 
to rs  and agri
cu ltural 
labou rer)

4
C on s
true - 
tion

6
Trade
and
C om m 
e rce

7
T rans - 
port,

• S to r 
age 
and
C om m 
u n ica 
tion

5, 8, and 9 
E lectric ity ,, 
Gas, W ater 
supply, 
other s e r 
v ice s  and 
M isc. a c 
tiv ities

1. Illiterate ^948 i 9 ; i o 1,963 6^80 4^41 13P51

2. L itera te 1,182 14^86 586 6,789 ^268 5,699

3. Upto M atric 1,290 23^91 699 6^16 ^077 1Q989

4. M atric 145 ^931 277 2,739 6,023 8^01

5. T ech n ica l and 
below  degree 1 213 38 16 74 253

6. N on-tech . and 
below  degree — 22 - 9 7 514

7. U niversity  degree 
other than tech. 10 587 13 378 594 1,699

8. T ech n ica l d egree  7 716 28 67 124 1242>

* These figu res  a re  fo r  Urban areas in Thana D istr ict.

Data from  Census o f India Table B . Ill in Census and T able 2(i) 
in Bom bay Labour M arket Survey R eport.



to Sir W illis Jackson, * the optim um  num ber o f technicians fo r  every  
engineer in India could be la rg er  and not sm aller, than that in England 
o r  Germany, keeping in view  the fact that, fo r  som e tim e to com e, 
m ost of the developm ent activ ities  in India would be in the form  of in 
corporatin g  and applying the products o f technology developed in other 
countries. L. S. Chandrakant, of the M in istry  of Education, in a rep ort**  
on technical education, m ore  con servative ly  states that it is  generally
agreed  that the right proportion  o f engineers to technicians is 1 :2 ................
T o  this end, readjustm ent should be made delibera te ly  in the demand 
as w ell as the supply o f graduates and diplom a holders, and a proportion  
o f 1 to 2 should be aim ed at, by the end o f the Fifth P lan". The Education 
C om m ission ! has recom m ended the reach ing o f an ov era ll ratio  of 
engineers to technicians o f 1:2. 5 by  1975 and 1:3 o r  1:4 by  1986.

E ngineer/L abou r F o rce  Ratio:

82. S im ilarly , looking at the en g in eer /la b ou r fo r ce  ratio , G eorge 
P ayn e,4: rep orted  that "B r itish  industry has traditionally  leaned heavily  
on technician and craftsm an, of whom  it has m aintained a w ell-rou n d ed  
co rp s , the product o f an elaborate system  of apprentice training rather 
than form a l academ ic education". He illu stra tes this point with figu res :

In B ritain 0. 8% o f total em ploym ent by industry in 1966 w ere  scien tists  
and engineers; in US in 1954, 2. 7% w e r e " . C orrespon d in gly  we expect 
the tech n ician /en gin eer ratio  to be higher in UK than in USA. The 
in verse  relationsh ip  betw een the two ratios is supported by sta tistics  
in Sweden w h ere there are  1. 3 engineers fo r  every  100 m em bers o f 
the labour fo r c e  and only 0. 8 technicians p er engineer. In Ireland the 
low er en g in eer /la b ou r fo r c e  ratio  o f 0 .01  is paired  with a tech n ician /

* "D evelopm en t o f T ech n ica l Education in India— a b r ie f  rep ort on the 
d iscu ssion s  with S ir W illis  Jackson, held in the Planning C om m ission  
on January 19, 1966, Govt, of India, Planning C om m ission , pp. 2 -3 .

** Fourth F iv e -Y e a r  Plan of T ech n ica l E ducation— A Draft R eport,
L .S . Chandrakant, M in istry  of Education, New Delhi, Nov. 1965, p. 12.

t  R eport o f the Education C om m ission , (1964-66), Govt, of India, 
M in istry  o f Education, p. 373.

4; B rita in 's  Scientific and T ech n o log ica l M anpower, G eorge L. Payne, 
Stanford U niversity P re ss , Stanford, 1960, p. 65.
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engineer ratio o f 2. 5. These m ay be seen  in T able IX. The ca se  of 
USSR is not rea lly  an exception  even though both ratios are  high: 0. 017 
engineer per labour fo r c e  and 2. 5 technicians per engineer. The USSR 
d irected  its p o licy  to m aking both ra tios  high. H ow ever, Denm ark 
with an en g in eer /la b ou r fo r c e  ratio  o f only 0. 008 and a tech n ician / 
engineer ratio o f only 0. 7, suggests that gen era lisation  is  s t ill difficult 
and that use o f two p aram eters is  no m ore  sc ien tific  than the use of 
one. A  seriou s reserva tion  about gen era lis in g  on the basis  o f the 
tech n ician /en gin eer ratio  and the en g in eer /la b ou r fo r c e  ratio  used in 
tandem is that a low tech n icia n /en g in eer  ratio  coupled  with a high 
en g in eer /la b ou r fo r c e  ratio  p robab ly  indicates that engineers are  not 
being utilised  e ffe ctiv e ly  and that m any of them are  actually  serv in g  
as technicians.

C onclusions on Em ploym ent P attern ;

83. The study on these two ra tios  ind icates the danger o f using 
in ter-cou n try  com p arison s on tech n ician /en g in eer ratio  and engineer/ 
w ork  fo r c e  ratio  fo r  Indian planning. F ir s t ly  there a re  w ide variations 
in these ratios and the question  a r is e s  which country ’ s exam ple to 
fo llow . The evidence b ecom es  m ore  confusing when we learn  that 
the f ir s t  ra tio  is 0. 8 in D enm ark and Sweden, 1. 6 in B elgium  and 
F ra n ce  and 2. 3 in Ireland (See Table I X ). The ex isten ce  o f values 
le ss  than one, indicates that the r e v e rs e  situation in regard  to d e 
s ira b le  o r  norm ative pattern o f technicians to engineers ratio  does 
exist. Secondly, these ra tios not only va ry  between coun tries, 
industries, occupational a ctiv ities  and s ize s  of establishm ents, but 
these ra tios are  vitiated  by d iffe ren ces  in definitions and conditioned 
by tradition, stage o f developm ent o f the econom y, the stage o f develop
m ent o f the tech n ology  and by the m anner o f grouping o f the tech n i
cian sp ecia lit ie s . The w ide varia tions in ra tios ren d er im p ossib le  the 
developm ent planner's job  o f determ in ing a sta tistica l trend w hich 
could  se rv e  as a target fo r  this cou n try 's  m anpow er p rogram m es. 
W here definitional p aram eters  are  consistent, the d ifferen ce  in these 
ratios fo r  the econ om y as a w hole and fo r  each se c to r  of industrial 
activ ity, m ight indicate the ex isten ce  o f a situation requ irin g  co rre ct iv e  
action, w hich it does in the ca se  o f India, but the use o f such ratios^ 
have m a jor lim itations fo r  educational planning. E ach country has tO' 
develop  its own pattern based  on the variab le  conditions d iscu ssed  
above and this is  what is  needed in India now.
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TecJinicians ana iiJngineers in MRnuiacturing inaustry in various couniries

Country Univ.
Trained

Eng.

Other
T rained

Eng.

Total
Trained

Eng.
Tech.

T e ch ./T o t . Labour 
Eng. F o r c e

Tot. E n g ,/ 
Labour 
F o rce

B elgium
(1959)f

/ i \

48.4 :̂< ' 50. 98. 5* 143. 6* 1. 5 1, 566, 000 . 0098

(1)
Denm ark
(1959)|

(1)
F ran ce
(1959)e^

46. 9* 37. 1̂ :̂ 84. 0* 53. 5* 0 .7 . 0084

NA NA 109. 7=!̂ 176. 2 1 .6 6, 300, 000 . 0110

(2)
Ireland
(1964)

NA NA 378 .0** 871** 2. 3 35, 601** .0106

Sweden
(1960>j-

42̂ ^ 89* 131. 0̂ !̂ 105* 0 .8 NA .0131

(1)Sw itzerland
(1955)^

NA NA 14, 440 .0 17, 100 1 .2 NA NA

U .K . (19̂ 6̂ 5) NA NA 84, 529. 0 398, 374 4. 7 NA NA

U .S .A . (̂ 1̂ 6̂2) NA NA 480, 300. 0 379, 500 0. 8 NA NA

(5)
U .S .S .R . (1959) NA NA 343, 300. 0 860, 900 2. 5 20, 205, 000 . 0169

Ol

N. A , = Not A vailable.
Num ber p er  10, 000 in the w orking fo rce .
N um ber fro m  sam ple o f 120 firm s only.
The data fo r  these cou n tries  includes the num ber o f engineers and technicians in 
non-m anufacturing industry.

(See Notes in Appendix I).



This con clu sion  is a lso  borne out by another recen t study based  on an 
analysis o f  Em ploym ent Exchange sta tistics* . It shows that though the 
ra tios o f d ip lom a /d eg ree  outturn from  engineering educational institutions 
ranged between 1. 8 to 2, 5, these ratios am ong job seek ers  in the live 
re g is te rs  of Em ploym ent Exchanges ranged betw een 6. 3 to 7. 3 as fo llow s;

No. o f applicants on the live  Outturn during the year 
re g is te r  at the end o f June, 1965-66

Subject of __________1966_____________________________________________________
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Study Graduate D iplom a P r o p o r -  Graduate D iplom a P ro p o r -
hold ers tion of Col h o ld ers  tion o f C o l

3 to C o l.2 6 to C ol. 5
1 2 3 4 5 6 7

1. C iv il 761 5,323 7. 0 2,515 6,219 2. 5
2. M echanical 749 5,432 7. 3 ai36 5,931 1 .9
S. E le c tr ica l 587 3,677 6. 3 a320 4,279 1 .8

This show s that even though a d esirab le  ratio  in the output o f d iplom a and
degree institutions m ay be ach ieved  as p er recom m endation s o f planning 
bod ies, and in fact the ratio  recom m ended  fo r  1975 has a lready  been  ach ieved  
in the fie ld  of c iv il  engineering, industry has not been able to use the higher 
outturn of diplom a h olders and th ere fore  a la rg e r  volum e of diplom a holders 
a re  accum ulating in the live  re g is te rs  o f E m ploym ent E xchanges. The p r o 
b lem  m ay th ere fore  be lloca ted  in any one or a ll o f the follow ing:

(a) T here is  som e thing in trin sica lly  w rong in the educational s p e c ia li 
sation o f diplom a holders,..

(b) The quality of the final product from  polytechnic institutions is  not 
accep tab le  to industry,

(c) The em ploym ent structu re in industry is  such that it is  unable to 
absorb  the la rg e r  outturn of diplom a h o ld ers .

The probable cau ses listed  in (a) and (b) above m ay resu lt in cause (c) o r  
the latter m ay be independently caused. T h ere fore , it is  con s id ered  to be 
a risky  p roposition  to a ccep t any p re -d eterm in ed  ov e ra ll ra tios o f techniques 
to engineers fo r  developm ent o f education fa c ilit ie s  without taking into account 
the other fa cto rs  d iscu ssed  in this paragraph.

* A study on the supply of and demand fo r  engineering d egree  and diplom a 
h old ers -  An analysis o f E m ploym ent Exchange sta tistics . D irectora te  
G eneral o f Em ploym ent and Training, Govt, o f India, 1967, table 4, 
page 9.



CH APTER III 

TECHNICIAN EDUCATION AND TRAINING 

PRESENT PA TTERN  IN INDIA 

T ech n icia n  Education at the Diplom a Level:

84. The m ain educational p rogram m e fo r  engineering technicians in 
Imdia is o ffered  in the polytech n ics which conduct th re e -y e a r  diplom a co u rses  
ifli d ifferent branches o f engineering and technology  with m atricu lation  as 
tlhe minimum adm ission  requirem ent. These cou rses  a re  w holly  institution - 
b>ased and gen era lly  academ ic and th eoretica l in content and method. The 
f i r s t  year of the cou rse  is  com m on  to a ll the branches o f engineering and 
iincludes a study of c iv il, m echan ical and e le c tr ic a l engineering su b jects . 
T h e re  is no sp ecia lisa tion  in any particu lar technician  sp ecia lity  within
tlhe concerned  branch of engineering and the co u rse s  lead to a genera l 
dliploma in c iv il /m e c h a n ic a l /e le c t r ic a l  engineering, etc. The co u rse s  
p rov id e  fo r  about 35000 hours of instruction  and p ra ctica l w ork  in the 
imstitution. Even though a cou rse  o f p ra ctica l training in industry fo r  a 
p>eriod of 2 y ea rs  is envisaged in the sch em e fo r  these co u rse s , in actual 
p ra c t ice , this is not undertaken fo r  variou s reason s including the lim ited 
fa c ilit ie s  fo r  such p ra ctica l training. F a c ilit ie s  ex ist fo r  these diplom a 
c o u r s e s  in 259 polytech n ics in a ll the States and m ost o f the Union T e r r i 
t o r ie s  with a p rov is ion  fo r  an annual adm ission  o f about 47, 000 students.
T h e annual outturn in 196 5 was of the o rd e r  of 17, 000 w hich is expected  
to  be doubled by 1975-76 'is

T w o -y e a r  T ech n ician  C ou rse :

85. In addition, fa c ilit ie s  are  available fo r  3,710 annual adm ission s 
crea ted  under a sp ec ia l p rogram m e fo r  tw o -y e a r 'te ch n ic ia n 'co u rse s  in 
engineering. T hese co u rses  requ ire  H igher Secondary education as the 
m inim um  qualification  fo r  adm ission  and are  designed to train  sp ecia lis ts
a t the m iddle lev e l in sp ecified  su b -bran ch es o f engineering such as m achine- 
shop and too l room  technology, e le c tro n ics , e le c tr ic a l technology, m ech 
a n ica l design technology, autom obile and d ie se l technology, and c iv il

* R eport o f the T ech n ica l M anpower A ssessm en t C om m ittee , Govt, of 
India, M in istry  o f Education, D ecem b er 1966, para 23.
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con stru ction  technology, etc. The cou rse  includes about 270 hours o f 
instruction  in the techn ica l sp ec ia lity  and 1300 hours o f training in w o rk 
shops. The total duration o f the cou rse  is  two y ea rs  with 3040 contact 
hours. It was expected  that tech n ica l institutions would use these cou rses  
as a guide and that "p r o g r e s s iv e ly  a ll the poly tech n ics in the country 
should change ov er  to cou rses  with the new approach , nam ely, p reparation  
o f sp ec ia lis ts  At present, how ever, only 8 poly tech n ics o ffe r  these 
technician  sp ecia lity  co u rse s  in c iv il, m ech an ica l and e le c tr ic a l en g in eerin g  
branches. The annual outturn fro m  these co u rse s  was 660 technicians 
in 1965 w hich is lik e ly  to in crea se  to 1200 in 1975=1“ !̂

Sandwich C ourse in AlEchanlcal E ngineering :

86. E fforts  have a lso  been m ade to form u late  sandwich cou rses  at the 
d iplom a lev e l fo r  training su p erv isory  p erson n el fo r  sp e c ific  industry.
The sch em e fo r  training o f forem en  and su p erv iso rs  fo r  m echanical engin
eerin g  industry was form ulated  by the M in istry  o f E ducation in 1957-|.
This sch em e recogn ised  that the products from  the th re e -y e a r  diplom a 
co u rse s  in en g in eerin g /tech n ology  lacked  p ra ctica l exp erien ce  and w ere  
not th ere fore  able to m eet the sp e c ific  needs o f su p e rv iso ry  positions in 
industry. It was a lso  noted that as the duties and resp on sib ilit ie s  o f these 
su p erv iso rs  in industry w ere  w ell-d e fin ed , it w as not n ecessa ry  to prov ide 
fo r  the sam e b roa d -b a se  in the institutional study as in the conventional 
d iplom a cou rses . The sandwich cou rse  w as a ccord in g ly  p roposed  to in clu d e 
institutional studies o f 46 w eeks and industrial apprenticesh ip  fo r  138 
w eeks within a p eriod  o f 4 y ea rs . The cou rse  includes a study of the b a sic  
p rin cip les  o f a ll branches o f engineering, hum anities and m athem atics 
and labora tory  w ork  fo r  ],970 hours. No w orkshop  training in the institution 
is  envisaged. The inplant training prov ides fo r  advanced training in any 
one p articu lar shop o f the industry fo r  12 w eeks and training in forem anship  
and su p erv ision  fo r  320 hours on a p a rt-tim e  b a s is . No sp ecia lisa tion  was

'■' Minutes of the 34th (sp ecia l) m eeting o f the C o-ord in a tion  C om m ittee 
o f the A ll India C ouncil fo r  T ech n ica l Education, held on January 12, 
1963. (Item No. 6).

R eport o f the T ech n ica l M anpower A ssessm en t C om m ittee, Govt, o f 
India, M in istry  o f Education, D ecem ber, 1966.

t  Train ing o f F orem en  and S u perv isors fo r  M ech an ica l E ngineering 
Industry— Schem e fo r  Sandwich C ou rses fo r  National C ertifica te  
in M echanical Engineering. M in istry  o f Education.
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(envisaged other than the advanced w orkshop training. This schem e has 
Ibeen im plem ented so  fa r  at 6 cen tres  with an annual adm ission  capacity  
(Of 230 students fo r  m ech an ica l engineering cou rses .

(Chem ical O perators ' T rain ing S ch em e:

87. The other sandwich co u rse  is  fo r  the training o f ch em ica l op era tors  
£and su p erv isors  fo r  ch em ica l industry fo r  w hich a sch em e w as form ulated  
iin 1959. The duration o f the co u rse  is  4 yea rs  with fa cto ry  training f o r -  
maing a m a jor part o f the third and fourth years  o f the cou rse . The m inim um  
a d m iss ion  requ irem en t is  gen era l education up to the age o f 14 y ea rs .
IFor those who have com p leted  M atricu lation  exam ination, the cou rse  is o f 
3  years ' duration with 2, 460 institutional hours and 50 w eeks o f fa ctory  
ttraining. The co u rse  includes a study o f hum anities and languages, s c ie n ce  
an d  m athem atics, e lem entary  e le c tr ic a l and m echan ical engineering, w ork - 
£shop training and draw ing. The sp ecia lity  training in ch em ica l operations 
and  p ro ce sse s  w ould include 540 hours o f instruction  in the Institute. The 
{practical training is  requ ired  to be as b roa d -b a sed  as p oss ib le  and so  
d esign ed  that a student gains a com p lete  w orking knowledge o f ch em ica l 
eng in eerin g  operation s, p r o c e s s e s , instrum entation and con tro l with 
em ph asis on plant operation  and maintenanceo By the end o f the Third 
IPlan, there w ere  only 3 cen tres  o ffe r in g  these co u rse s  with an annual 
a d m iss ion  cap acity  fo r  120 students.

M ultitude o f patterns o f d iplom a h o ld e rs :

88, It would be ob serv ed  that d ifferent experim ents have been tried
i.n the d iplom a co u rse s  to integrate th eoretica l instruction  with industrial 
tra in ing, e ither during the c o u r s e ’̂ or a fter  the institutional program m e.
T h e  contents have been  ranging betw een the genera l broadbased  engineering 
co u r s e s  fo r  National C ertifica te  - w hich has been d escr ib ed  as diluted 
w ersion  o f d egree  cou rses-a n d  the sp ec ia lised  technician  co u rses  with a 
m odicu m  of training in a technician  sp ecia lity , o r  from  the sandwich 
c o u r s e  cov er in g  the w hole fie ld  o f m ech an ica l engineering to the s p e 
c ia lis e d  sandw ich co u rse  fo r  the ch em ica l industry. The duration o f the 
c o u r s e s  a lso  v a r ie s  fro m  4 y ea rs  fo r  the sandwich co u rse s  to 2 yea rs  fo r  
the "tech n ician ” co u r s e s . The m inim um  entrance qualifications range 
fr o m  gen era l education  up to the age o f 14 years  fo r  the ch em ica l o p e ra 
t o r s ' training to H igher Secondary education fo r  the "tech n ic ian " cou rses . 
T h is  situation o f flux with a m ultitude o f diplom a cou rse  in engineening 
aind technology has, in no sm a ll m easure, confused the industry about
tiie qualitative le v e l o f  the d iplom a h o ld ers , passing out o f  the p olytech n ics.
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At the sam e tim e, it cannot be said  that any of these cou rses  has been 
su ffic ien tly  oriented  towards the rea l needs o f an expanding industry or 
tow ards developing technology.

L ack  o f Involvem ent by  Industry:

89* This is partly  because there has not been su fficient involvem ent 
of industry in the form ulation  or  im plem entation of these program m es.
The p ro g re ss  o f the p ra ctica l training o f diplom a h old ers and graduates 
is an instance in point. * There are  at present only 3, 000 p laces o ffered  
fo r  such training as against a com bined outturn o f 15, 000 graduates 
and diplom a h old ers in m echanical and e le c tr ic a l engineering branches 
alone. Another probable reason  is  that a ll the technician training cou rses  
are  institution -based , industry being a ssocia ted  as and when n ecessa ry  
fo r  the inplant training. One o f the consequ ences o f this lack  o f  mutual 
exchange between educational institutions and industry has been the 
im balance between the rea l needs o f an industry and the educational and 
training attainm ents o f diplom a h old ers . On the one hand, m odern 
industrial units requ ire  sp ecia lists  fo r  their various departm ents with 
intensive knowledge and study in re la tive ly  narrow  sp ecia lit ie s  under 
the m a jor branches of engineering, fo r  exam ple, a machineshc^p tech 
nician. The educational co u rse s ,o n  the other hand, o ffe r  a b roa d - 
based  cou rse  coverin g , fo r  instance, fo r  a m echanical engineering 
diplom a holder, not only the variou s sp ecia lities  of the chosen  branch 
o f study but a lso  the theory  and p ra ctice , including drawing e x e rc is e s  
w h erever n ecessa ry , o f c iv il  and e le c tr ic a l engineering branches as 
w ell. This im balance together with lim itations o f organ ising  p r a c 
tica l training in industries had tended to m in im ise the utility o f the 
present diplom a co u rses  from  the point of view of the needs o f the 
industry. W hatever m ay be said of the tech n ician /en gin eer ratio  in 
Indian industry, it con cea ls  qualitative d e fic ien cies  in both ca tegories  
and m ore  so in the technician category .

* In view  of the un satisfactory  position , the A ll India C ouncil fo r  
T ech n ica l Education recom m ended  the setting up o f an E xpert 
C om m ittee ' to exam ine the entire question of p ra ctica l training 
o f graduates and diplom a h old ers  and form ulate a detailed 
sch em e fo r  the organisation  o f apprenticeship  in industry . The 
C om m ittee is yet to subm it its R eport. (P roceed in gs o f the 
16th m eeting held on D ecem ber 8, 196 3, para 60).
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Training P rogram m es of Industry fo r  T echnician  Jobs:

90. An em erging  trend of the industries organising sp ecia l training 
program m es fo r  m eeting their demand for  technicians m ay be cited  
hers. In the ca se  o f the iron  and stee l industry, a sch em e fo r  training 
operatives fo r  production  shops has been started  under TISCO and the 
Hindustan Steel*. The ob jective  of the sch em es is to tra in  sc ien ce  
graduates fo r  sen ior positions on the operation  side of production  
departm ents. The cou rse  co m p rise s  o f an in itia l p eriod  o f general 
training fo llow ed  by sp ecia lised  training. The p robation ers are  given 
sp ecific  position  training and opportunities on -th e -job  " to  develop p rop er 
attitude and to acqu ire  sk ills  and knowledge on the job  by actual w ork 
experience and a ss is ted  by existing operation  p e rso n n e l" . The TISCO 
schem e is  of 3 -y ea r  duration and the Hindustan Steel Schem e is of
18 -month duration,

91. S im ilarly  a few  m echanical engineering industries in and around 
Calcutta have organ ised  sandwich co u rse s  fo r  m echan ical engineering 
technicians in a ssoc ia tion  with the Calcutta T ech n ica l School. The 
cou rse  prov ides fo r  3,800 institutional hours and 4J600 hours of training 
in industry. The m inim um  adm ission  qualification  is  H igher Secondary 
exam ination pass with suitable su b jects . The cou rse  p rov ides for
400 hours o f instruction  and about 1,100 hours of industrial training 
pertaining to a technician  sp ecia lity  such as production  engineering, 
steel m elting, etc. '

Need fo r  a C om prehensive R eview :

92. It would be relevant here  to note that the Education C om m ission **  
in its recom m endations relating to technician  education, has suggested 
the follow ing tasks;

- an im m ediate in crea se  in technician training fa c ilit ie s  so 
as to a lter the existing "top  heavy pyram id o f trained 
m anpow er";
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>1̂ T ech n ica l P robation er Schem e fo r  TISCO operation  personn el and 
Senior O peratives Schem e o f Hindustan Steel Ltd.

** R eport of the Education C om m ission  (1 964 -66 ), Govt, o f India, 
M in istry  o f Education,pp.372-375.



“ im provem ent of the o v e ra ll ra tio  o f engineers to technicians 
to 1:2. 5 by 1975 and 1:3 o r  1:4 by 1986;

- reducing student w astage in these co u rse s  which is  estim ated 
to range betw een 35. 6 and 50 p er cent;

“ finding out the c lu ste rs  o f s k ills /r e s p o n s ib ilit ie s  fo r  technician 
sp ecia lit ie s ;

- m aking the diplom a train ing m ore  p ra ctica l by including indus
tria l exp erien ce  p a rticu la r ly  in the last year;

- location  o f polytech n ic institutions near industrial cen tres  
rather than on  an a rb itra ry  ru le  o f one per d is tr ic t ;

- im proving training o f tea ch ers  o f p o ly tech n ics ;

- im proving s c ie n ce  and m athem atics teaching in polytech n ics 
and in clu sion  o f su b jects  on su p erv ision ; and

- introducing sandw ich type co u rse s  fo r  ex isting  w ork ers  in 
industry to grow  to technician  p osition s.

TECHNICIAN TRAINING IN OTHER COUNTRIES
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93. An attempt is m ade h ere  to ind icate b r ie fly  the salient features 
o f the education and train ing of engineering  technicians in the United 
States, the USSR, F e d e ra l R epublic o f G erm any and the United Kingdom. 
This is done in re la tion  to the cu rr icu la r  patterns and sp ecia lisa tion  of 
technician  cou rses  and the partnersh ip  betw een industry and techn ica l 
institutions. B efore  p roceed in g  further, it w ould be d esira b le  to note 
the som ewhat d ifferent h is to r ica l background in these cou n tries in the 
fie ld  o f technica l education in gen era l and o f technician  training in 
particu lar. It is w ell-know n  that in the U. K . , U .S .A . and G erm any 
there has been an age-old  tradition  o f industry  being p r im a r ily  r e s 
ponsib le  fo r  the training of sk illed  w ork ers  and technicians. This has 
resu lted  in the predom inance o f in d u stry -b a sed  as w e ll as p art-tim e  
p rogram m es, even though the educational system  subsequently r e c o g 
nised the need to include co u rse s  in tech n ica l su b jects . Consequently, 
as many as 60-70 per cent o f the techn icians in UK and G erm any did 
not go through techn ica l sch oo ls  m eant fo r  the training o f technicians.



Further, ch ildren  in these coun tries grow  up in an atm osphere of sc ien ce  
anc technology with the use o f e le c tr ic a l and e le ctron ic  gac^gets and a p p li
ances as a part of their gen era l living. T here is  a lso  a flex ib le  educational 
system  which g ives a lib e ra l ch o ice  o f su b ject groups fo r  the students to 
choose and w hich a lso  enables the students to com p lete  the co u rse s  at a 
pace determ ined by the capacity  o f the students. On the other hand, the 
USSR pattern, with state ow nership o f a ll industries and the highly cen 
tra lised  planning^ p resen ts a com p lete ly  d ifferent p ictu re . M ost o f their 
technicians have com pleted  a p rogram m e of fo rm a l education and training 
in a sem ip ro fess ion a l sch oo l with orientation  tow ards the sp e c ific  needs 
o f  the lo ca l industry. Such d ifferen ces  have tended to in fluence the 
ch oice  and details o f a system  fo r  education and training o f technical 
m anpower in these and other c o u n t r i e s a n d  m ay be taken note^Qf.

P rogram m es in USA:

94. T h ere  has recen tly  been a c le a r e r  appreciation  of the ro le  and 
duties o f an engineering technician  in USA, as a resu lt o f the e fforts  
o f the A m erica n  S ociety  o f E ngineering Education. The E n gin eers ’
C ouncil fo r  P ro fe ss io n a l D evelopm ent (ECPD) has a lso  taken ov er  the 
resp on sib ility  fo r  a ccred ita tion  o f engineering  technician  program m e. 
A ccord in g  to the ECPD , an engineering technology cu rricu lu m  should 
include, in addition to a study o f b a s ic  s c ie n ce s  and soc io -h u m a n istic  
sub jects , at least the equivalent o f one a cad em ic y ea r  of techn ica l 
cou rses . A  high degree  o f sp ec ia lisa tion  is favoured  fo r  these program m es 
with fie ld -or ien ta tion  rather than job -or ien ta tion . The foundation fo r  
and su ffic ien t em phasis upon tech n ica l sp ec ia lity  co u rse s  are  con sid ered  
the essen ce  o f engineering technology p rog ra m m es. C u rricu la  o f a 
vocational pattern o r  any jo b -o r ie n te d  sp e c ia lise d  pattern w ould not 
qualify fo r  a ccred ita tion . An exam ination o f the cata logues o f  a 
num ber o f w ell-know n tech n ica l institutes. Offering a ccred ited  p r o 
gram m es in engineering technology, in d icates that there are  about 
2^00-2;4:00 contact hours w hich are  d istributed  am ong the subject con 
tent as fo llow s:

Content P e r  cent
P h ysica l sc ien ce  18
M athem atics 12

F o r  instance, a ccord in g  to an OECD su rvey  (1961), 29 p er cent 
o f the French and 25 p er  cent o f the Italian techn icians w ere  
self-tau gh t.
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G eneral studies 18
T ech n ica l sp ec ia lity  52

T hese co u rse s  can be availed  o f  as a coop era tive  educational p ro je c t  so 
that w ork  experien ce  is suitably com bined with the engineering  technology 
p rogram m e.

95. The techn ica l institute p rogra m m e is  of two y ea rs  in duration and 
the m inim um  entrance requ irem en ts a re  secon d a ry  sch oo l graduation, 
one y ea r o f a lgebra  and, in certa in  States, p assin g  an E ngineerin g  and 
P h ysica l S cien ce  Aptitude T est. The tech n ica l institutes in C onnecticut 
o ffe rs  this p rogram m e on the basis  o f three 13-w eek  term s p er year. At 
the end o f the secon d  term  o f the f ir s t  y ea r, the student m akes his final 
ch o ice  o f cu rricu lu m  and starts to sp e c ia lis e . Each term , the student 
re ce iv e s  28 haurs o f c la s s -r o o m  and la b ora tory  in stru ction  and spends
a m inim um  o f another 28 -^ ou rs o f sp e c ia l hom ew ork  assignm ents. T]:ie 
cu rr icu la  prov ide  a thorough background in engineering  fundamentals 
and sp ecia lisa tion  in a m a jor  fie ld . A m ong the 143 engineering technology  
p rogram m es a ccred ited  by the ECPD a re  C iv il T ech nology , D rafting and 
D esign T ech nology , F lu id  P ow er E ngineering T ech nology , Internal C om 
bustion E ngineering T ech nology , A eron au tica l and Space E ngineering 
T ech nology , E lectron ic  Technology, M ech an ica l T ech nology , T oo l T e ch 
nology  and C hem ica l T ech nology .

P rogra m m es in the USSR:

96. In the USSR*'!' the m a jor ity  o f s e m i-p r o fe s s io n a l jobs  are  
re se rv e d  fo r  p erson s with fo rm a l sp ec ia lised  training and such training 
is  o ffe red  in secon d ary  sp e c ia lise d  educational establishm ents. These 
sch oo ls , ca lled  "te ch n icu m s", adm it students e ither a fter  7 -8  years
o f gen era l education fo r  a 4 -year 4 months p rogram m e o r  a fter the 10 
yea rs  sch oo l fo r  a 2 -year 4 m onths p rogram m e. A d m ission  is  made

* E ngineering T echnicians fo r  C onnecticut Industry, C arm elo  S. G reco , 
a paper presented  at the Fourth  Annual C on feren ce  on T ech n ica l 
Education, W est P alm  Beach, 1962,as rep orted  in the T ech n ica l 
E ducation News, V ol. XXII No. 2, N ovem ber, 1962.

Education and P ro fe ss io n a l Em ploym ent in the USSR, N icholas 
de Witt, National S cien ce  Foundation, W ashington, 1961.
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after an entrance exam ination and 80% of p la ces  a re  r e se rv e d  fo r  those 
with em ploym ent exp erien ce . F ir s t  p r io r ity  is  given to p erson s who 
are assigned  to fu ll tim e study by variou s en terp rises . The aim  of 
instruction  in these sch oo ls  is  to train the students in sk ills  and know
ledge that w ill qualify  them fo r  em ploym ent on the interm ediato. leve ls  
o f p ro fe ss ion a l com p eten ce . E very  se m i-p ro fe ss io n a l sch oo l graduate 
m ust have a sk illed  w o rk e r ’ s qualification  in addition to h is s e m i-  
p ro fess ion a l sp ecia lity . The training is , th ere fore , hi^^ly intensive 
in the sp ecia lity  con cern ed  and in its p ra ctica l orientation .

97. A ccord in g  to a recen t cu rr icu la r  reorgan isation , the cou rses  
are  being m odified  so as to in corp ora te  em ploym ent experien ce  with 
the p rogram m e. Thus, the secon d  y ea r o f the 2-y e a r  p rogram m e or 
the third and part o f the fourth y ea r  o f the 4 -year p rogram m e would be 
o ffered  on a p a rt-t im e  b a s is . In term s o f instructional hou rs, the 
technicum s in engineering  fie ld s  o ffe r  42 -46  w eeks pier y ea r with 40 
hours o f in stru ction  every  w eek. In other w ord s, there a re  1500 
instruction  hours p er year. A  typ ica l 4 /year 4 months program m e has 
thus 6,500 hours d istributed  am ong su b jects  as fo llow s:

Content P er  cent
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G eneral a cad em ic su b jects  25-30
G eneral tech n ica l su b jects  20-25
S p ecia lised  tech n ica l su b jects  20-25
A pplied  training 25-30

If the em ploym ent ex p erien ce  is  a lso  counted, then the duration o f a 
typ ica l 4 -year p rogra m m e, such as, one in too l production , w ill 
include 7,330 hou rs o f w hich  70 p e r  cent a re  spent on applied sp e c ia 
lised  co u rse s  and the rem ain in g  30 p er cent on a ca d em ic su b jects  
and gen era l tech n ica l co u r s e s , as shown below :

Structure o f C u rricu lu m  in T o o l P rodu ction
H ours P er  cent

1. G en era l a ca d em ic (6 su b jects ) 1,487 20 .3
2. G en eral tech n ica l (5 su b jects ) 730 9. 9
3. S p ecia lised  tech n ica l (10 su b jects ) 1,464 20 .0
4. P h y s ica l education 245 3. 3
5. A pplied train ing 3,402 4 6 .5

7,328 100.0



'9 8 , The technicum s in engineering and industrial fie ld s  o ffe r  as many 
as 289 technica l sp ec ia lit ie s  and each  sp ecia lity  re la tes to the occupational 
designation o f the future sp ecia lis t . The training is functionally  oriented  
to suit em ploym ent requ irem en ts. This is  facilita ted  by the general l o 
cation  of the technicum s. T hose in engineering and technology  a re  located  
in c it ie s  and“lndustrial cen tres  and the type of industry in fluences the 
technical sp ecia lities  o ffe red  in the institutes. Industrial cen tres  with 
la rg e  m achine-bu ild ing plants have technicum s fo r  m echan ica l engin
eerin g  o f variou s sp ecia lisa tion s and so  on. The industrial com plex  
p rov ides the technicum  with an essen tia l base fo r  applied training and, 
in return, a technicum  trains substantial num ber o f interm ediate lev e l 
sp ec ia lis ts  fo r  that industrial com p lex . T each ers  fo r  technicum s are 
a lso  recru ited  from  la rg e  industrial plants, e ither on a p art-tim e  basis 
o r  otherw ise.

P rogra m m es in F ed era l R epublic o f G erm any:

99. The system  o f training technicians in Germ any is  essen tia lly  
p ra ctica l in nature and m aintains c lo s e  contact with in d u stry 's  T ech 
n icians a re  requ ired  not only fo r  design  but a lso  fo r  w ork  program m ing 
and preparation  and a host o f other a ctiv ities  w here these experien ced  
sp ecia lis ts  re liev e  the engineer o f  m any tasks and m oderate  the acute 
sh orta g e  o f engineers. The demand fo r  technicians is  in creasin g  
because o f the in creasin g  ration a lisation  of the industrial labour with 
the advent o f m echanisation  and autom ation. The follow ing ch ie f areas 
o f em ploym ent fo r  technicians in G erm an industry m ay be noted so  as 
to fa cilita te  a better app recia tion  o f their training p rogram m es:

(a) in design, as d esign ers o f m achine parts, tools and apparatus, 
standards technicians, sw ich -gear technicians, etc. ;

(b) in p roced u re  developm ent;

(c ) in planning and preparin g  operations (pre-calculation , tim e 
keeping, m aking tim e schedule, etc. );

The Training of T ech n icians and E ngineers in the F ed era l R ep u b lic ’ 
o f G erm any, E rw in K rause, International Labour R eview , ILO,
Geneva,Vol.LXK:XlX,No. 2. F e b .,  1964
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(d) in production, as m anageria l assistants, p ro ce ss  technicians;

(e) in production  con tro l and checking as con tro l technicians, test 
shop technicians, etc,;

(f) in m ateria l testing s e rv ic e s  and la b ora tor ies , as m ateria l 
testing technician, ch em ica l technician, e t c . ;

(g) in sa les and serv ic in g  (making tenders, cu stom er s e rv ic e ,e tc . ).

100. The technician sp ecia lists  in G erm any are  developed  from  the 
category  o f sk illed  w ork ers  who have broad  w orkshop and plant e x 
perience. There is  no equivalent o f our polytechnic w h ere students 
are d iverted a fter the high sch oo l stage from  the genera l education 
cou rses  to another educational institution to be trained as a technician. 
With active in terest taken by the C ham bers 6f Industry and C om m erce  
o r  the Cham ber o f H andicrafts, there is a v a rie ty  o f apprenticesh ip  
schem es leading to p ro fess ion a l exam inations of these ch am bers. The 
accent in a ll these p rogram m es is on p ra ctica l training in w orkshops 
and study in p art-t im e  vocation a l sch oo ls .

101. V ocational sch oo ls  o ffe r  technician  training p rogram m es as 
either a on e -y ea r  day cou rse  o r  a th re e -y e a r  evening co u rse . The 
students should have p rev iou sly  done p ra ctica l w ork  ^  cra ftsm en  fo r  
at least 2 yea rs  fo r  the day cou rse  and 3 yea rsfor  the evening cou rse . 
This would be p reced ed  by 3 to 3 j  y ea rs  o f  apprenticesh ip  in industry 
so  that the student would have had 5 -7  y ea rs  o f p ra ctica l training b e fore  
he is  adm itted to the technician  co u rse s . The cu rr icu la  o ffe red  in 
these sch oo ls  a re  sp ec ia lised  but include b a s ic  su b jects  such as m ath
em atics and sc ie n ce  and drawing. T hese b a s ic  su b jects  take up about 
67 per cent o f the w hole program m e, i. e. IpOO hours. T h ere  a re  about 
33 sp ecia lities  o ffe red  under these p rogra m m es. M ost o f the vocational 
sch ools a re  linked to trade or engineering sch oo ls ; there  are  a few 
sch ools  under the au sp ices o f the Cham ber o f C om m erce  and Industry 
o r  C om m ittees of public authorities.

102. The Schools o f E ngineering* in W est G erm any a re  highly 
developed fo rm s  o f advanced vocation a l sch oo ls  fo r  qualified  young 
people, engaged in manual occupations, a fter  com pleting  their appren - 
ticeship, obtaining the technica l sch oo l leaving ce r t ifica te * *  and having

 ̂ Ingeniurschulen.

F ach sch u lre ife .

63



the n e ce ssa ry  p ra ctica l experien ce . A lternatively , students who have taken 
the jun ior secon dary  sch oo l ce rt ifica te* , i. e. , correspon d in g  to an age of 
16+ yea rs , can a lso  jo in  these cou rses  a fter the p eriod  o f apprenticeship  or 
su perv ised  p ra ctica l training. The cou rse  o ffe red  in these sch oo ls  are o f 3 
y ea rs ' duration, in 6 sem esters , fo r  train ing as p ra ctica l o r  non-graduate 
engineers. These studies are  available in 26 techn ica l sp e c ia lit ie s , such 
as, "overgrou n d  and underground building; surveying; regulation  o f w ater 
supplies and irr iga tion  techniques; m achine construction ; e le c tr ic a l engin
eerin g; m anufacturing techniques and industrial engineering; p re c is io n  
techniques; heating and ventilation; ship building; ch em istry  and tex tile s "** . 
The instructional period , totalling 4, 500 hou rs, is d istributed by subject 
content as fo llow s:

Content P er cent

B asic  sub jects 30
T ech n ica l Specia lity  50
Labour and S ocia l sub jects and genera l education 20

The cou rse  does not aim  at provid ing narrow  sp ecia lisa tion  in a given 
techn ica l specia lity , but is reasonably  b roa d -b a sed  within the chosen 
fie ld . This is con sidered  n ecessa ry  in view  of the thorough p ra ctica l 
training in industry which has p reced ed  the training in the sch oo ls  o f 
engine e ring, j-

P rogra m m es in the United K ingdom :

103. T ill recen tly , the pattern in the UK was fo r  industries to 
recru it  their cra ft apprentices to give them  " r e le a s e s "  fo r  attending 
techn ica l co lle g e s  and fo r  taking either the exam inations o f the C ity 
and Guilds o f London Institute at the cra ft and technician  leve ls  o r  the

* M ittlerere ife ,

** UNESCO W orld  Survey o f Education: III Secondary Education (1961).

In the OECD Survey on R esou rces  o f S cientific and T ech n ica l P e r 
sonnel in the OECD a re a , the graduates o f these sch oo ls  are  taken 
as qualified engineer though o f le ss  than un iversity  degree 
standard". (Annex. II, pp. 250-51),
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exam inations fo r  the National C ertifica tes  at the ord inary  or  higher 
leve ls . Thus, m ost of the technician  positions w ere  fille d  by sk illed  
cra ftsm en  with supplem entary educational cou rses . The W hite P aper 
on "B etter  O pportunities in T ech n ica l E ducation", 1961, recogn ised  
that the needs o f the technician be m et not by the cou rses  designed fo r  
cra ftsm en  o r  technologist but by cou rses  designed s p e c ifica lly  fo r  
technicians. With a view , inter a lia .to adapt techn ica l education m ore  
c lo s e ly  to the needs o f industry, and in p a rticu la i^ ^ eet the urgent 
need to make m ore  and better p rov is ion  fo r  technicians, it was p r o 
posed  to bring  about a m a jor recon stru ction  o f system  of co u rses  fo r  
technicians, cra ftsm en  and op eratives. These p rop osa ls  are  being 
introduced at present in a phased m anner. N evertheless , the salient 
features o f the proposed  p rogram m es are indicated in the follow ing 
paragraphs.

104. There a re  two m a jor educational p rogram m es open to can d i
dates fo r  becom in g  technicians, v iz . , the National C ertifica te  cou rses  
and th^Mhew tech n icia n /tech n o log ica l ce rt ifica te  cou rses . The fo rm e r  
co u rse s  a re  meant fo r  those who have an aptitude fo r  m athem atics and 
could  (yroceed to take H igher National C ertifica tes , recog n ised  as a 
h igher technician qualification . A  m a jor ity  o f the students are  how ever 
expected  to take the la tter co u rses  w hich would be designed in relation  
to the rea l needs o f the industries. Both these p rogram m es would be 
o ffe red  at the techn ica l co lle g e s , m ainly on a p a rt-tim e  o r  sandwich 
b a s is . The aptitude of the students fo r  taking up either of the two co u rse s - 
o r  in exceptional ca ses , the cra ft  co u rse s  — is  to be tested  during on e- 
y ea r (p art-tim e) gen era l engineering co u rse  fo r  the sch oo l lea vers  at 
the age o f 16+. The duration w ill be two y ea rs  fo r  those who leave 
sch oo ls  at the age o f 154-. This cou rse  would co m p rise  o f a study of 
engineering s c ie n ce s  and m athem atics, w orkshop p ro ce s s e s  and m ateria ls 
(including p ra ctica l w ork ) and engineering drawing, as exam ination 
su b jects  with the addition o f E nglish and G eneral Studies. There would 
be 240 hours o f study p er year ( p a rt-tim e) ending with an external 
exam ination. T hose students who pass in a ll the 3 su b jects  at one 
sitting and obtain 'c r e d it ' in m athem atics and engineering sc ien ce  are 
e lig ib le  to jo in  the 1st Y ea r o f the tw o -y ea r  p a rt-tim e  O rdinary National 
C ertifica te  cou rse . T h ose who pass in a ll the 3 su b jects at one sitting 
can enter the secon d  y ea r o f the technician  cou rses  w hile others are  
e lig ib le  to jo in  the f ir s t  y ea r  of the technician  co u rse s . In view  of the 
"d ia g n ostic "  nature o f the G eneral Engineering cou rse , no student is 
a llow ed  to repeat the cou rse .



105. T echnician  co u rse s  have been designed by the C ity and Guilds 
o f London Institute in consultation  with p ro fess ion a l institutions leading 
to the award of the Institute's ce rtifica te . The co u rse s  a re  in three 
parts, each part form in g  a definite stage by itse lf, enabling the students 
to jo in  technician labour fo r c e  at a correspon d in g  leve l. P arts I and 
II requ ire  attendance fo r  not le ss  than 500 hours on a p a rt-t im e  basis  
and 650 hours on a b lock  re le a se  or  sandwich basis  ov er  a p eriod  of 
two y ea rs  each. 25 p er cent o f the tim e fo r  techn ica l studies is  fo r  
p ra ctica l w ork  w hile in the ca se  o f sc ien ce  su b jects , 50 p er cent of the 
tim e is fo r  experim ental and dem onstration  w ork. P art I of a m ech 
an ica l technology  co u rse , fo r  instance, is intended to g ive a foundation 
to students in the p rin cip les  and p ra ctice  o f engineering, including 
w orkshop p ro ce sse s . P rov is ion  is m ade fo r  supplem entary training 
fo r  m eeting sp ecia l n eed s ,if any, such as n on -m eta llic  m a ter ia ls ,e tc . 
P art II o f the cou rse , on the other hand, prov ides fo r  sp ecia lisa tion  
in w orkshop technology o r  any other sp ec ia l technology  such as p ress  
too l technology, p lastics  m ould making, plant m aintenance and w orks 
se rv ic e , etc. The study o f engineering con stru ction  and m ateria ls 
re la tes  to the technician sp ecia lity  se le cted  by the student. In addition, 
instruction  is given in E ngineering S cien ce and M athem atics. The C and 
G Institute exam ination regulations insist that a student should pass 
in ,a ll the three exam ination su b jects  in the sam e yea r. P art III o f 
m echan ical technology cou rse  is  open to those who, a fter com pleting 
P art II certifica te ,h a ve  su ffic ien t background of industrial experien ce  
so  as to qualify fo r  the fu ll T ech n olog ica l C ertifica te . The cou rse  
includes not le ss  than 240 hours o f advanced study (including appropriate 
labora tory  o r  p ra ctica l w ork) in a sub ject of ch o ice*  and 70 hours of 
study of a p ra ctica l su b ject of applied technology. S im ilar co u rses  have 
a lready  been form ulated  fo r  e le c tr ic a l technicians and telecom m unication  
technicians. It is  expected  that cou rses  would be prepared  fo r  other 
industries a lso.
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The follow ing courg^s o f study have been  sp ecia lly  designed by 
the C ity and Guilds^London Institute: A dvanced p rodu ction  p r o 
c e s s e s ; M echanical engineering design; Jig and too l design; P re ss  
too l design and utilisation ; P la stics  m ould design and utilisation; 
Control system s technology; Plant m aintenances and w orks s e rv ice ; 
Tbsting and developm ent; and M echanical and fo rm a l treatm ent o f 
m etals



106. One o f the consequ ences o f the White Paper, 1961, already- 
re fe rre d  to, is  the reorgan isation  o f the traditional National C e r t i
fica te  cou rses  at the O rdinary leve l. Under the rev ised  pattern, the 
cou rse  w ill be o ffe red  as a com m on  O, N. C. fo r  E ngineerin g ’!?' instead 
o f the e a r lie r  sp ecia lisa tion  into m e ch a n ica l/e le c tr ica l engineering, 
etc. The new cou rse  p rov ides fo r  b road er cou rses  with a greater 
range o f a lternative su b jects  than b e fo re . The holders o f ONC/OND 
can pursue their education either by taking P art II ce rt ifica te  o f the 
City and Guilds o f London Institute, d escr ib ed  in the e a r lie r  paragraph 
or  take the H igher National C ertifica te . The latter ce rt ifica te  is 
being recog n ised  m ore  as a higher technician qualification  and le s s
as an enabling channel fo r  m em bersh ip  of p ro fess ion a l bod ies, e s 
p ecia lly  when there is  a genera l in crea se  in the num ber o f full-time 
students fo r  sandw ich co u r s e s . Thus the hold er o f an ONC has two 
p oss ib le  ch o ices  of e ith er sp ec ia lis in g  in tensively  in a branch of 
technology through the C ity and Guilds Institute cou rses  o r  quali
fying fo r  h igher technician  positions through the HNC.

107. The ONC co u rse s  are  o f a b roa d -b a sed  ch a ra cter  including 
the study o f m athem atics, m echan ical and e le c tr ic a l engineering 
s c ie n ce s  and drawing in the f ir s t  y ea r and m athem atics and three 
m ore  engineering su b jects  fro m  a w ide range of se lection ** . The 
ch o ice  is m ade keeping in view  the requ irem en ts o f the H igher N a
tional C ertifica te  co u rse s . The duration o f the cou rse  w ill be 2 
y ea rs  p a rt-t im e  with 240 hours each yea r plus additional 90 hours 
o f E nglish  and G en eral Studies.
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* The cou rse  if  taken on a fu ll-t im e  b a sis , leads to the O rdinary 
N ational D iplom a (OND). T hese a re  awarded jo in tly  by  the 
M in istry  o f E ducation  and the p ro fe ss ion a l institutions.

** A pplied  M echan ics; A pplied  Heat; W orkshop technology  or 
instrum ent technology ; e le c tr ic a l engineering  A and B;
P h y sics ; M echan ics o f fluids o r  aerod yn am ics ; elem entary  
surveying; and m ateria ls  and stru ctu res .



108. The HNC co u rses  are  o ffe red  as partH :im e cou rse  fo r  2 years  
a fter  ONC/OND. Unlike at the O rdinary lev e l w h ere the content o f p a rt- 
tim e and fu ll-t im e  co u rse s  is the sam e, the HND o ffe rs  a h igher standard 
o f  co u rse  and is  organ ised  on a sandwich pattern o f 3 y e a r s ’ duration,^^'as 
an alternate channel fo r  becom in g  co rp ora te  m em bers o f the p ro fe ss ion a l 
institutions.

CONCLUSIONS ON TECHNICIAN TRAINING PATTERNS ABROAD

109. It is ob serv ed  that in a ll the cou n tries studied there is an aw areness 
o f the s p e c ific  ro le  o f a technician  in the o v e ra ll engineering em ploym ent
and attem pts are  being m ade to design  educational p rogra m m es fo r  technicians 
keeping in view  the needs o f the industry. A com p arison  o f the re la tive  im p o r 
tance given to broad  su b ject a reas in Indian and other technician  education / 
training p rogram m es is  given in Table X . In G erm any and the U. K . , the 
traditional co u rse s  had envisaged a techn ician  as one who had r isen  from  the 
le v e l o f cra ftsm an . In m odern isin g  these co u rse s , the trend is th ere fore  to 
ensure that su ffic ien t instruction  is  given in gen era l education su b jects  as 
w e ll as in engineering and technology . The developm ent of cra ft  sk ills  is  not 
con s id ered  n e ce s sa ry  except to the extent o f sp ec ia lis in g  in a ch osen  applied 
technology . This would explain the "b ro a d -b a se d "  co u rse s  w hich are  
being in troduced  in the f ir s t  phase o f training techn icians. They have 
a lso  recog n ised  the need fo r  a h igher technician  o r  a p ra ctica l engineer 
and appropriate  co u rse s  are  being continued at this leve l, the HNC 
co u rse s  in the UK and the S chools o f E ngineering in G erm any. In 
contrast, the pattern in the USA rev ea ls  g rea ter  em phasis on the 
study o f b a s ic  s c ie n ce s  and engineering. This is  b eca u se  o f the id en ti
fica tion  o f an engineering  technician  as an expert engaged in application  
o f s c ien tific  and engineering knowledge and m ethod and functioning in 
the range o f  occu pationa l spectru m  c lo s e s t  to the engineer. His edu
cation  is  th ere fore  at the co lle g e  le v e l and orien ted  tow ards m a jor  fie ld s  
o f engineering. On the other hand, the s e m i-p ro fe s s io n a l techn ician  in 
the USSR is  requ ired  to have the sk ills  o f a cra ftsm an  in addition to 
knowledge o f  tech n ica l sp ecia lity  partly  becau se  his training is  
planned and organ ised  in re la tion  to the sp e c ific  and anticipated job  positions 
in an industry*._______ _________ _______________________________________________________

* It is  in terestin g  to learn  fro m  N icholas de W itt’ s "S ov iet E ducation and 
P ro fe ss io n a l E m ploym ent in the USSR" (National S cien ce  Foundation,
1961) that many s e m i-p ro fe s s io n a l graduates have in fact been em ployed 
in sk illed  w ork er  occu p a tion s— as many as 60% in the ca se  o f petroleum  
industry in 1956— not beca u se  o f  h igher sk ill requ irem en ts fo r  advancing 
tech n ology  but " la rg e ly  (due to) the saturation in s e m i-p ro fe s s io n a l 
em ploym ent demand (p. 171).
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TABLE X

Distribution of Curricular Hours by Broad Subiect or Activity Groups 
for different Technician Courses.

Subject— group

I N D I A U .S.A . U.S.S.R. GERM ANY/

3 years 
Diploma 
course

(1)

2 years
Technician

course

(2)

3 years 
Chemical 

Operators’ 
course

'3)

4 years 
Sandwich 

course 
(Mechani

cal) (a)

4 yeats 
Sandwich 

course 
(Mechani

cal) (b)

2 years 4yrs.4m onths  
Technical Technicum 
Institute course 
prograrae

(4) (5)

3 years 
School of 

Engineering 
course 

(6)

1-year(day) 
Vocational 

School 
course 

(6)

No. of 
hours

% No of 
hours

% No of 
hours

% No. of %  
hours

No. of 
hours

% No of 
hour*

% No. of 
hours

% No. of 
hours

% No of 
hours

%

1. General academic subjects 576 16.7 280 10.3 360 18.3 322 10.4 1100 45.8 1990 40.1 900 20.0
J-1000 66.7

2. General technical tubiectt 1746 50.5 1469 48.3 840‘ 31.1 1610 81.7 2047 66.0 200 8.4 820 16.5 1350 30.0 j
3. Technician speciality subjects 268 8.9 540 20.0 ••• ••• 414 13.2 1100 45.8 1250 25.2 '1 500 33.3

>2250 50.0
4. Applied Training (institutional) 1134 32.8 1304 42.8 1040 38.6 ............... 322 10.4 ... 900 18.2 J ...

Sub-Total
I -

3456 100 3041 100 2700 100 1970 100 3105 100 2400 100 4960 100 4500 100 1500 100

Training in Industry 4400* ... • •• 2200 6072* 4608 • N A. 1500 ... N .A .

Total 7856 3041 4900 8042 7713 N .A . 6460 4500 N .A.

(a) Ministry of Education Scheme. "Sandvich course fox National Certificate in Mechanical Engineering, Training of Foremen and Super
visors for mechanical engineering industry'’, 1957.

(b) Indian Engineering Association Sandwich course for mechanical engineering technicians 

•Estimated at 44 hours per week and 50 weeks per year.

N .A . — Not Available.

P. T. O.



’ (2) M inistry of E ducation,Schem e for “ Train ing of Supervisory person n e l: M echani,;al Engineering Group ;■ M achine shop a net T o o l room 
technician ’ , 1963, . > .

(3^ Ministry of Education, Scheme for ‘‘Training of Chemical operators and supervisors for chemical industry'’ . (1959).

(4) American Society for Engineering Education, Final Report of the Evaluation of Technical Institute Education (Technical Education
News. Me Graw Hill Biaok Co. Inc. New York, Vol. X X II No. 4 April, 196^). '  ̂ i ' ^

• • » -  . '
(5) Nicholas De W itt, 'Education and Professional employment in the U .SS.R .’ , National Science Foundation' Washington 1961 

(Table III-7 p. 174).

(6) Erwin Krause, "The training of Technicians and Engineers in the Federal Republic of Germany’ ', Internationol Labour Review, 
Geneva Vol. L X X X IX  No 2 February, 1964.

Source: (1) Ministry of Education.‘ ‘ National Certificate Course in Civil, Mechanical and Elcctrical Enginceri'ng” , 1956.



110. W hile there a re  d ifferen ces  in the em phasis on the variou s 
a sp ects  o f the educational p rogram m es p articu larly  betw een the study 
o f b a s ic  s c ie n ce s  and the need fo r  p ra ctica l tra in ing-w hich  a re  the 
con sequ en ce o f the existing patterns in these co u n tr ie s— there is  a 
gen era l con s isten cy  in the o v era ll educational and training requ irem en ts 
o f technicians in the acknow ledgem ent that an engineering technician  
should p o sse ss ; (a) a sound knowledge o f the fundam entals o f s c ien ces  
and technology; (b) an adequate training and exp erien ce  in industry in 
sp e c ific  job  p osition s; and (c) a sp ec ia lised  knowledge in one technician  
sp ecia lity  within the ch osen  branch o f engineering. The s p e c ific  num ber 
o f hours to be devoted  to either (a) o r  (b) above depends upon w hether 
the co u rse s  a re  in du stry -based  or institu tion -based  as w e ll as on the 
gen era l educational leve l from  which the tra inees are  drawn and the 
com p arative  com p osition  o f sub ject content at that leve l. In regard
to (c), i. e. , the need to sp e c ia lis e  in a technician  sp ecia lity , about
1, 000-1 , 200 hours o f study and training a re  a lloca ted  un iform ly  in a ll 
these cou n tries , ir r e sp e c tiv e  o f the total duration o f the cou rse  o f 
study.

111. A bove a ll, the su rvey  a lso  supports the con clu sion  that it 
would not be d esirab le  to base the planning o f tech n ica l education 
p rogra m m es on an in tra -cou n try  com p arison  and that each country 
should evolve  its own pattern o f training and em ploym ent o f engin
eerin g  m anpow er, keeping in view  lo ca l requ irem en ts and conditions.
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APPEN DIX I 

NOTES ON TABLES III. IV AND IX 

DEFINITIONS USED IN INDIVIDUAL COUNTRIES FOR IDENTIFYINC,
ENGINEERS AND TECHNICIANS

1. B elgium . Denm ark. F rance. Sweden. S w itzerlan d : data fo r  the 
cou n tries w ere  taken from  the OECD Survey. The su rvey  questionnair 
defined engineers by their educational qualification , i. e., h o lder of a 
degree  or  equivalent diplom a, or  p ossess in g  training nationally recog n  
as qualifying him  as an engineer. Technicians w ere  a lso  defined by qu; 
lifica tion , i. e., any qualification  low er than those stated fo r  engineer bi 
including at least one yea r o f fo rm a l technica l education a fter leaving 
secon d ary  sch oo l. The questionnaire asked fo r  the num ber o f engineer 
and technicians so defined, reg a rd less  o f w hether they w ere  perform inj 
techn ica l tasks. T h ere fore  the em ploym ent data subm itted by the varic 
cou n tries should include technical p erson n el engaged in m anagem ent an 
adm inistration , sa les  s e rv ic e s  and prom otion , m arket re sea rch , etc. 
V ariations w ere  introduced  by individual cou n tries, such as:

(a) Denm ark - the technician c la ss  includes lab technicians; the eng 
c la ss  excludes sc ien tists .

(b) F ra n ce  - the technician  c la ss  includes a ll p erson s peform ing  the 
tasks o f technicians, reg a rd less  of w hether their educational 
qualifications sa tis fy  the definition given in the survey  q u es
tionnaire.

(c ) Sw itzerland - the engineer c la ss  r e fe r s  to those p erson s ’ ’ p e r 
form in g  the tasks o f engineers o r  a rch itects , not to the holders 
o f un iversity  d egrees  or  equivalent".

2. Irelan d : tech n ologists  (engineers) and technicians w ere  both
defined by the qualifications m ost frequently  p ossessed  by the p erson s 
in Irelaftd, together with a b r ie f  d escrip tion  o f com peten ce . The 
figu res  rep orted  w ill thus include many p erson s with the appropriate 
qualifications who are  not p erform in g  technica l tasks.

3. United Kingdom: engineers are  defined as p erson s holding the 
qualification  of degree  holder, h older o f diplom a in Technology, a s s o 
ciate o f certa in  sp ecified  educational institutions, or  m em ber of

1 2



certa in  sp ec ified  p ro fe ss ion a l bod ies, reg a rd le ss  o f w hether they are  
engaged in sc ien tific , engineering, o r  tech n olog ica l w ork. One table 
in the study rep orts  the num ber o f engineers so defined who are  actually  
w orking as techn icians; this num ber has been  deducted from  .the total 
num ber o f engineers and sc ien tists . T echnicians a re  defined as those 
"p e rso n s  w orking as technicians and other techn ica l supporting staff, 
ir r e sp e c tiv e  of the qualification  h e ld ". The ca tegory  tech n ica l su p p or
ting staff includes lab technicians, plant su p erv iso rs , re se a rch  a s s is 
tants, etc. To com pensate fo r  the fa ct that this ca tegory  is  much broa d er 
than engineering technician, sc ien tis ts  are  included with en gin eers in 
ca lcu lation s of tech n icia n /en g in eer  ra tios .

4, United S tates: both engineers and technicians a re  defined by qua
lifica tion , engineers as degree  h o ld ers  o r  their equivalent, technicians 
as being sch oo led  in a tech n ica l institute o r  jun ior co lle g e  o r  having 
re ce iv e d  the equivalent in in -s e r v ic e  training. A ll p erson s o f these 
qualifications a re  enum erated, w hatever their em ploym ent situation, 
provid ing they a re  requ ired  to use their training in their w ork. The 
technician  c la ss  includes p h ysica l s c ie n ce  technicians and som e b io 
lo g ica l, agricu ltu ra l, and m ed ica l technicians.

5. Soviet Union: engineers a re  defined as p ro fe ss ion a ls  with higher
education; technicians as se m i-p ro fe ss io n a ls  with sp e c ia lise d  secon dary  
education. The definition d isreg a rd s  the job  held and function p e r 
form ed . A lthough the Soviets have enum erated the num ber of p r a c -  
t ica ls  em ployed  in tech n ica l p osition s on an aggregate b a s is , the 
in d u stry -b y -in d u stry  em ploym ent fig u res  include only the p r o 
fess ion a ls  and se m i-p ro fe ss io n a ls .

73


