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With the rapid growth of science and technology the central task of educational institutes is to

prepare students to face the nroblem-solvino situations of tomaorrow. Eforts in makine aualitati
prepare studenls 1o jace Ine pro2iem-Seiving sSHualions Of Iomorrow. Cjjorls in maring quaillative

improvements in the traditional teacher-centred teaching-learning systems have had only
marginal effects, resulling in continued criticism from employers and the dissatisfaction of
students as well as teachers. This paper presents four conceptual models of teaching-learning
designed to provide opportunities to the learner to develop real-life problem-solving abilities

throuch an interactive process. The studv renorted here, which extended over a neriod of 2 vears

roug REFQCIIVE ProCess, D08 SIHAY reporieq aere, HEA EXicnaea over a penod o < years,

has been conducted in four polytechnics in India in collaboration with 62 large- and medium-
scale industries.
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INTRODUCTIO! exploratory teaching-learning whic
the needs of future educational pedagogy, chan

IN THE rapidly changing technological societies of technology and society.
today the skills that are required need to be flexible
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skills from one job to another, or from one industry POLYTECHNIC EDUCATION AND
to another, and should be able to build upon and PEDAGOGIC ISSUES CONCERNING
change their skills in response to demands [1]. POLYTECHNICS

The requirements today are for basic skills,
including skills in thinking logically, in problem Technical education in India operates at three
solving and in handling information, and the levels, namely industrial training institutes offering
development of attitudes such as flexibility and certificate courses; polytechnics offering diploma
willingness to work co-operatively with others. courses; and engineering colleges and technical
Thus the content and methods of education need universities offering degree and post-degree
essentially to prepare students to face the courses. Polytechnics produce middle-level techni-
unknown. cal manpower for occupying various funciionai

The shift that has to take place in the content of positions in industry. Polytechnic education in
teaching is one from empha51s pnmarlly n trans- India was designed to offer generalized courses,
mission of specific items of knowledge that may such as diplomas in civil, mechanical and electrical
scon become obsolete, to one with emphasis on the engineering, which satisfied the initial needs of the
intellectual skills that are applicable to a broad and country for basic infrastructure development for
largely unforeseen repertoire of task situations [2, transport, power generation, etc. [6].
3]. Such education should have cognitive outcomes, Scientific developments, the emergence of new
equipping the students with the skills of lsmm-' areas of technology and increasing economic
thinking, critical analysis, decision making and activity in India have led to rapid industrialization
above all an integrated view of knowledge—needs and consequent adoptlon of modern processes and
that have not been fulfilled by the traditional practices. In this changed context, what Indian
education system [4]. industries, employers and society expect from the
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Evaluation system in the new pedagogy would products of polytechmcs are the possession of
call for extensive examination reforms which now specific knowledge and skills, and the ability to
need to be oriented towards measuring skills of apply such knowledge and skills in new situations,
application of knowledge |[5]. It is the synthesis of and to learn skills and become responsive to

these observations that has led to the concept of an changing needs |3, 4].
The design of the polytechnic education system

and the t}lpp of conrcee nfferad cince indenen-
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1 Professor. dence, however, have remained unchanged, result-

t Director. ing in criticism from the employers about the
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. The salient peda-

ogic i sues facing the polytechmc at present are:
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1. Developing curricula that will meet the func-
tional requirements of polytechnic products in
industry.

Funlvino an annro. n
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to enable them to play the role of agents for
change.
3. Preparing and rnaking available teaching-

[

students

4. Developing an examination system that will
evaluate students on their problem-so
abilities and total personality traits.

5. Providing opportunities for students for self-

development so as to contribute effectively to

cnciety’e neede
SULITLy 5 uctus.

6. Developing a management system in technical
education that will encourage and support
innovations in teaching—iearning.

APPROACHES TOWARDS RESOLVING
THE PEDAGOGIC ISSUES FACING THE

DAY VT ALIRTOG
FULY LLEUILINIVD

From an analysis of the requirements of the
world of work and the existing teacher-centred
teaditinnal cuctarm ~Af Anrricnlam Affarinagg haing
uauliuviial B)’BI.CI.I.I. O1 Curricuiui Ullbllllsﬂ Uvilll,
practised in the polytechnics today [2, 3], what
clearly emerges is that the existing method of
technicai human resource deveiopment wouid not
heln resolve the issues. Efforts to bring gualitative
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improvements in the system keeping the basic
design by and large the same have yielded marginal
benefits [8]. The requirement is, therefore, to
design a teaching-learning system that will force a

change in the long-estabhshed system of teaching-
learning in the polytechnics.

All the nadagnoie igonieg gtatad asarliar ~Aall fAr
4 wiC PpCGAgogic 18sucs stated eariier cau 10T

evolving a new teaching-learning system focused
primarily on the development of problem-solving
abilities in students. Such a system will essentiaily
be oriented towards dpvplnmng r‘ngn'lh\fP abilitie

SlTS AUWRIMS LU VLILpail siii¥e QU

by having students face a vanety of open-ended
problem situations whlle pursmng their studies.
~ e g gy 1L . h IS T -

The above could be achieved ulruugu the follow-
ing two approaches:

® Introducing education—-work linkao as an
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integral part of curriculum design.
lntroducmg the transfer of learning objectives in

fl\n{nn..- PP DS

Lcauthlg—lcdumlg process.
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The first approach envisages opportunities for
develop ng nroblem-golvine comnetence throuoh

To P VRERRMTOUL VAL LULLPLICULT unibust

work experience in real-life situations, while the
second contem mplates similar opportumties in the

"‘\Cut‘"hnnn] gattian Lo-d sl oo | LI J, PR T TR
Istitutional setting but through linkage with the

world of work.

Technical Education
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TEACHING-LEARNING SYSTEMS

ful learning act1v1tles by establ shing interactive
ralatinnching hatuwaan him /har tha tacshar and tha
lblﬂllUllalllPD veLvwoull lllllll 1lvl, UG leavlicl aliua i

employer. The following four conceptual models
are envisaged for this study:

Industrial attachm

ndustrial attachment of students for problem

solving expenence

This model envisages institutional training of
studentis through laboratory and classroom inter-
actions around the prescribed curriculum, fol-
lowed by attachment of students and their teachers
to industries in small groups with spec1f1c problem

accionmante idantifiad hu tha cnanenaring indnes
ﬂbDlslullUllLB Jdviaiuiieu U)’ i D}IUIIBUJIJIE FUSLELR N,

tries. Each group of students, under the guidance of
their teacher, would work for the solution of real-
iife probiems. Industriai experts wouid be avaiiabie
for consultations and also for evaluatine the stu-
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dents. In this circumstance a mutually beneficial
and interactive triangular re]ationship is estab-
lished between the students, the teacher and the
industries. The possible advantages are that the
students will get an opportunity for real-life
problem-solving experience, the teacher will find

tha taclr Af aniding etndante shallanaoing and matio
v asn ui EuluAIIE SLUUILLIWD I.-].l.ﬂl].\v.l.lsl.l.ls Aliul v

vating and could become a future consultant for
industrial problem solving, and industry would
gain by getting soiutions to their probiems, as weii
ag nrenarine better technical manpower for their

GO palpaiillp Uil LLaunal Aliai AL uaatal

future use. The evaluation of students would be
done by the teachers and mdustry usmg multiple

Open-ended, project-based student-teacher

f1undvomront e am intooval nart Af clacernnm
LRVOIVEITIENL as an tnicgrde part U CikS5roonm

teaching-learning
This model envisages open-ended problem solv-

lng as prO_]ect WOTK Wnue pursumg the su D]eC[ inthe
classroom. A problem bank created from the
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environment would form the source of project
assignments to students. Interaction with the spon-
SOHﬁg agencres of pr OjEClS would be in the form of
students visiting work-places for collection of basic
data, the delivery of subject-related extension
lectures by industrial experts, followed by group

diconceinn and svaliatinn af etndente’ warlk and
UIDLUIIIVIL, dliU LVAIUuduuUll Ul JLuuviile ywuiln alid

provision of feedback. The teacher will, in addition
to teaching the subject content, have the responsi-
bility of guiding the students in their project activi-

Institution-based self learning through teacher-
developed graded exercises/tasks

In this model graded exercises/tasks prepared
around the course content would form the instruc-
tional material for the students to work on. The

avarmcicac /tacke wanld anahla ctiidante warl at thair
CACLILCIOUY/ LAORD YWUUIU VIIAUIV OLUUVIILD VWWULL AL LIl
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own pace OI learmng, mteracx VVl[h il eir teachers
and receive feedback. Periodic eroun discussion

and enrichment lectures by the teachers would
provide the opportunity for students to interact
meaningfully with the teachers as well as amongst
themselves. Evaluation of students would be done
by suitable industrial experts and teachers, who
would assess students’ achievements and provide
feedhack

Ivcuvaui

CI

Students’ attachment for project activity in
functional areas in relevant industries
This model pnvmaopc apmnuhnn of basic knowl-

edge and skills of a functional curriculum through
institutional training, followed by attachment to
relevant industries to work as ‘interns’ under the
guidance of an industrial supervisor to gain real-life
problem-solving experience. Related learning ref-
erence material provided to students would help

tham ctranathan thair nindarctanding Aaf tha ciihiant
iv1il Dl.l\.d.l.El.l.l.\.rl.]. vl Juiuvla DI.GII.\.III.I.E UL i OUUJ.UUL

while assisting the supervisor in his or her tasks.
Figure 1 shows the above conceptual models.

Modet 1 Modei 2

Experiments were conducted according to each
of the models, the detalls of Wthh are given m
Table 1. In experiments 1 and 4 the placement of
students in industries were made such that the
students could travel daily from their normal places
of residence. Industries in Experiment 2 were
situated in the neighbourhood of the polytechnics.
The selection of polytechnics, the students and
teachers was made on a voluntary basis. Out of
over 100 industries contacted, 70 agreed to col-
laborate, However, only 62 |nr‘ncfr19c could actu-

aUvvLiaws. y MLy VL SIS VUL AL

ally be involved. The students in experiment 1
belonged to the discipline of civil, mechanical and
elecirical and archiiectural assistaniship, while for
experiments 2-4 the students were of electrical
engineering discipline. The subjects of study in
experiments 2—-4 were electrical design estimating
and Cthlﬁg, electrical ui‘«'i"w’ulg, and electrical
machines respectively. In experiments 1-3 the

existing curriculum was used for instruction. For

Model 3 Model 4

institutional training and
Placement in work open-ended projects as
benches for problem integral part of
solving curriculum

l\lllullUIldl lfdll'l]l'lé and

insittuilonai training in
functional curriculum
and internship in
industry

institutional training for

study of subject through
teacher-made
exercises/tasks

Student input Student input

institution-based
/ teaching-learning in \
( classrooms and workshops J
around the existing generalized

/ * AN
curriculum / Institution- \
based acquisition
S~ { of basic knowledge \
and skill followed
by institution-based
Yy project activity as
P part of curriculum
having mteractlon
with industry /

/ Attachmant of \
Attacament ¢

( _ .studemandt.eiachersm \ \ /
naust n prooliem- \Y

RS N

| |

 J ¢

Student input Student input

¥

Acquisition of
basic knowledge and skill

for a functional curriculum

Use of through institutional

/ adx_'ance \ \ training

organizers for \—/

creating relevance
and presentation of

! structure of the

subject followed by ]

self-learning through P
\ teacher-made / / \
graded
exercises/tasks Internship in industry \
\ / \ in functionai areas /

I —

Y Y

M)

Evaluation (by faculty and industry experts) of students for problem-solving abilities and feedback \

| I

Y v

v v

Student output

Student output Student output Student output

Models 1 and 4 are based on education—work linkage as an integral part of curriculum design, while models 2 and 3 are based on

teancfar Af lansrming aliaasd PR R YRP, A SR Py S

Lidlidivi Ul ivaliulp vujce ive ill UIC wWaclluig=ical g pn OCESS.

Fig. i Four conceptual modeis for deveioping problem-soiving abilities in students. Modeis 1 and 4 are based on education-work
linkage as an integral part of curriculum design, while models 2 and 3 are based on transfer of learning objective in the teaching-learning
process.
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Model 1 Model 2 Model 3 Model 4

Number of polytechnics

involved 4 i 1 1
Number of students

involved 85 132 42 13
Number of industries

involved 35 22 2 3
Number of teachers

involved 17 6 2 2
Duration of conduct of

the experiments 8 weeks 3 sem* I sem 8 weeks

" sem = semester (1 semester = 16 weeks).

required course materral were developed through
task analysis in seven related industries Evaluation
of students was made jointly by the teacher and
industrial expert through multiple objective eval-
uation instruments. The evaluation instruments
were aimed at judging the students’ abilities in

tarmec nf knnwladaos af cancente and their annlica-
w11Io vi l\llU“l\-Us\- vl \—Ull\-\vl}tO aliud uiivil ul_lljll\.u

tions, intellectual ability, creativeness and original-
ity in conceiving new ideas and suggesting suitable
soiutions to probiems, professionai judgement,
documentation and cplf-ctnrlv cplf—pxnrpc:mn

initiative in learning, and self—rehance. There was
full-time teacher involvement in experiments 1-3,
while in experimem 4 a teacher uc‘;l[ﬁéu students
develop basic knowledge and skill through institu-
tional training and visited the students in industry

twice a week to participate in group discussions

The results of the experiments were recorded on
the basis of students’ achievements and their
reactions, industries’ response, and feedback from
teachers. The results are stated in

outcome and requirements.

t.’:l-

1. 80% of the students could complete the projects
io the satisfaction of industry in the stipuiated

2. All students learned the approach to open-

ended problem solving

All industries showed willingness to receive

students on a regular basis.

4. Improved behavioural response observed in all
the students.

S, QAOI’ of taach

[#8]

). 24% of teachers expressed their preference of
the new pedagogy over the prevailing method
(B) Requirements

1. Both industry and students stressed that the
full-time involvement of a teacher in project

ndance wae acaantial
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Polytechnic curricula
tield requirements.
3. Polytechmcs need to plan for involvement of a

large number of industries so as to accom-
modate all the students.

4. Polytechnics need to prepare a ‘problem bank’
by consulting industries, prepare profiles of
students and place students in industry accord-
ing to industries’ requirements and students’

interest.

need revicio
need revision

uxpenmemz Open enaea pr()jectb asan iniegr
part nf curriculum

(A) Outcome
. Pro;ect output of use to all the collaborating
industries.
2. Skill development and also better understand-
ing of subject as indicated by improved learner
performance in the examination conducted by

Ranrd Af Torhnical Educatinn ftha dinlama-
oGara G aeinnifa: CGudanin (ind Gipioina

awarding authority).
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1. Ne d for establishing linkage with industry.

2. Teachers need to have periodic attachment to
industry in order to keep up to date with techno-

looical develonments so that thev can FFfPrh\_fPl\f

Ugitar U VLIV PINTIIS SV Gy vty LG LRl

guide students in their project activities.

Experiment 3: Use of teacher-made graded

exercisesftasks in classroom instruction

(A) Outcome

1. Improved student performance in examinations
conducted by Board of Technical Education.

2. Improved overall motivation of the class to-

wards learning,
3. Performance of students in evaluanon for

transfer of learnin, g

OILY S¢
4. Poor correlation of stude core in examina-
y

S S
tions conducted by the Board of Technical
Education and the scores obtained in problem
solving.
5. Performance of students belonging to upper
group (classified according to academic track
record at the entry level) has been better than

tha lawar aronn
LG IU YOI RiUMR,
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B) Requirements
Graded exercises/tasks need to have similarity
with real-life problems.
Teachers need to involve industry in prepara-
tion of exercises/tasks.
Need for curriculum revision as per field prac-

tices.

o =

won

Fynoerimont 4 Stuudont a
LAplieretiee T Jialll b

areas in industries

(A) Outcome

1. Both industries and students found curriculum
relevant to the needs of students

2. Industry found students a help rather than a
burden.
Improved siude
observed.

. Better learning of subject matter as students
performed better as compared to students

tannaht anly thranah irots 1anal_hacad
Laugrit Uity uiiUugii IS i0nai-oascqa,

teacher-centred learning.
5. Students who underwent this experiment
showed better performance in terms of under-

qtnnr‘rng of the subiect as well ag in terms of

Sudiatiail uis sSuUjTiy as QS 111 eriias Ui

criterion of selection of students by industry for
employment.

35%3 of the content of the ’xrsting CUITICl
could be deleted from the institutional training
requirement

. Internship in one functional area equrpped
students with practical skills to take up assign-
ments in other functional areas. Relative time
taken by students for functional mobility was

less as compared to time taken by students who

have nnlv oone thronoh inctitutinnal trainino
0ave Oy gOne ullfOugn HIsuhUuOna: rallling,

. Polytechnics needed facilities in laboratories
and workshops for development of basic skills
only, thereby reducing the cost of infrastructure
renmrement
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1 Polytechmcs need to put extra effort to develop
functional curriculum with the involvement of
empioyers.

2. Teachers need to develop students’ reference
material for use in industry.

3. Po]ytechnics need to plan student attachment in
. PR | P R S g -7 Py RpSRy———

Icidaicua uluubu I.Ch d.llu HHNUILLUL PIOVEITSS Ul ngll
faculty visits.

CHOICE OF MODELS IN TERMS OF THE

DM AMNNAATO TIQQY IRG
I LIAUUULIU IDOULD

Model 4 answers all the pedagogic issues in
terms of curriculum requirement, learner opportu-

nitiac inctruntianal matarial  raaniramant and
ALV, LLuuvuviiar 1iawviial l‘/l.lullblll\.d.lt aliu

evaluation of students. However, the management
have to put in extra effort by involving the faculty in
deveioping a functionai curricuium and students’

reference material hv interactino with industrv. and

ATATA VAV LGV AGE Uy aiitvi Glouiiig i unuuu;aJ [<1 8183

to find places of internship for students in industry
as well as monitoring students’ progress. Thus the
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Model 1 answers the needs of all the issues

except the Curnculum requirement and planning

tha nart ~f mnalutanhnin far ctindant and fannlés

Oon UIC pau Ol }JUI.yI.CLHJilL 1IUL dSLudcliie alug lﬂ.l.l.lll.y

attachment in industries as part of the curriculum
requirement.

Both models 1 and 4 can be implemented

without inereacino t I'\ otal duratinn of nn]\rtpr‘hnrn
WILNROUL INCTCasinng in e total duration of PO yreCnnic

courses as certain institutional efforts in terms of
the curricula may be dispensed with and these
resources shifted to periods spent by students in
mduqtrv This glveq better results and at the same

time optlmlzes the infrastructure developmental
requirement within the institute.

Model 2 responds to all the pedagogic issues
except that it involves a heavy demand on teacher
preparation in terms of equipping them with
knowledge of technological developments in

inductry and ectahlichinog linkaosc with the anviran-
HIGEUSU Y AU COMAULISIIMILE IIIRGELS Wil Ui Ll vii Ul

ment for developing and updating a problem bank.
With such an effort it is also possible, with the help
of teachers, to impiement required changes in the
P)’IQI’InO curricula

Model 3 has limitations inherent in the design as
the exercises or tasks are only real-life like in
nature. llll\ Cxpeﬁel‘lce l'ﬁ lllle[‘i()r io l[lC ICdI l]lC
experience available in the other three models.
Design and development of exercises demands that

teachers devote time to preparatory work. The

anality of avnariance ite trangfar valiie and gtino
Huﬂlll] i LrAtJLal.lbll\.'\,, II.D ualsivi vailug, aliu sSwu

dents’ motivation will depend greatly on the quality
of the assignments and tasks formulated by the
teacher.

The involvement of industries

aaic il 1w L9 4 § L6 18 mn curricuium

revision and in preparation of exercises/tasks
would i improve the transfer value of such exercises
N R I E R R, -

dIlU ldbl\b UIess
blend of curriculum develop
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managers.
Models 1, 2 and 4 offer the possibility of students

ranattIn g A Aataru Tna res W shila ;marvcising ofind

FECEIVing moneiary incentives while Pursuiing siua-
ies in polytechnics (35% of students received
monetary incentives and others received letters of
appreciation from industry in the experimentai
chlr‘hr\ Maodels 1 and 4 have the added advantace

Sualay Avalluvas a4 auia HAYL LU QULtU QauYainiagy

over models 2 and 3 in the sense that they bring
students in close contact with industries, provrde

opportunities for students to get en nployment by
demonstrating their abilities. and help industries

1
monstrating thei s, and help industries
observe students closely over a period of time and
make employment selection in their own organiza-
tion.

Models 1 and 4 are therefore recommended to
be used for curriculum implementation of the final
year of the diploma course, while models 2 and 3

are racommended for eurrenlum imnlementation
are recommenced Ior curncuium mmpiementation

of the first and second year, where students could
be prepared for their performance in problem

SOlVlIlg when placea lIl lnuustry and InereDy derive
monetary incentives as well as get emnlnvment

assurance.
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Decreasing student motivation in learning,
employer dissatisfaction in the quality of output of

tearhere finding their 1ah

technical institutes, teachers anaGing wiclry joo

LCLILILIVAL  TLIOLILULG O,
devoid of much challenge, and increasing resource
constraints on expanding institutional infrastruc-
ture deveiopment, demand evoiving innovative
systems of ff-m‘hmo Ienrmna that will rpcnnnd to

the requirements of employers and the asplranons
of students

The models described in this paper are some of
the alternatives to the existing teacher-centred
purely institutional-based teaching-learning being
carried out in most of the institutions in India and

aleaurhara
(il g § il L e

A fiexible approach on the part of managements
in encouraging constant innovations in teaching—

learning will hopefully ang an atmos osphere of
change within the system and thus develop a curri-

ruliim nrncace that ~ran racnnnd tha naade ~F
vuiui PLUUUOD uiar vaii ICDPUILU lU lllc Hnoeocud vl

society vis-d-vis the students.
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