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The engineering profession has made great progress on the road
towards efficient uti:ization of natural resources. If all engineering
teachers could measure up to the ideal since teschers being an essential
in the educational process, with knowledge of effective methods of teaching
and of the Psychology of learning, the profession could advance still
further, and in addition could greatly improve its use of human resources.
The professional development of engineering teachers is to be furthered
since,the charge some times ig that engineers are not interested in
methods of teaching and some feel that the entire emphasis of the
training of an engineering teacher should be on subject matter rather
than on methods of teaching. Hence the process of orienting the
engineering teacher to his teaching work is highly important. An
engineering teacher must show growth not only as an engineer, but also
of at least equal importance in ability as a teachor.

One of the fundamental problems in increasing the prestige
and improving the status of teaching is to make the profession acutely
aware of the tremendous area in teaching, methods and techniques,
psychology and sociology of learning and teaching, which remains
unexplored, to make it aware of the great opportunity for research and
creative thinking within the classroom itself, As such while recognising
the greater need for orienting the engineering teachers to new methods
and techniques in teaching a two-fold crisis is rapidly approaching
in engineering education, On the one hand even as the need matures
for many more engineering teachers to handle the wave of students
because of many new colleges coming up, we find ourselves in a grim
but losing competition with industry for the services of our engineering
graduates and even of our present staff members of the colleges.

On the other ‘and, the need is growing for a new type of
engineer of sufficient breadth, depth and versality to develop the
technologies nececssary to utilize the new discoveries that modern
science is showering upon us. .his calls for a uniquely qualified
type of engineering teacher, Hence there is a need for adequate training
of teachers for this dawning new cra in engineering education. Such a
preparation should make them alcrt to new ideas and techniques and a
propensity for stimulating their students to apply them imaginatively;
meke them crcative in the practice of their profession, creative in
their approach to teaching who can stimulate creativity in their
students,

With this end in view the ihegional College of Education, Mysore,
and Sri Jayschamarajendra College of Engincering, developed a programme
on engineering teaching to familiarise the engineering teachers with
the methods and principles of teaching and learning.

The training or orientat-on programmc includes arcas on principles
of pedagogy, objectives of engincering education, curriculum planning,
advanced educational psychology, models of teaching, students! motivation,
evaluation of students! progress, pcrsonal relation, micro-teaching in
skill developmcnt, stress and strain on college campus, improving
labyretory and workshop practices, new concepts in methodogogy of
teaching and training, philosophy and sociology of engineering education,
instructional technology and communication skills and the like, The
programme also covercd perspcctives and philosophy, knowledge of the
learner and learning process, mancgement of learning and learning
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resources, communication techniques and strategies, tools and techniques
of evaluation, human relationships and classroom management,

The four weck long programme employed various techniques and
stratezies, lecture-cum-discussion, panel discussions, seminars,
film shows, work sessions and field trips.

The Summer School on Mcthodology of Teaching and Training for
teachurs of Engineering College with such impressive programme has
become* possible with the generous support and assistance of the Indian
Society for Technical smducation which is ackiowledged with grateful
thanks. >

The Summer School programic and the materials contained herein
is sure to open up new frontiers and concepts for every one interested
in this vital task of improving engineering education and stimulate and
inspire the novice as well as expericnced engineering teachers who
wish to mature and improve teaching.

D:.. K.P. NAYAK
Pi.OF. M.H. Di.ANANJAYA

Co-~ordinators



WHAT IS ANGINEZRING AND SCIENCE - - PJILOSO2HY

Dr, K.?. Nayak

Every satellite that goes into orbit, we often hear, is a
vinntific success; while every one that does not is'an Eugineeriﬂg
friture,  Statement of this sort cen exist because pcoole seem not
‘o .now or to understand the difference between science and Engincuring

dhat then, is cngineering and what then is science?

Even though it is sometimes difficult to draw thc distinetion

L%'géfual nractice: sclence and éhglneeringzre clearly not the same
't:ing. Science aims at the discovery, verification, and organisatiou
of fact's and ‘information, . Its goel is an undérstanding of the world
we live in and of owurselves as part of that world It seeks truth
~a:. knowledge, The scientists puts nature under hlS miscroscooe to
*:scover how 1t ‘behsves and why it behaves that way., Having done tiais,
“- sceks to ordeér' the' facts he 1iscovers into. general or

‘r Vcrsal laws ‘through induction and hypothesis - laws that can stani
es ac accurate, qualtitative description. of the organisation and

n“:ration of . ‘nature.

Science is 'the explanation of the material universe for the
wirvose of seeking orderly exnlanation of objects and events,

Ye get science 'f;om the old French word meaning ' to know':
‘“Iingineering' deryves from“the old French word meaning 'to oroduce’,
To- an engineer knwwledge is not an end in itself but is simoly the

w2y m terial from which he fashions structures,machines, and proces-i-
eegos. He directs his attention orime'rily not to the discovery of
facts and information but to their anplication and utilization, His
tesk s to take the knowledge acquired through the study of an
+risting system - that is, nature,- and use it to design a new .
;stem to serve a human purnosc, The fulfilment of the basic needs
- . tood, shelter and’ clothing are basic to the engineering, with

v agis an Derformance.

If science is basically analytical, engineering is basically
‘ative, If the chéaracteristic, method of the scientists is inductin.
that of the engineer is deluct on. If understanding is the
e goal of the scientists, then utilization is the basic goal of
sngineer .

Study ani investigation take ‘ae scientist in the direction o:

‘rovery; nractice and annlicatinon and utilization of knowledg: ¢
<+ engineer towards creation,
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Even thugh a clear-cut distidction can be made, science and
engineering do not exist in senarate vacum mutually exclusive of each:
other, "The fact that engineering denends ubon science for the raw
material from which it createg its designs is clearly understood.
Science denends unon engineering for the tools with which to carry
out its investigathions, The sceintific étudy of atomic behaviour in -
nroducing the light and heat of the stars resialted in information that
made it possible for engineers to design reactors, These reactors,
in turn, permitted the scientists to refine their knowledge, producing
information that enabled the engineers to harness nuclear energy in
generating electricity, in oreserv1ng foods, and the like, The design
of huge electronic computers, an engineering achievement, has opened
up vast new fields of fdauiry for the scientists, Scientific investi-
gations into solid-state nhysics are onening un comolétely new areas
of anplication for engineers. |

In recent years there has been much confusion between the
terms 'Scientist' and 'engineer' If a distinction can be made we can
say that the functiqn of the scientist is nrimarily one of analysis.
He seeks to know if a certaid state of conditions exist, what would
follow, what are the natural consequences, The nrimary problem of
the engineer is one of synthesis; he wishes to find hat conditions
must be assembled in order to make a desired result follow. This
means that the engineer must interate from the world of knowledge all
the methods of attack which may bé brought to bear on the problem,;
Synthesis is necessarily an art. A4ll fhis indicate that one of the
fundamental problems in engineeriﬁg education is how to develon the
ability to transfer ideas learned from the solution of one set of
problems to an attack on a totally new set of vroblens,

We must recognize that knowledge, in'and of itself, is sterile
and useless unless it is put to use., It becomes important only
after it has been nut to use in the affairs of man., This is the
job for which engineers are soecially trained. This is the work

to which they are omitted., No oune else can to it as well as they.

The distinction between scientists and éngineeré draws
ettention to the essential moral obligations, A4lthough scientists
share with other human beings certain moral obligations, the gathering
of facts and information is not in itself, an activity that involves
morality. Facts and information are morally neutral. They could

be used to advance evil puronoses ani virtuous ones.
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WHAT IS ENGINEERING

ingineering,is what an engineer does,

- The label "Bnginec :* and the attendant job
functions .and resoonsibilities differ from
place tc place and from time to time,

Engineering is professional practice \
and is not just an. academic~studv of technical
-princinles and technigues.

e is a wide spectrum of functions nerformed by an
Engineer like research, develonment, design, construction,
ooeration, production, maidtenande, testing, teaching. Engine:
ing is not network of formulae, data and rules bound to some-
thing. The engineering activities are based on the principles
of.sedences and combined aporonriately with experience and .
judgement and thus engineering praetice demands an extensive
base of science and reasonable quantum of exoerience, reasoning
and judgement.

The activities of engineering are not the usual routine’
or repetitious ones; but they imnly innovation, synthesis and
creativityr,

Scierce has as its goal - an understanding of nature and
its phenomelon ani how they ooerate i.e., the role of a
scientist ic that of a secker of knowledge through study and
enguiry and ;nvestigation and1 generally adopting the methods
that are induative in character and imply hynothesising., The
basic function would he that of analysis and the end is the
knowledge an1 understanding of how nature onerates ani is
organised, The entire attention is directed to the discovery
of laws or principles and theories tbat can explain the observa-
tions of the natural phenomena and helving one to predict their
occurance., In other words, science seeks to know when a certain
state of conditions exist, what would follow and what are the
natural rensequences,

Contrasted with this, the goal of engineering is the
creation of devices an? facilities to satisfy in a better way a
known human need, The role of an engineer is thus innovative
and creative in character, adopting the anoroach of application
of the verified scientilic laws and based on the experience of
the earlier practices. Thus, the knowledge of science found
out, organised and class.fied systematically is the raw-material
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for an engineer to fashion out things required by human society,
Thus, his a*tention is mainly d rected to the creative utilisa-
tion of knowledge through synthesis, Thus, engineering practice
attemots to find out what conditions must be assembled in order

to obtain the desired result.

Thus, engineering is:committel to the t ranslation of
theory into reality, Such an activity by its very nature impnlies
®ethics"; hence, the knowledge has to be anolied with judgement
in accordance with the-values prevalent in a given society at a
given time, . Thus, the focus is not merely on what could be done
but more imnortantly on what should be dane,

Earlier, their was quite a lot of time-gap between the
discovery of a scientific law orx princiole and their aoolication'
in Engineering. Now-a-days, this time-lag is very short. Thus,
engineers of today are exnected to be equinped with training'and
talent to effect a rapid transition from a scientifie discovery

to engineering creation,

An engineer engaged in research will direct most of his
attention to the diséovery of new facts and principles about
systems and to identify those that lend themselves to further
development, Thus, now ideas are conceived, Bngineering
develooment focuses its effort on the evaluation of alternative
solutions that can be thought of and these new ideas of engineer-
ing research are brought to a safe stage of feasibility and thus
concerns itself with working out chance-vossibilities to design
lmprovement, Bngineering design as the name implies performs the
actual design of new sysfems and the facilities giving the speci?
fications, Thus, the function involves the application of new
and verified princinles to a concrete use on the basis of the
ideas of research and development. Jesign is considered to be
the heart of engineering and characterises it.

As a part of the design activity, engineering adopts the
technique of ontimisation and the trade-off amongst the confli-
cting narameters that may be involved in 8 solution to solve

the problem on hand.

A technician is normally expected to perform routine
tasks relying on.estahlishedl technigues which are generally
accepted by gavup. .1y change in &n established technique
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can only be suggested by an engineer., An engineer because of

Wis training and ability will be able to transfer himself
adequately and shift aooronriately to any new - situations not
covered by the usual -rescriptions and the prevailing established
techniques, 4s a nrofessional, engineer creates his own opera-
tional rule based on theory and orincinles and also discovers and
uses refined techniques., 3ut, an engineer is not just a revosi-
tory of information and techniques end engineering is not
knowledge and techniques recorded and systematically organised.
Of late, engineering functions take the form of coopnerative team

work and pnroject work,

Engineering activities comorise of study of technical
literature, analysis at desk, investigation in laboratory, visual
thinking and communication, recort writing, project work, design,
ootimisation, and decision making. ©Engineering is thus "the
pursuit of the possible, always the necessary and seldom the

nerfect",

The tyoical functions, nerformance, regquirements, work
responsibilities, creative ability,, intelligent judgement, concern
for the huwan good, sensitivity to finding the needs in a given
environment 2nd such other personal characteristics of an engineer
nave been listed above, in a way identifying the task and the
elements of tasks which differentiate the profession of engineering
from that of a scientist on one side and the technician on the
other,

%% o7 Jo T
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TACANICAL ZDUCATION IN

TH3 ZMERGING INDIA

i
¢

Three decades of the posf indenendent ara of India has seen

impressive strides wede in allF - walks of 1ife, If the food
production has more than doubled, industrial production has in-
creased more than 4 times: aud power generation has gone up many-

fold, Naturally a sound base has been pnrenmared for Science and
Technology. In fact the Science and Technological growth of the
country is reflected by the develooments mentioned above, 3ut

there is no ascane from noting the fact that in spite of thesec
megnificient develoopments, more than half the population of the
country is below the poverty line even after 30 years of indenendencc,

India is a land of wide differences and contrasts, 3ullock
carts and Jet planes ply simultaneously in this country, There eare
a large number of illiterates and semi skilled persons simulta-
neously living and working with Scientists with knowledge comperable

to the best in the world, The very fact that we have been able

to earn a place in the map of space technology as the 6th nation
in“the world, by orbitting a satelite is a testimony to the -
ability of teehnologists in the field of develobed science, It

is also a tribute to the ability of the scientists of this country
to have mastered the most comnlicated intricate and asonhiscated
space technology,

India is now ranked third in the world to have the largest
nunber of trained technical nersonnel and ranks among the first
ten major industrialised countries in the world., A4 looked at the
number of technical personnel available shows a 7 to 8 times
increase in their availability comnared to what it was 25 years

ago.

The very contrasts cited above indicate a need for great
thought to be devoted by technical educationists as to how best
we can imorove and imvart technical knowledge which is going to
be of immediate use to the country.

Technical Education has assumed an important role in the
develonment of the country and as such technical education has
increased many-folds in the ‘past two decades, I might say that
the technical education in our country has exnloded instead of
being expanded in the past 25 years,; Several Five year nlans,

nlanning cowmission, man-power estimates and other organisations
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hav le and evergy to predict the needs of the
cou ide the planning of technical education in
OUY wewmwna se =—=- --—2 how or o.aer, there seeus to be some

communication gap between the two, i,e, man power commission and
other organisations connected with it and the olanners of technicel
education, A clear:. example of the significance of the statement
is the glut of engineers that took place in 68-70 and the possible
revercussions that we in Karnataka will face in 1984-85, The
intelligensia of the country have been discussing the pros anid coas
of the expansion of the technical education, the type of education
that is required for the future and the associated problems, The
Institution of Engineers (India) had arranged a big seminar in

this connection wherein several ideas and suggestions have been
noted.

Some-of the salient points that need our concerted effort

to analyse are:

1, An analysis of the existing type of technical education,
its merits and dewmerits,

2, Whether the present mode of education is suitable in
future, if so how lon , if not when the change is
required, Once the change is contemplated what will
be the type of change.

To appreciate and understand the @ove statement we have to
note that the world is changing rapidly., There is a wide gap
between the developed country and the developing coutry. The
progress in technology of developed countries is so graat that
unless we in develoning countries make some spnecial effort to
by-pass the conventional methods of study, it will never be
possible for us to cateh up with the development taking place in
the advanced world. This almost leads us to wonder whether there
will be a situation resulting in collaosé of conventional method
of education imparting basié concents before the student becones
eligible for higher knowledge.

The other important feature, that bothers many of us is
the diminishing reserve of natural resources in the world parti-
cularly in the light of advanced technological develonment,
Commercial sources of cnergy of limited stock are being exhausted
at a very rapid rate resulting in a big quest_.on as to what woull
hapoen to the future generations‘in the next century, This would
naturally remind everv educationist that it is Lime that our
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education must also 1ncornorate the education as to how best weg
can ontimise 'the’ use/ex1st1ng natural resources such that we can
stretch their availability to a very long period simultaneously
go in quest of new resaurces. Thus techn 2al education of the
future is almost wedz 2 ©° ¢ wide c.ccorum of speculation on
ontimal use of the existing resources and needs for development
of new resources for future,

. The Technical Education in our country is broadly classifiea
into three sections -(1) 3Zducation of the highest. standard to‘
the highest level awarded by prestigeous institutes of technology
and similar education imparted by the Regional Engineering Colleges
and Bngineering colleges of long standing, (2) Technical
Education at the Diploma level by the Polytechnics and (3) skillead
workmen training at .1.T.I; lsvel, The demand for all typoes of
technicians from I.T.I, tod Ph.D's is increasing, but of late the
demand is in specific fields rather than general, Thus the
primary need for the future technological training wuld be to

. idenfify the possible fields where different levels of knowledge
of technology are required and fashion our education to suit these
specific needs. A few enthusiastic oroohets have enunciated d egree
ofadvanced ctudies in new ewerg® 'g branches lik2> Energy ZEnginecring,
Snvironment Engineering, Space Yngineering, Rural Engineering:
and 'Human Engineering. But there is no dispute about the fact
that whatever technology you would like to impart or acquire
should be made aveilable to the "majority" - that is the
rural sector. Therefore the term annrooriate technology or mor¢
snecifically rural technology demand greater immortants in the
future planning., Just like a bare-foot doctor, a bear-foot
engineer is the need of the day. 1In fact aooroofiate technology,

d term coined by the peonle interested in the field which has
raised several' questions of controversies is worthy of discussion.
There is a school of thought which believes that whatever techno-
logy we have now is the appropriate technology. But several
others contend that the technology develdped, which will enable
us to use the available materials at different locations to be
more useful to the artisons in the villages so that their
nroducts are more sophisticated. Long lasting, less laborious

is defined as approobriate technology.

One other importart feature that most of us have been
talking about is the in‘ter actio: between the Ei gineeriog Insti-
tutions and the industiies on the involvement of the institution

in the engineering deval opments taking nlace in a region. It is
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truely a sad stats of affairs that the institutions, develooment
authorities and the industries are sealed in insulated compartments
without any repport between them., thereby nullifying possible

o

outcome of evolution ¢ 7 an appronriate teciinology and its d evelonment.
There has been a feeling of dissatisfaction or semi dissatis-
taction in the type of education imparted by the t echnical Institu-
tions in the country., The main objection come from the industires
who absorb the graduates and the contention is that the .  education
imparted in the institutions is not of immediate use, but in fact
this particular comnlint has been existing eversince the Universities
have been imnarting technical education, Most of the peonle who
have contributed to the treaendous develooment to the country have
gone through the portals of these institutions only, undergoing
this tyne of standardised education, Naturally this leads to the
fundamental belief that the duty of the university is to techaically
equip an individual so that he will be able to have a GRASP OF
TdZ 34SICS of all subjects conunected with technology. It has
not been the effort of. any technical institution to impart
particularased training to graduates for them to end up as a
special machinist or designecr. All the while it is the effort of
Colleges to nroduce "General Engineers" with enough knowledge and
ability to adoot themselves to suit the requirements of a marticular
individual. or facfory where they join, By and large an Engineer
who is found to be not at all adequately suited to a particular
industry at the beginning'becomes a big contributor to the produ-
ction, and development within 6 months of training, Thus we can
say that there is no bagic lacuna in the methodology adopted by
the institutions in imparting technical education.

A statisfical analysis of the employment potential of the
graduates coming out of the technical Institutions presents a
very peculiar picture. Nearly .:80% of the graduates are a bsorbed
as maintenanée engineers; where as 10 to 15% go as sales engineers
while 10 to 5% will be production engineers, designers or enter
Research and Develbpment establishments, Thus' we note that a
majority of the product is absorbed in maintenance which according
to us is a routine matter. Many maintenance engineers have felt
that all the knowledge they acquire . . through strenous study
and training is of no significant use to them in their a vocation
and, for a sales edgineer the degree is onlv a passnort to enter
into a orofession. 1In the light of this, every educationist nust
give a tremendous amount of thought as to what our curricullunm

for engineers should bhe.
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But engineering is funiamentally committed to the translation
of scientific facts and information to create machines, structures,
materials, orocesses, and the like that can be used by men, This is,
by its very nature, an activity that does involve morality. This
fact has been acceoted &ad rééoghiséi by lealing engineerrs., One of
the definition of engineering itself states’'that 'engineering is the
nrofession in which knowledge is aonlied with judgement for the
nrogressive well-being of mankind', This mcans that engineering is
nore than 'Know how' and more than 'craftsmanship with less emnhasis
)a creative aspects: The pharses 'with, judgement' and progressive
vell-being of mankind' involves more;tﬁan know how'., They involve
social decisions, They .involve leadership in what should be done as
well as in what could be done, They involve civilization and for
the sort of lives we live in it,

This distinction has definite implications for the training of
Engineeré. Therefore the engineering student must be given' the
oooortunity to nractice and to learn design, to create something new,
rather than to exblore why ﬁbw soméfhing works that laready exists,
A pverson does not become an engineer by studying the procedures of
science, He learns if he is going to 1learn through the successful
comnletion of a design nroblem,

To plan any program of education pronerly, however, it is
necessary to have an-.idea of and to take into account the various
tynes of“wofk performed by the gradutes of that orogram. One must
also establish a definition of engineering. One-:such definition is
as fbllows:w

"Engineering encompasses’the annlication of the various princinles
of the science, combined with experience, to the study,:. design and
development of engineering systems composed of circuits, energy
converters, sturctures and orocesses in various combinations, It is
concerned with the analysis, syntﬁesis and orediction of the
behaviour of these systéms under 'specified conditions, in terms of
function, nerSonnel; cost, materials, time and safety. It is
concerned further with the welfare of menkind, individuality and
collectively, and directs its efforts in pursuing the above activi-
ties towards an improvement of man's welfare, conveniences and
standard of life",

Graduates of a programme designed to conform to this definition
will do widely varied tyoes of wor'', It has been nostulated that

taey may, however, be divided roughly into five general grouns.:



a) The Engineer - scientist:

Those "‘engineers are creative and devote their major attention to
thé discovery of new facts about engineering systems and to the
recognition of those scientific facts which will lend themselves to

engineering devélooment,

b) The creative design engineers

These are the individuals who actually desigd new engineering

systems and put newly discovered princionles to use,

c) The functional engineer:

These are the engineers who emnloy orthodox methods and
established princinles in the design of conventional details of manu-
facturing plants and public utilities, and they build, overate and
maintain those plants and the related equioment.

1) The engineer technician:

These engineers devete their attention to the wmore' routine tasks
and as testing, inspection and analysis.,

e) Engineering graduates in on - engineering work:
A large number of engineers in each of the above categories find

themselves, administrative executive or ownership nosts in industry,
government and utilities,

In designing a orogram and imnlementing that program engineering
faculties immediately find themselves in a dilema, It is generally
felt by educators and representatives of industries employing the
majority of engineers that curricula - can be devised which incorporate
the philosophies above and which will come reasonably close to

satisfying the needs of all concerned,

Thére are lessons to be learned here, also by the faculties of
our Bngineering Colleges., To guide their students, teachers of
Gngineering should know the distinctions between science and Engineer-
ing and the above five general grouns andi maintain their oroficiency
=~ apngineers, This means that they must continue to nractice engineer-
ing - thal 1s iwav must continue to be involved in the dewign and
creation of new machines, wa. gystems, and the like, Teachers of

engineering to be most effective in their teaching, shouli also be
nracticing engineers, in a nosition t0 »ce «r1 vavertcoce at TIrst

hani the solution of difficult design nroblems by competent practicing
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If the knowledge we discover is to mean anything to us, is
to be of any value to us, we “ust continue to honour ani to

teach its use through creative engineering design,

Experience in some Universities like the State University
of Iowa which instituted an annroach to the improvement of
Engineering education provided orogrammes to familiarize the
faculty with the methods and onrincinles of teaching and learning
and this has produced results in bringing excellence in Bngineer-

ing education,

Based on this aporoach and ohilosoohy and with this
concept of engineering = what it means, engineers could make a

definite effort to improve engineering education,

- - =



PANZL DISCUSSION PROAEMS OF BNUINLLALNG L LoALOLS
REPORT REGAADING

Principal M.d.Dhananjaya, as the moderator of the oanel,
started the discussi a2 on the subject, ‘e broadly classified
problems of Engineering Teachers, and led the discussion. He
was of the ooinion that the major nroblems faced by an Engineer-
ing Teacher could be - classifkted as Academic, Social and

Adninistrative,

Prof. Rame Gowda, siressed the need of a good library
with lots of journals so as to enable the teacher to update
his knowledge. He suggested that the Sabatical leave should
also be made available to the teachers. This, he said, would
improve the financial as well as the academic conditions of

the staff,

He differenciated between a teacher and a lecturer, and
was of the opinion that only teachers need the knowledge of
osychology and lecturer should guide the students by ooening

new avenues,

Prof.M.S. Jayadev, diseussed on the cadre rules, He
suggested the implimentation of the time bound promotions and
condemdex the existing system., [He was of the ooinion that
injustise is being done to part-time teachers because they
are pald a consolidated pnay, which is less than the basic pay

of a permenent lecturer, This, he felt, mekes the fresh
ingineers to go for other jobs., He stressed the need for the

evaluation of teachers for promotions.

Prof, M.S.Jayadev, said that because of the lack of a
fixed and rigid schedule regarding the starting and closing of
t he semester, the t eachers lose their vacation, He felt this
should be rectified.

Dr.Shanth Kumar, felt the nced of specialists, 3ut he
said the funds are not usually available for research, He =mxad
said the teachers should be given the opertunities for research

and rcecqaested the terchers to use the available facilities for
this purpose,

Finally Prof,Dhananjaya, summerised the points raised



OBJECTIVES,bF ENGINEERING ZDUCATION IN INDIA

Dr- K.P. NAYAK

There has been much talk in recent years of how to improve -
Engineering education, but less discussion is devoted to defining
clearly what is meanf by'good engineering education. To educate
Engineers éffébtiVely, teachersﬁmust have a clear concept of their

goal, objectives and the concent of engineering,

A good engineering education can be defined as one which
provides the student with sound technical knowledge, It enables
the student to have an annreciation for the application of the
fundaﬁental'laws, concents, and techniques to the solution of engi-
neering situations. With this éénreciation and embroyounic ability
he may go into various tyoes of industry in various canacities
equinned to meet the problems which will face him realistically and
not be; submerged by them if they cannot be solved by textbook fbrmulas.

Such a student will be capade of interpreting the phyeical

significance of a oroblem, will be abié'to reason through the various

amifications of the situation facting him and-will be able to
'//knowlfdze
1

evolve a reasonable solution based on his compbosite nter-

pretive ability, and reasoning skill, In his engineering practicé
conventionality must begin to yield ground to creativity,

The distinction between conventionality and creativity in
engineering practice has been eloquenl}y discussed by C.D.Fulton_
who writes: (%)

®"Conventional engineering is a network of formula, data,
rules, and.static science bound into a firm disciplince., It demands
rationality, order, repetition, patience, caution, thoroughness and
seholarship. . This kind of engineering is a machine-like process and
machines are beginning to be emoloyed to do some of it. It is
indeed a considerable oart of engineering and we have done a good
job of teaching it. Creative enginecring on the other hand, operates -
on emotions, imagination, chance, boldness, rebeilion; abadon,
flight of fency and every other qurlity which distinguishes the
live human being from the inanimate machine®.

The time is at hand when we mucht emoloit those qualities of
our .students that distinguish them from machines. This calls for a
fresh anoroach to the teaching of engineering.
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There has been much . talk in recent years of how fb improve
Engineering education, but less discussion is devoted to defining
clearly what is meant by a good engineering education, To educate
engineers effectively, teachers of engineering must have a clear
concent of their goai, objectives and exoected changes in student
behaviour,- develooment in: their knowledge skill, attitudes and
habits,

A good rnogramme can nrovide the student with sound technical

knowledge and develons in him the following abilities:

a) To exoress his needs in an'inteligent, understandable way,

b) To search the .literature for the information he needs and
to evaluate it with respoect to his problem,

c) To look for and detect the similarities between his problems
and those of other fields.

d) To investigate and solve for himself those .nroblems which ‘ares

i) Sufficiently simple not to warrant a search of the literature

ii) unlike problems that have been discussed in the oubli shed
literature,

The curriculum of the engineering college must be nresented in

. such a way that it should develoo real analytical ability in the
students, anf from this, encourage creative thinking on the part of
the student. True creativity ié a characteristic which relatively few

graduates will acquire.

On the basis of the above and the philosoohy and definition of
engiteeéring it is possible to list the objectives of Engineering
elucation in iIndia in brief as follows ;

1) The student should be encouraged to annreciate the value

life long learning,

- 2). He,must know the fundamental laws, concents, technigues

to the solution of engineering situations,

3) He must be cabable of interoreting the physical signifi-
cance of a problem, reason through the ¥ Qériaus remifica-
tions of the situation facing him, to evolwe a reasonable
solution based on his comnosite knowledge, interpretative

- ability, and reasoning skill.

4) He must be able to habitually orient his thoughts towards
a nroner attack utilizing all the background information
‘he has acquired,



5. He must be above to develop 2 real analytical ability and
creative thinking. ' = . :

6., He must be above to develop his skills in the prooer methods
of communication of ileas through the use of his language,
ability to portray his ideas in drawings ani sketches and
facility in the use of mathematics,

7..He must be able to develon an understanding of the imnortant
natural laws and conceots. The natural laws in ohysics,
Chemistry, etc¢ should receiver greater emphasis. .

Laboratory experience should be a part of the program for it
serves the folldwing ourpo ses:

1, Exercises which confirm theoretical conceots and the laws
discussed in formal classrooms give the stuient a feeling a confidence,

a conviction that the statements nresented are truths,

2, The 1ab0ratory exoerlences enable the student to see how wall
his ideal system oredlcts the ooeration of an actual system, This is
a climatic experience whlch brings the classroom work into clearer

focus,

3. The student gets many onvortunities to develon ability
facility in the use of measuring instruments of all tynes.

4, The laboratory affords them a chance to make the observation

under cxpert guidawmce of actual Engineering devices in operation.

5. The laboratory serves as a means by which the student
develons skills in both analysis and synthesis,

6. Oral and written renorts enable the student to gain
additional facility in the use of the language of engineering.

7. The student must develoo skill in the use of modern comouting
equioment,

S. The student should have a knowledge of regulation and
.control. All modern engineering syBtems involve some kind of control
or regulating instruments, This oojective immediately noints out

the need for experiences in systems analysis and synthesis,
(*) 9.
10, The studlent must become familiar with the mode of analysis

used by engineers, ani is given exercies in the four general methods

of attacking a oroblem, namely, exoerimental, analytical, use of .

(*) 9. The student should be acquinted witn modern industrial
nrocesses.,
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models and analogs and finally in what might he termed the art. By

art is meant the appliication of judgement bqseq uoon exnerience,

11, The student muéf be encouraged to be on the lookuout for
ways and means of'correlating ani integrating fundamental knowledge,
e must be taught.to think clearly and logically and to learn - how
to apnly his knowledge to new situations. -

12, 1In order that the graduate engineer can enjoy the status
of a resnected citizen in his community and become a ' - ‘wortﬁy
member of his pbprofession he must develoon an aooreciation of other
values too, such as those termed human, moral, social, artistic,

economic and orofessional. Such a set of values are to be developed,

If the objectives listed above can be attained, the engineer-
ing educator willlhave succeeded in his task of oroducing trained men
for the engineering activities of the future, It must be remembered
that a curriculum is merely a vehicle for accomplishing these
objectives and that it is fundamentally the instructor/ teacher who
must see that the proo~r internretation is nlaced an1 that use is
made of the subject matter of the various courses to achieve these
objectives of engineering education, It involves- ° avooreciation
techniques, and abilities on the nart of the instructor/teacher
which require intensive orenaration ani leadershin, These cannot
be achieved without effort, but with responsibility for the
orofessional lives of.many students and indirectly the safety and
iiving standards of all, etucation must make that effort and must

strive to achieve the goals and objectives with desired results,

&&&&&E&&
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In our concern for specification of objectives, we seem to
have underblayed_one of the most important functions of objectives.
We know where the goal posts are. But there may be many paths
leading towards them. Which of them shall we choose? Another
question that is not unrelated to this may also be asked. What
if the goafs are not worth striving for? Or what if they are too
difficult to reach? In other words, while it is one thing to be
able to write objectives clearly, it is quite another to be able
to judge which of them are relevant and appropriate for a particular
course of instruction. Aiming too low loads to dissatisfaction

while aiming too high may result in frustration.

We have, therefore, to examine whether there are qualitative
differences among the objectives. This-amounts to examining
whether there are qualitative differences among behaviours, since
objectives have been stated in terms of changes in behaviours of
students.- Even commonsense tellsus that there are such differences.
The ability to prove a theorem learnt in a class on geometry is
'quite different from the ability to solve a rider based on the
theorem. The former depends almost entirely on the information
acquired in the class while the latter demands an excursion into
.an area beyond such information. Skill of remembering is emphasized
in the former while more complex intellectual abilities are
required to achieve the latter objective. We have, unconsciously,
classified objectives into simple and complex. Perhaps the key

to the problem of an apvropriate choice of objectives lies here.

One of the most detailed and most popular classification
schemes gvailable to us is th. one developed by a group of

rgsearchers working under the direction of Prof. Benjamin Bloom.
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The scheme-groups‘educationqlsobjectives under three broad domains -
the cogniine, tpgugffective and thé psyéhométor domaiﬁs. The
Cognifivé:domaiﬁ;ﬁwhich is our main concern in this session, -incluades
those objectives, whkich deal with the acguisition and manipulation
of factual informatibn, The affective domain includes objectives
which describe changes in interest, attitudes and values and the
development of appreciatiggs and adjustment. The psychomotor

; athe development of physiological skills.

domain concerns itself wi

Each domain in turn is divided into a number of levels.

It should be noted that what is classified in this scheme 1s
not instructional methods used by teachers, or the particular subject
matter they teach. It is a classification of thé intended outcomes
of teaching, expressed as intended behaviours of students. The
intended behaviours related to mental acts or thinking are the
focus of the classification under the cognitive domain. This areca
therefore, includes behaviours such as remembering; reasoningj
problem solving; concept formation and to some extent creative
thinking. The objectives are arranged f.om the simplest hehaviour
to the most ‘complex. In this sc¢nse the scheme is not just a
claésification like the  Dewey decimal system of classification of
books. Since the rule - simple to complex- is used in ordering
phenomeha, a rule, that can be validated by demonstrating“’its
consistency with theor¢tical views, the classification scheme
merits the title 'tazoponmy'.

The ofgaﬁization in the cognitive domain considers the
objectiﬁes among six major classes:

1.00 Knowledge

2.00 Comprzhension

3.00 Application

4,00 Analys’s

5. Svnthceis

6.00 Evaluat.ion
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The numbers are suggestive of a hierarchical order. For definition
of and the further subdivisions in each class refecrence may be made

to the condensed version of the taxonomy.

For the present discussion the objectives under the cognitive
domain can be ‘divided into two parts. One is the simple behaviour
of remembering knowledge and the other, the more complex behaviour

of the abilities to use knowledge in various situations.

1 wle : Probably the most common objective in our
educational system is the acquisition of knowledge. By knowledge,
we mean that the student can give evidence by recalling or recogni
zing, some idea or phenomenon with which he has had experience in
the educational process. It is defined as 1little more than the
remembering of the idea or phcnomenon in a form very close to that

in which it was originally encountered.

One compelling reason for the teaching of knowledge is that.
it is regarded as basic to al: the other ends and purposes of
education. Problem solving and thinking cannot be¢ carricd out in
a vacuum, but must be based on knowledge. Even the manipulative
and motor skills assumc some knowledge about the materials, methods
or tools that are used. This can be said of objectives under the
affective domain also. Interest and increcase of information are
related. Attitudes and apprecintions are to some extent based on
knowledge. There are many other reasons for teaching knowledge.
These extend from as simple a reason as the simplicity with which
knowledge teaching and testing can be done, to the status accordcd
to knowledge in our culture. An educated person is expected to

be a very knowledge¢ »ble person.

While there could be ample justification for inclusion of
knowledge objectives, a number of curricular decisions about ther

needs to be made. Questions like 'how much knowledge' 'how prccisc'

Lot Tmnemd ~mmrmearieomeadtr:am ~F brnatrlcRecs! A+~ cshaA11 1A he eaclbrad WMo ammem
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framing these objectives. For instance, one has to strike a
balance between all the inforrnation available in a particular

subject and that which is mdst basic to the subject.

2. Intellectual abilities: Although acquisition of information

is an important outcome, it would be unfortunate if this becomes
the sole aim of education. It would be necessary to aim at
abilities to use such information in new situations and vroblers.
In such a situation the student ought to be able to select an
appropriate technique for attacking it and to bring to bear the
required information,- both facts and principles. This requires
an anaiysis of the new situationj; a background of knowledge that
cen be utilized and some facility in discussing appropriate

relations between past exverience and the new situation.

The justification to include such abilities as the outcomes
of education becomes apparent from a consideration of the rapidly
changing needs of the society. The nature of the problems to be
faced and solved in the future cannot be predicted in all their
details. We have therefore, the task of preparing individuals
for situations th2t cannot be foreseen and 211 that can be done
by education is to develop generalized ways of attacking problems.
Research in educational psychology suggests that such generalized
abilities have a better transfer value to new situstions th=n the
special abilities thet are suited to one varticular culture.
Psychology again usggests that outcomes of education that can be
generalized and applied with success in a number . of different
situations are more permanent than those encountered only a few

times during an educationz2l programme.

This brief account of the taxonomy merely supports the
contention that a scheme can be worked out to discover qualitative

differences among objectives. By frequent reference to the
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condensed version which gives the definitions and brief descriptions
of each subelass of objectives under the cogﬁltive doma2in, one can
classify the objcctives one writes for = particular course of
instruction. This would enable one to see whether there has been
too much emphssis on one class of objectives. Any such unbalq-nceé

distribution can then be remedied.

The derivation of a teaching strategy from the objecetives
thus selected i1s not within the scope of this Aiscussion. It is
however obvious th~t teaching a particular item of content at
the knowledge level and comprchension or =pplication level call
for different strategies for teaching. The teachcr has to first
declde at what level the content should be taughtj; which mesns
he has to make a decisipn about the objcctives. He can then

design learning experiences so th2t these will be achieved.

xV#
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THE NATURE OF GOOD TRACHING

OI..' K.P .Nay
@229 -

The importafice of teaching at the:-College lavel involves many
things, Some of thesc are enncerned with what goes on in the classronm
and some with the mativation of students and some with techniques adopted
by the teacher. It is evident thot knouledge of subject matter alone does
not pmvide complete qualification for teaching at the College level.

There are many components to the job of gond teeching and some of them
are g

1, The starting of a carcer in collcge tcaching;
2, Hrw towin and hnld the good-will of students;
%, How to operate classroom routine;
4, Hnw to keep student interest at a high lovel;
S. How to make ynur teaching nractical, functionsl or
worthvhile;
6. Haw to plen and organise college courses;
7. Houw to prepare functional syllabuses end textbooks for cellege
: courses; : ’
8. How to manage releted library and textbnnk materials;
9, How to direct’ the oxchange of ideas; _
10, How to persuade, convince or influence enllege students;
11, How to speak effectively in the college classroom;
‘12, How to illustrate or demonstrate your ideas;
13, How to direct student practice or performance;
14. How to promnte originality, rersearch and invention, creativity;
15, How to improve the lezrning techniquesnf college students;
16. How to fit instructinn to varied abiliti:s and needs;
17. How to meintain proper levels of work and mastery;
18, How to tesch many studeris at one time and manage large classes;
19, Hrw to check up students accomplishments;
20. How tn help /~ung penple to vlan and mcnage thelr lives;

There is a need for comprchensive research uad study ta formulate
crit.oric of good teaching, systemetic procedures for appraising it,
end the most effective steps for its improvament, In eony discussinn
of improving college teaching it seems necessary thnit there be some statament as
to what constitutes good teaching; what is tho nature of good teeching.
Effective learning is the result that the gnod teachér is after. The
change in performance that a gnnd teacher is conccrmed with is the produ-
ction nf increased competence in the ficld bzing studied. This invnlves
(2) Prducing en understanding of the fundamentsls (b) developing the
gbility to use the fundamentals in new situations, These become prime
objectives in the educetinnel process,

A single scntonce answer to good teaching in cngineering is
Good teaching is the davelopment of the student's ebility to do things
for themselves, Engineering at professinnal level cqnsists in essence
in creating end dning "things on one's own rosponsibility, and develop-
ment of this capacity is the cssence in cr-ating ¢nd doing things on
one's awn responsibility, and doveloping this eanecity is the fundamental
oim of engineering educeation., The extent to which this is accomplished
is the measure of success of our tesching. ®ngincering lends itself to
the development of ability to do things for oncsclf, Our whole scheme
of educatinn is condutive t~ that abjective., The combination of rceitatinn,
laboratory, and design classes, all dealing directly with things to be
done and ways of doing them is an ideal arrangcment for learning both
the how and the why nf things, Therefore it londs itself to good teaching,
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The best and worst tcachcors of engincering s

Yidely accepted and readily e—:ileble criteria of teacher qualities
releted to good teaching ere listed cbove, The judgments nf those who
underwvent the teaching nf: specific individual teachers will throw snme
light on the dimensions of the charactaristics of teachers of engineerring,

4 sample of mnre then 2500 enginecrs was picked at random from the
memdership of the five leading engin-ering organisations, Those enginecrs
were asked to rate each their best ond worst teacher of engineering on
the Purdue Rating 3cale for instructors, a graphic scale which rates the
instructor nn ten traits nn a grephic scale of O to 100,

the ten tresits, the mean rating of the best teachers, the mean rating
_of the worst teachers, snd the different between the means is given belows

Traits roted 'Best! 'Yorst! Differences
neens ~mean s e ——
Interest in subject 88,6 55.8 . '32.8
gympathetic attitude towards 83.4 43,8 39.6
students
Feimess in grading 87.6 59.6 28,0
Liberal & prnegressive attitude 82.4 40,2 42.2
Presentation of subjcct matter 88,8 30,4 58.4
Sense of prépAration & honour 79.8 33,1 46,7
Self-roliance & confidence 86,8 50,7 35,1
Personal peculiarities 77.5 42,6 34,9
Persnnal aonesrance 81,7 64,2 17.5
Stimulating intellectu-l curinsity 87.1 27.7 59.4

It is evident that there is little resemblance between these two groups
of teachers,

tn one trait personal eppearcnce does the group of worst teachers
even apprnach the best teacher group and this difference is far better than
the one percent level of confidence. It should be noted that the differences
between the best and worst teacher meens on traits 5 and 10 - presentation
of subject matter and stimulating intellectusl curiosity - are greater than
one-half the total possible rance,

Since the mean best tencher of e-ch orgcnisation possesses very nearly
the same amount »f the quality being rcted on each treit, ond this amount,
while varying from trait to trnit, mrintzins very nearly the same relotive
renk in the ten traits in ench organisation, 2nd since the seme statement
hnlds true for the meen-worst teacher, it thus seems likely that there is a-
hierarchy of trait values for all tc chers of cngineering. Consequently,

a tentetive hypothesis is advanced that the comparctive ronk of ench of
the ten trnits would be virtu-lly identicnl for ~ny unselected group of
te~chers for 2 single university or from o number of universities,

The best tencher in engincering, then, is n tercher who is distinguished
from his less sble colleagues in thrt he has a much grecter interest in the
subject taught, that he is very *blc in tho presentation of the subject
natter, ~nd that he con, tn ~n unusucl degrce stimulote the intellectual
curingity of his student. The worst tencher of engineering has also
interest in the subject matter bui locks ~bility to stimulnte the intelle-
ctunl curiosity of his students ~nd does nnt oresent the subjcct matter of
the course in n sntisfrectory fashinn., The size of the mean of the best .

arnA +h e rrmvrnet Fonnheoar Ao rrArIAdAs A onrt A A Flaar nnAd 0 ealline by whiech
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In a survey to learn the cherccteristics of sucecessful and unsuccessful
instructors the composite of traits which in the opinion of the students
marks ¢ successful instructor ir engineering is the followings

1. A thorough knowledge of cnd interest in his subj:zct;
2, Experience in te ching. V victy in meth~is and in the presentntion

of materinl;

3. Ability to arouse enthusicem with sincerity;

4, M understanding of and cn intcrast in students as penple sanse
of humnur and a faimcss to all students;

5. Bffectiveness of oxpressinn, olensaont persenczlity and a wholesnme

outlank .in 1lifec;

6, Frimndliness and n sensitivity »f ond a rcspect for students ond
their ide~s nnd thoughts;

7. An cbility to exnlain, ability ~nd willingness to answer question;

8. ability to convey iders cle rly and concisely nnd an 2bility to
explain and present the material so that the students can
easilty follow;

9. Correlation of subjcct mattcr with presont dey cvents and living;

10. Personal charncteristics such s courtesy, nentness, tact, dignity
and diligence;

=000~
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A tw fnld crisis is rapidly approaching in engineering education.
On the one hand, even as the need matures for many more engineering
teachers to handle the wave of students that is about to engulf us,
ve find ourselves in a grim but losing competi.ion with industry
for the services of our prnducts and evan our present staff members.

on the other hand, the need is growing for a new type of engineer
of sufficient bresdth, depth, and versatility to develop the technologies
necessary to utilize the new discoveries that modern science is showring
upon us, This calls for a uniquely qualified type of engineering teacher,
How to meet both of these needs simultaneously i1s a problem,

The necessary characteristics of this new type of engineering
teacher include a solid grounding in the fundamental concepts and practices
of engineering and also an alertness to new ideas and techniques and a
profensity for stimulating their students to apply them imaginatively.
The teachers must be creative who can stimulate creativity in their
students and therefore should be familiar with the techniques of teaching
proficient in educational technology. If his graduate course in engineering
does not contain this component attempts should be made throrugh some other
programmes like sumner schools to study graduate teaching methods and
techniques in such important areas of (nllege teaching as evaluation of
achievement, personal counseling, and classroom technique. They should
provide some grounding in educational psychnlogy. They should have a
perspective of the whole educative process as well as a knowledge of
most basic techniques needed by a teacher,

Bqually useful might be the philosophy and psychology of education,
the art of counseling, techniques of communicating ideas and the science
of evaluating student achievement., Psychologist and engineers can work
together in the future in this important area of education.

The College of engineering of the State U.iversity of Iowa attempted
to provide on the job training for the improvement of teaching of engineering,
The initial work here consisted of defining the objectives of engineering
education and of finding the means by which these objectives could be
achieved. The course provided combine the techniques and philosophy of
engineering instructinn and courses in pedagogy in which he learns the
content and fundanentzsls of teaching.

The course aimed especially st ynung teathing personnel consisting
'of assistaents, instructors, and assistant prnfessors, but faculty members
of higher rank are invited to attend in the trial period. The course content
included the following:

1, Introduction : The nced for teacher training; problems faced by the
instructor; history of education; great names in teaching and their
philosophies; use of teaching aids.

2, Educational Psychologys Psychological factors in students; mental
ebilities; aptitude and aptitude testing; the effect of social and
economic background on college study.

3. Reading and retention : Problems invnlved in reading ability methods
of improving rcading; retention of material read .

4, Adult Fducation

5. Exsminations : Internal Assessment - examination and evaluation of
student performance - criteria;

6. Alms of teaching - Criteria of 7~0d teaching ; etc.
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7. Mmninistration and Management :

The results of this programme has been encouraging, Although
the programme at Iowa was voluntary, attendance at the meetings indicated
interest. Seninr faculty members, were rather:-more interested than were
the young instructors. Tha suggested bnoks at this course have been :
acqiired by mnst.and these are : Effective tcaching by F.C.Morris and
Instruction manual of Georgia. Institute of Technology.

The INVA programmec brought faculty members closer to one another
through the concern with common problems and the realization of the
fact that there-is no ons or easy road to good teaching. This proved
that engineering teacher must be an excellent engineer and must be an
excellent teacher, These arec the requirecments with which we have been
concerned and for which these courses are designed.

. Ye hope the participants will get themselves enriched and get
benefitted by this pragramme, They will find themselves as excellent
creative engineers and excellent creative teachers of enginecering.
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As in any other human enterprise, education is expected to be
directed towards certain goals. The goals set for education are
determined by tho needs of the socioty and by the aspirations of
the human mind, Docisions about thesc are gonerally made by
policy makers at the highost luvel. Since goal formulations are
based on very broad principles, goal statoments ara usually in
very broad terms. Some oxamples of such statoments ares

Engincaring education should

(i) cnable tho student to dovelop such natural talonts
as ho may have and provide him tho knowlaodgo,
skills, understanding and anprociation that will
encourage him to pursuo a pursonally rowarding

. earcor of work,

(1i) cnablo tho graduato engincer to cmsciontiously ’
wisely and compétontly supply. valuable enginacer-—
ing services to' the society,

(1i1) train the student to be floxiblo in his approach
so that hc will confidontly facc ‘and solve now
tochnological probloms that may crop up in the
twenty-first contury.

Thesc arc lofty idoals for a: professional coursce Tho
qualitios cmphasised in thosc statorments are what a future
erployor in industry would be decmanding in his oxccutives.

But ars wo, as toachors, consciously guiding the students

towards thosc goals? During the day-to-day instructional
activitios, aro thesc goals in thg focus? @ can at bost. give
vaguna answars to thesc quostions.s A little analysis will

tell us why. ‘Tho statemonts are too general for us to bo

oblo to say. whothor thase goals arc being achioved or not.

It is not surprising therofore, that teachors and to somo

cxtont ovon curriculum makers tcnd to leave tho achicvement

of thosc goals entirely to chance. Thoy scen to beliove -

that if they concontrate their offorts on covoring their subjoct
nattor, the student would ingvitably develop along tho lines
proscribod by tho goals. . Whoether such a developmont has taken
place or not is to be doterminaed much lataer by the socioty for
which our educational system is supposul to proeparc the youngstors.
Since this state of affairs is obviousgly not satisfactory, wo,
the oducators mst oxamine whother evaluation of studont develop—
nent and its relation to the aims prescribed, can-bs built into
the process of cducation its:lf.

The first requircment for this is to seck a clarification
of tha goals, The broad statcrnients have to be recast in terms
that can be rcadily reclated to what happens in a classroom or
in a coursc of ingtruction. This 'translation'! of the goals
lcads to tho 'objectivas! of cducation.® One. can, for instance

.....2
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stato that the objoctives of ongincoering cducation are to anable
tho students to acquira:

(1) Knowlodge of purtinent seicntific facts and
principlos, including tha nathcomatical language
in which thcy arc expressod.

(2) Proficicney in recognizing and using appropriato
concopts and models in the analysis of cngiacoring
problaoms.,

(3) "H1lingnass to approach problems creatively, to
sock solutions begyond thosa attainsble by ustablished
methods,

(4) avarcnoss of tho ronlities of practical cngineering
problens with particular cmphasis ont

(a) Social and legal consoguences
(b) Neod for evaluation of approximations

(c) Need for conprormisc betwean conflicting
requirarnts- and so on.

This offort is only the first stop towards clarification.
tho statenonts still suffer fronm baing rather goneral and words
dke 'Knowledge'!, 'Proficiocney!, 'Willingness! and !Awareness!
which are the key words in the gtatements are ill-defined.  They
can be interproted in different ways by different people. The
statements would therefore bear a further analysis.

Thoe approach that is gaining ground in oducational circles
is to look at the problon from tha point of viaew of the offact
of a particular instructional ¢ffort on the behav. our of tho
student. - 'What is it that ho is ablu to do at the -cnd of
instruction, which ho was not able to, befcra?! The student
being able to solve a problam in Applied Mechanics, to perform
an aasigned job on a machind, and such other abilities are
consoquencos of instruction. Tho student was not 'born! with
theso abilitics. If tho intont of instruction wns to give these
abilitics, tho succoss of instruction can recadily be medsured
on the basis of whothor the studont was able to !'solvu the problenmf
and 'perform tha job! or not. Thus thu statements of genoral
objectives can be sharponed by introducing terms such as 'defina!
tdraw! 'differontiate! ete. which refor to soms obs:rvable student
behaviour(action).

Before writing such procisc instructional objsctives the
teachor will have to consider a numbor of factors, among which
are the ngeds and desires of the students, the expectations of
tho institution .and comrunity and tho limitations imposed both
by state requirements and the nature of tha subject itself,
A good vy to bogin is to analysc the content of the coursec with
rospect to the particular skills that can bo developed through
it and the key ideas contained in it. This lengthy list of
objectives can then bo transformod into preocisc instructional
objactives along the following linus.

The first step is to specify an obs:rvable terninal
behaviour for cach objsctive. This gives a dascription in
termg of aotivitios that n person can nctually sec and mensure,

oxactly what n student will boc evpected to do at the end of
instruction. Terms such as 's. _te!, 'list', 'ealculate!

-¢o~-3
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Iskc'tech! 'defino! ete ars mors offoctive in describing expacted
behaviours than arce tarms like 'kaow! 'loarn! 'understand! and
lappreeiate?s © Consider ths fcllowing examploss

(1) T™he student will undorstand 'Ohm's law!

(2) The student will sqleculats tha resistance of a
* eonductor. - '

~ The word 'understand! in the first objoctivo is subject to

interprotation. Precisely what should tho studont be able to do
to damonstrato that ha has understood? Is it snough if ho states
Ohm's law? Should he writo tho mathomatical rolationship implioed
in tho law? - Should he ugo it to ealculats one of tho quantitics
when the other two aro givan?  The sceond statement pinpoints the
axpucted bohavior - 'to calculate! and honce is able to convey tho
intont of instruction mora clearly.

Sona -terms such as 'idontify!, 'differentinte! and 'solva!
arce less ambiguous than torms liko 'know! and !learn! and yot thay
describe purely muntal activitiocs - nctivities that go on in tho
student!s head - and are thuereforo not dirsctly obsurvable. A
means by which tho activity can beucome observablo neods to be
specified in such cases. 'Identify in writing'!, 'differcntiate
by rocording on a chaock 1list' or 'rocord on paper the step-by-step
proceduro® and such phrasass indiente to tho students what spacific
activity will bg nccopted as an svert demonstration of the compe-
tenco and henco reducs =nxiaty on the part of the studoats.

Having dscidod on the obsarvabls terminal behaviour, the
second gtep in writing preciso objectives is to proseribo tho
condition under which tho bchavi-ur is demonstrated. These may
be in tho form of timgc limits, use of special aids and equipment
or sourcae from which tha information rcguired to solve a problem
mny be obtained and 30 on. Considaor the following gxampless

The student will bo able to:

(1) State what tho shape of a purmissibls matrix
multiplication would ba.

-{2) Statc whrt the shapo of a purmissiblo matrix

mltiplication would be without cmrzyir;g out
the rultiplication. .

The condition unidaer whieh the bohaviour should mnonifest is
proscribod in the sucond statement. Similarl_y the statement

"given a meter with soveral scalos and a range
switch, ths learncr is ablo to iduntify the
scnle corrosponding to oach sotting of the.
range switch"
conveys the instructionnl intent moro cleoarly thnan the statament
"to be ablc to read cluctrieal motors'”.

Tho enaditions undor which thoe torminal bchaviour should occur
aro usutlly prosc_ribud in tho form of words liko

‘givon a problam of the following class...
given a list of...

given a matrix of intor-correlations.:.
given a stan‘lird saet of tools...

wittout the ald of slide ru s...

without thu aid of t»ols.... ate.,

.....4



The requircment to bo satisfisd is that tha target behaviour
would be r:cognized by anothur competent purson, and other
possibls bohaviours would not b. mistakan for the obscrved
behaviour.

We havo till now anphnasizod and daseribed what tho student
should be able to do at thu und of instruction and under what
conditions. The final step in the el~rifiecation of instructional
intent is, with respoct to how well should tho studont be able to
demonstrate his newly nequirod corpotenca. "It will be necessary
to prescribe a minirun ~ccéuptablc standard of performence as
ovidenco of the success of tho instructionnl programne.

Probably the most obvious way of sp-cifying this 1is setting
a time 1imdit or a limit for the l:ongth of the ~nswer

"To be able to complete a drawing” and "To be able
to completo n drawing within one hour"

obviously rafer to Ufferent roquiruments. But, very ofton, one
mqy rogard this time limit as a condition rather than a standard
of performance. The drawing mqy be presentoeil at- the ond of the
hour, thus satisfying thc objectives stated above, but it may be
a poor performancs. It will thoroforo be ndeessary to sharpon
the statement of the objoctive by adling thu ncecessary phrases
referring to the quality of tho work to be comploted within ono
hour.

Somc oxmple, of ways in which performaace stanidards are
speeificd ar: the following:

The student wills

(1) Given four scts of syiptoms, stato thoe source of
tho troublcs in an instrument in at luast thruo
of thu c». us.

(2) Givene....s0lvs the problem to tho nearest whole
number.

(3) Use the chomienl balanco w2ll enough to weigh
matirinls accurat:ly to the nearcst milligram.

(4) Explain in writing tho propor use of the wood
lathe including: (a).the procedurc for mounting
the material; (b) thoe proximity of the rest
block to the matorinl; (e¢) the speed of the
chuck; (d) the proper uss of tool bit; ~nd
(c) safety procautions.

(5) Givon an otherwisa proporly functioning TV
receiver of any of tho following nodels
esseey ndjust the ion trop to achiuvve a
uniform raster within a period of five
minutos. ‘

Whilo thu statements (1) to (3) preseribe . quantitative torms
for the minimun nceoptablo standard of pirformance, (at lonst
throe of tho cases, to thno ncarest wholc number), the othar
two prescribe n qualitative standard(minimum elcmaents in an
expl~nation, quality of illumination on 2 TV scrcen).

We have, in this session, discussel one important aspect
of planning an instructional pr-cedure. "It may be surprising

.oocos
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to re~liza that the first step in planning is to d:finc the
intondel results of instruction. The most import-nt point to

be considored is what students should bo nble to do ~fter instruc-
tion. IMaking this Adocision is tha most comnlox and 4ifficult step
in planaing for instiuction. But oncu ammel with objectives thnt
comminiczto unoquivoeaily wiizt is expuctul of the students,

one would be ready to tacklu tho other problems of instructionnd
design, like sclecting the appropriatc learning expuricnecs ~nd
designing a suit-bl: av~luation procuture.
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APPENDIX

Condensed version of the
Taxonomy of Educational Objectives

Cognitive Domein

KNOWLEDGE

1,00 KNOMJL ZDGE:

Knowledge, as defined here, involves the recall of specifics
and universals, the recall of methods and processes, or the recall
of a pattern, structure, 'of'éétting.' For measurement ourobses,
the recall situation involves little more than bringing to mind
the anpropriate material, - Although some altration of the material
is required, this.is a relatiyely minor part of the task. The
knowledge objectives emohasize most the psychological proeesses of
remembering. The process of relating is also involved in that a
knowl edge test. situation requires the organization and reorganization
of a::problem smch that it will furnish. the anoropriate signals and
cues for the informat ion and knowledge the individual possesses, To
use an analogy, if one thinks of the mind as a file, the problem
in a knowledge test situation is that of finding in the oroblem or
task the aopropriate signals, cues, and clues which will mo'st
effectively .cring out whatever kirowledge is filekd or stored.

1,10 KNOWLZDGE OF SPECIFICS

‘The redall of specific-and isolable bits of information,
The emnhasis on symbols with concrete refrents, This material,
which is at a very low level of abstraction, may be thought of as
the elements from which more comnlex and abstract forms of knowledge
are ° built,

1.11 KNOWLEDGE OF TERMINOLOGY:

'Knowiedge of the:féferénts for specific symbols (verbal
and non-verbal), This ﬁay include knowledge of the most generally
accepted  symbol referent, knowledge of the variety of symbols which
nay be used for a single referent, or knowledge of the referent most

anprooriate to a given use of symbol,.

#To define % echnical terms by giving their

attributes, pronerties, or relations,

#*Familiarity with a large :n.mber of words in

their common rance of meanings.,
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1,12 KNO¥LEDGE OF SPECIFIC FACTS :

Knowledge of dates, events, persons, places, etc, This may
include very precise and specific information such as the specific
date or exact magnitule of a phenomenon, It may also include
anoroximate or relative information such as an anoroximate time

period or the general order of magnitude of a phenomenon.

¥The recall of major facts about particular
cultures.

¥The possession of a minimum knowledge about
the organisims studied in the laboratory.

1,20 KNOWLEDGE OF WAYS AND MEANS OF DEALING WITd SPECIFICS

Knawledge of the ways of organizing, studying, judging, and
criticizing. This includes the methods of inquiry, the chronolo-
gical sequences, and the standards of judgment within a field as well
as the patterss of organization through which the areas of the
fields themselves are determined and internally organized. This
knowledge is at an intermediate level of abstraction between
specific knowledge on the one hadd and knohledgé of universals
on the other. It does not so much demand the activity of the
student ih using the matérials ~L it does a morec pnassive aﬁareness
of their nature.

1,21, KNOXLEDGE OF CONVENTIONS:

Knowledge of characteristic ways of treating and presenting
ideas and-ohenomena. For ‘purposes of communication and consis-
tency, workers in a field embploy usages, styles, oractices, and
forms which best suit their purposes and or which anpear to'suit
best the phenomena with which they deal. It should be recognized
that although these forms and.conventions are likely to be set
up on arbitrary, accidential, or authoritative bases, they are
retained because of the general agreement or concurrence of indi-
viduals concerned with the subject, ohenomena, or problem,

#Familiarity ‘with the forms and conventions of
the major tynes of works, e.g., verse, nlays,
scientific papers, etc.,

#To make pupils conscious of correct form and

usagc in soeech end writiug,



1,22, ENOWLEDGE OF TRFNDS AND SiQUENCES

Kndwledge'df the'pfoéeéses, directions, and movements of

phenomena with respect to time,

#* Understanaing ot the continuity and development
of American culture as exemnlified in American life,

% Knowledge of the basic trends underlying the

develobment of public assistance programs,

1,23, KNOWLZDGE OF CLASSIFICATIONS AND CATERGORISES

Knowledge of - - the classes, sts, 1ivisions, and arrangements
which are regarded as fundamental for a given subject field,

nurnose, argument, or nroblem.

#To recognize the area ' 1 encompassed by various kinds

yforoblems or materials

*Béddﬁiﬁg familiar with a range of t&nes of literature.

1,24, KNOVLEDGE OF CRITZRIA

Knowled.e of the ariteria b, which facts, crinciples,

opinions and conduct arve tested or judged.

*Familiarify with criteria for judgement aonrooriate
to the type of work 'and the purnose for which it is

read.

#Knowledge of criteria for the evaluation of recreat-

ional activities.

1.25 KNOYLEDGE OF METHODOLOGY ¢

Knowledgé'of the methods of inguiry, techniques, and procedures
emoloyed in a particular subject field as well as those employed to
investigating particular oroblems and phenoﬁena. The emphasis here

is on the individual's knowledge of the method ratner thao his
ability to use-the method. .

‘

#Knowledge of scienfific methods for evaluating

health conecepts,

#The student shall know the methods of attack
relevent to the kinds of ~roblems of concern

to the social sciences.



1.30 KNOWLEDGE OF TiS UNIVERSALS AND ASSTIACTIONS IN A FIELD :

Knowledge of the major schemes and patterns by which bhenowmene
and ideas a.e organized. These Jré the large structures, theories,
and generalizations which dominate a subject field or which are
quite generally used in studying ohenoména or solving oroblems,
These are at the highest levels of abstraction and compnlexity.

1.31, KNOWLEDGE Of PRINCIPLES AND GEN IiALIZATIONSL

Knowledge of particular abatractions which summarize obser-
vations of olienomena. These are the abstractions which. are of
value in exolaining, describing, oredicting, or in determining the

most aponrooriate and relevant action or direction to be taken,

*Knowledge of the important principles by which our .-
experience with biological ohenomena is summarized.

*The recall of major generalizations about particular
cultures,

1,32 KNOWLEDGE OF THEORI£S AND STRUCTURES:

Knowledge of the body of orincinles and generalization:
together with their interrelations which nresent a elear, rounded,
and systematic view of a complex ohenomenon, nroblem, or field.
These are the most abrcfract formulations, 7nd they can be used to
show the iutcelrclaticn szl crgonizaticn of a great range of
specifics,

#The recall of major theories about particular cultures.

#Knowledge of & relatively complete formulation of the
theory of evolution,

INTELLECTUAL ABILITISS AND SKILLS

Abilities and skills refer to organized modeé of ovneration
and generalized techniques for dealing with materials and problens,
The méterials and problems may be of such a nature that little or.
no specialized and technical information is required., Such infor-
nation as is required can bei. assumed to be nart of the individual's
general fund of knowledge. Other pnroblems may require specialized °
and technical information at a rather high level such that spvecific
knowledge and skill in dealing with objectives emnhasize the
mental orocesses of organizing and reorganizing material to achieve
a particular purpose, The materials may be given or remembered,



2,00 COMPREIINSION:

This represents the lowest level of understaniing., It
refers to a tyne of understanding or aoorehension such that the
individual knows what is being communicatnc? and can make use of
the material or idea being communicated without necessarily relating
it to other material or seeilng its fullest implications.

2,10 TAANSLATION:

Comprehension as evidenced by the care and accuracy with
which the communication is parashargsed or rendered from one
language or form of communication to another, Translation is judged
on the basis of faithfulness and accuracy, that is, on the extent
to which the material in the original communication is oreserved
although the form of the communication has been altéred.

*The ability to understand non-literal statements

(metaphor, symbolism, irony, exaggeration).

#Skill in translating mathematical verbal material

into symbolic statements and vice vérsa.

2,20 INTERPRZITATION:

The explanation or summarization of n communication, Hhefeas
translation involves an objective part-for-nart rendering of a
communication,'1nternretation involves a reordering, réarrangement,
or a new view of the material,

#The ability to grasp the thought of the work as a

whole at any desired level of generality.

#The abiiity to interpret various tyoes of social data.

2.30 EXTRAPOLATION:

The extension of trends or tendencies beyond the given data
to determine implications, conseguences, corollaries, efects, etc.,
which are in accordance’with the conditions described in the

original communication,

#The ability to deal with the conclusions of a work
in terms of the immediate inference made from the

exnlicit statements.

#3kill in predicc¢ing continuation of trends,;



3.00 APPLICATION:

The use of abstractions in particular and concrete situations,
The abstractions'may be in the form of general ideas, rules of
nrocedure, or generalized methods, The abstractions may also be
technical orinciples, ideas, and theories which must be remembered
and anplied.’

#Application to the phenomena discussed in one pavoer

of the scientific terms of concents used in other
~pavers,

#The ability to predict the nrobable effect of a change
in a factor on a biological sitmation previously at
equilibrium,

4,00 ANALYSIS:

The breakdown of a communication into its constituent
elements or parts such that. the relative hierarchy of ideas is
made clear and/or the relations between the ideas expressed are
made explicit, Such analyses are iniended to clarify that commu-~
nication, to indicate how the'communication is organized, and thce w
in which it manages to convey its effects, as well as its basis
and arrangements.,

4,10 ANALYSIS OF ELEMINTS:

Identification of the elements included in a communication,

#The ability to recognise unstated assumntions,

#Skill in distinguisaing facts from hynotheses,

4,20 ANALYSES OF RELATIONSHIPS:

The connections and interactions between elements and

oarts of a communication,

"#Ability to check the consistency of hynotheses
with given information and assuwotions,

#Skill in comorehending the interrelationshins
among the ideas.in. a passage.

4,30 ANALYSIS OF ORGANIZATIONAL PRINGIPLES:

The organization, systematic arrangement, and structure whi
hold the communication together, This includes the "exolicit"
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s well as "imolicit" structure., It includes the bases, necessary

arrangement, and the mechanics which make the communication a unit,

#The ability to recognize iorm and pattern in

literary or art‘stic works as a means of undersfanding
their meaning.

#Ability to recognize the general teahniques used

in persuasive materials, such as advertising proraganda
etc.,

5.00 SYNTHESIS:

The putting together of elements and parts so as to form
‘a whole., This involves the orocess of working with oieces, parts,

elements, etc., and arranging and combining them in sich a way as
to constitute a pattern or structure not clearly.there before,

5.10 PRODUCTION OF A UNIQUE COMMUNICATION:

The development of a communication in which the writer or

speaker attemnts to convey ideas, feelings, and/or experiences
to others,

#5kill in writing, using an excellent organization
of ideas and stntements,

5 tAbility to tell a personal experience effectively.

5.20 _PIODUCTION OF A PLAN, OR PROPOSED SET OF OP ERATIONS:

The develooment of a nlan of work or the oronosal of a
nlan of overations, . Tbé nlan should satisfy requirements of the

task which may be given to the student or whidh he may develop
for himself. '

#Ability to oroposed ways of testing hypotheses,

%Ability to plan a unit of instruction for a
particular teaching situation,

Contd,.....
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1¢30 DERIVATION OF A £ET OF ABSTRACT RELATIONS:

The develooment of a set of abstract relations either
to classify or explain particulur data or phencaens, or the
deduction of propositions and relations from a set of basic

propositicnz cr symb?ie renrocentetions.

£Ability to formulate ap»ronriate hynotheses based
upon an analysis of factors involved, and to modify
such hynotheses in the light of new factors and

considerations.

6.00 ° EVALUAT ION

Judgements about the value of mat ¢rial and methods for
given ourposes. Quantitative and qualitatlve judgements about
the extent to which material and methods satisfy criteria. Use
of a standard of aporaisal, The‘criteria may be those determined
by the student or those which are given to him,

6.10 JUDGEMANTS IN TEZIMS OF INTERNAL EVIJENCE

Bvaluation of’ the accuracy of a communication from such
evidence ec logical accuracy, consistency, and other internal

criteria,

#Judgirz hy intarnal s*andonrde, the abilitv to asses
general probability of Aaccuracy in reoorting facts
from the care given to exactness of statement,

documentation, proof ete,

#The ability to indicate logical fallacies in arguments,

6.20 JUDGEMZNTS IN TERMS OF EXTEANAL CRITERIA

Evaluation of material with reference to selected or

rewembered criteria.

*The comoarison of major theories, generalizations,

and facts about particular cultures,

*Judging by external standards, the ability to
compare a work with the highest khown standards
in its field-esvecially with other works of

recognized excellence,
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nf cal _ and training:

Educatinn and training now represent the largest single natinnal
expenditure and meny economists and politicians now believe that it 1is
Jubtful if society can any longer afford the high costs and low
productivity assoclated with instruction. Teaching and training is a
highly skilled professional activity and a great desl of what teachers
and lecturers do both within and outside the classrnom, involves
making decisions »f nne kind or annther, The emphasis on the manage-
ment of learning is now to give teachers and lecturers useful and
valid criteria egsinst which they can choose alternative courses of
actinn in the light of the assu-mptions they make about the nature of
teaching, the objectives to be realised, the resources avallable, and
the character of the students inveolved,

The teacher OF lecturer is seen not only as a learning resource,
but also as a manerer of leaming resources, able to balance and
reconcile the conflicting task needs of the curriculum with the
personal and group needs of his students,

Education, as we have seen, is concerned with change, for we are
1iving in an environment that is constantly creating problems of
obsolescence, Unfortunately, past pattems of organisation in educa-
tion and training hsve tended to introduce a degree of rigidity and
lack of flexibility that have made changes difficult to introduce or
accept. Changes have been introtuced, like programmes learning,
and independent learning,~have t _.ided to create nev educational,
soclal, and administrstive problems, so that people have ultimately
become disemchanted with them.

Modern organisation theory and its systems concept, on the
nther hand view change, innovation, and growth as the natural result
of -a concerted response to a new situation. Teachers are seen ss
managers of learning resources, charged with the role of chnosing or
deciding between alternative teaching and learning strategies,

T Alstinesiy quellties of modern organisation theory are :
\its. conceptual-anslytical base, its reliance or empirical research
data, and above all, its synthesizing, integrating nature. These
are all framed in an overall philosrphy that believes that the
only meaningful way of looking at organization is to study it as a
system, and such & vicw is largely new at education and trading,

A more meaningful eoproach is to take a whole view, both task
and humnea nf thelearning. system, and to determine how each of the
many .constituent psrts interact with each ether,



FIG : EDUCATIONAL TECHNOLOGY
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Isolated parts can rarely prowide adequate information about a system,

but a system can srovide valualle information about the functions fulfilled -
by each of its coirronents, Such an aoproach is nothing, more than an
application of th: Gestalt concept.

Educational Tecmoljgy : & theory of teaching :

Bucational technol.ogy combining both the hardware and the ‘software
approaches of the other two technologies, build a bridge between educational
theory and practice. 4s a result there is beginning to emerge an assoeiated
general thenry of tesching, a guide to pedagogy, so that we need no longer
be overdependent upon a theory of learning. Bruner characterizes such

a theory of %zaching as one that sets forth rules concerning the most
efficient way of achieving knowledre, skill, nr attitudes, and he

considers that these riles should be derived from a more general view

of leaming. Educatinnal technology provides the necessary conceptual

framework fo." this ni s approach and helps to ameliorate the problems steiming

from the neacs of »r 3ducation or training system to service, grow and
\e{op the rapecity te adapt and to manage chenge,




The teacher Aecturer —manager :

The concept of a teacher-manager with the four functions of planning,
organisation, controlling =-md leading, offers a degres of renewned
professionalism to a teacher and .astructor, At thc same time it provides
for the possibility of improving the overall effectiveness and quality of
a student's learning -xperiences, Three fact~~s are particularly important
in terms of this contributinn: defining learning objectives, choosing
appropriate teaching strategies, and assessing the suecess of the system
in realizing its objectives.,

This management approach towards learning, and teaching resources

pr~vide both a physiology and a pathology for education and training, for
which learning prescrintions can be written., Just as medicine has moved
its emphasis away from the treatment to the prevention of disease, so
education and training cen amphasize the orevention rather than treatment
of learning probleams end feMures.

Teachers and l:cturers must ensure that their thinking is contemporary
with opportunity &nd not limited by out of date patterns belonging to past
education and training practices. g

Viewed fraom the management approach it is possible to isolate and identify
the four broad functions that characterize the work of a teacher-manager

1. Planning : This is the work a tescher does to establish learning objectives,

2. Organising: This is the work a teacher does to arrange and relate learning
rasources, so as to realize these ohjectives in the most
effective, efficient and economical;

3. Leading : This is the work & teecher does to motivate, encourage, and
insnire his students, so that they will readily realize
learning objective:z;

4, Controlling : This is the work a teacher does tn determine whether his
organising and leading functions are successfully
realizing the objeetives which have been set, 1If the
objectives arcnot being realized, then the teacher must
recssess and regulate the situation - not change his
objcectives.

Mthough these four managerial functions are separate and disparate
activities, they must be viewed as a cycle of related activities. Together
they define the spccialized area of a teacher or lecturer's prnfessional
crmpetence and expcrtise, Together they make up the education and training

management prncess,

Fig:2 The four inter-related functions of the teacher-meanager
and treining-mansgers
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The design of a learning system:

The philosophy of the teacher- anager introduces 2 further concept
into education and treining, which is of particular value in the design
of a learning system, This is the conept of management by objective,
which is related to the simple idea that a manager cannot axoreise his four
functions unless he is able to determine whether his students are successfully
realizing the learming objectives that have been set for them. Once theso
objectives have been defined and the learnirg resources orgenised, the main
concern of the teacher or instructor is to manage in terms of the results that
are obtained,

Flg.3s The successive steps involved in developing a learning pyptem)
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1. Planning s+ involves sctivities 1,2,3,4,5,6 and 14,15 - defines the
ncture of the problem learning system has to overcome:

2, Organising : involves activit'zs 7 and 11 - way in which resources are
arrenged:

2. Leading or direction:

involves activities 8 and 9 teacher adds to system to guidec,
help and inspire:

4, Controlling : inveolves cctivities 10 and 11 - valuating success in the
learning system:

I. Plamning function of the tescher - manager :

Planning is the work a teacher does to establish learning objectives,
Vhen a teacher-manager plens, he sttempts to s

1. analyse the test;
2, identify the tr-ining need and
3. write the learning objectives;

In this way, he is able to forecast the learning requirements of the
test, before he allocates the rrsources necessary to realize them,

1. gnolysis of the Tests

Me of the very first steps in developing sn eduectional or -
training progremme is to analyse the nature of the nctual task
involved, Some tesks are purely acedemic or intellectual in
nature, others are primarily concerned with physical skills,

Regardless of the nature of the tesk, ‘it 1s necessary to detemmine
both the ingredients and th characteristics ¢ the topies or job
that the student has to learn, It is only when these precise
characteristics are known that the training need can be established
and the lenrning objectives written, Tor this reason greet care
must be exercised in cerrying out the task anglysis, for the ensuing
document formms the basis of the lesrning prescriptions.,

(a) Topic onelysis: This involves a detai%gd analysis of intellectual
tasks;

(b) Job anclvsis : This involves a detailed analysis of-tasks
involving physical or psychomotor skills, The techniques
concentrate on what is done when the tesk is carried out. Job
analysis involves such tasks as setting up a lathe. '

(c) Skill anelysis: This involves the further analysis of psycho-
motor tasks, But this time concentrating on how the job is .
accomplished, This involves intricate and subtle hand-eye coordina-
tinons, '

4s Mager has pointed out 'with the task steps identified in detail,
we can better avoid the teaching trap of including mnre theory than
necessary desirable, ond deep the course performance oriented., Without
this detail we might add hours or days of unnecessary theory.

2, Identifying a training nced;

In the past there has been a tendency - particularly in industry to
believe that education and training schemes are the most appropriatez
woy of ensuring thet performence is brought up to tne required
standards of proficiency. But as we have seen, there is more than
one way as overcoming perfc:iance deficiencier and a point thet
crurses on. instructional technology tend to ignore. 0ne of the
more successful ways of deciding whet training is necessary,is to
decide: whet triining is not necessary. This involves determmining
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strategies, such cs orgrnizational change, can be considered,

3. Yriting objactives: There is probably no single procedure in educa-
tion and industrial training that is more importont than writing
learning objectives, ‘hat Gilbert has more rcurately described as
'Prescribing the mastery r..ponses?, :

Stating nbjectives in performance terms, indicating the renge of
conditions under which performance is e.pected, and then defining
acceptable lovels of LiwaudiV pu--uvililice, ure important steps in
educationzl methodology. Such an sopmach enables us to organise
and explain the learning ohenomena in a small: number of precise
statement, thot these stntements ageinst actual experience, predict
behaviour, apnraise the soundness of decisions while they are still
being made ~nd help tecchers and students to anhalyse their experience
and so improve their performrnce., In this way, teachers and students
are able to view evaluation as an integrsl part of the total learning
system, rather then as on irrelevant chore to be accomplished as
quickly as possible and then forgotten,

II. ORGANISING FUNCTINN (F THE TE.CHER-MANAGER :

Organising is the work a teacher does to arrange and relcte learning
resources, so as to realize agreed learning objectives in the most effective,
efficient and econom1cal way possible. When a teacher-manager organizes he
ottempts tos

1. select &n eppropriate teaching tactic;

2. select aporopriate eudiovisual lesrning aids;

3. select an aporopriate class size;

4, select ¢n appropriate ctrategy for comminicrting complex
rules, procedures and instructions;

In this wry the teacher mansger is able to create the optimel
learning environment for realizing the objectives of the educstion or trrining.

1, Selecting en appropriate teaching tactics

The purpose of tzcching is to bring abert o desired change in the
learner's behaviour, Teachire should meke a student diffcerent in terms of
what he con do nr rccomplish., The task onalysis and learning objectives
constitute a prescription for leaming. They prescribe, in effect what
has to be accorplished. In ~rder to bring these changesabout teachers
have to follows

(a) teachins strotegies
(b) teaching teetics

The problan nf selecting an optimal teaching and learning tactic
can be made agrinst the bewic criterion of the learning structure or objective
to be reglized. Such a view looks upon teaching from a new direction.
The teaghor is seen cs ¢ manacger of learning tactics and strategies, tasked
with resterueturing tho student's cognitive behaviour. The present approach
which egphasise the structural properties of the task, offers something
of a modql ng-inst which important decisions can be made,

2. Selecting eppropriate cudiovisual learning aids:

nnge the losrning odjecetives and the subject matter structures
have been carefully isolated and identified, teachers are in a much better
positimp to seclect thnse audinvisusl materials that cre most likely to
help thelr students recch the required levels of mastery.

Cognitive nbjectives can be realized by all i,V.Mctericls.
Mfegtive objectives are beet realized by sudio aids, pictures, films and
telavision,  simulators cnd language laboratories. Psychomotor objectives
ar e best rsalized by cudio aids, 1'rge mndels of resciity; simulators snd
Lranguoge laboratnrics; ficld excursions end visits,



3. Selecting an eppropriate elags size:

The pressure on education and training resources is now acute, so that
the problem of determining the optimum size for a e¢lass or learning group
hes become a pressing one, The size of the class secums to depend upon the
optimum inter-relatinn of syllabus training pctterns and cell splits, as
well ss teacher-mennine requirements, equipment availebility, programming
difficulties, and the physical size of the clessrooms.. The optimum class
slze is determincd by the number of people a teacher must orgenise, lesnd, ond
control, so as to reelize the learning objectives of the task.

4, Selecting an cpprmoriate stretegy for communicating complex rules and
instructinng:

Systematic decision making and problem solving are becoming incressingly
characteristic of man; cducation and training progrommes, The problem is
essentially a communicction one, it has nften becn wrongly diagnosed as a
learning difficulty =2nd training hes been accordingly: lengthened. Re-
placing continuous prose, hnwever, with Job rids such as heuristics, elgorithms, cn
and decision tables have usually reduced the problem ond diminished the need
for formsl instruction.

ITI. THE LEADING 03 DIRECTING FUNCTINN OF THE TEZCHTR-MANAGER:

The leading is the work a tescher dnes to motivete, cncourage ond guide
students, so that they will readily realize agreed learning objectives,

Yhen a teascher-manager leads or directs he attempts to :

1. harness student motivation-
2, select an appropriate teaching strategy for all ages so as to
realize cognitive, affective and psychomotor objectives ;

Leadership is an aspect of orranisation. . 4 leader by his vory pnsition,
is nbliged to be effuctive and his effectivess denends to o large extent upon
his sensitivity rnd style. He must balance the needs of the learmer and the
demrnds nf the leamirg task and still get the right things done,

1. Harnessing student mntivetion: Mntivation is the hidden force
within us which imbels us to behave in a particular way, A1 too often
we have tended to motivete stuents by appeszling to their basic needs and
thereby imposing extrinsic fomms of motivation and encouragement.

These involve only nno of the many strategies svailable to teeschers and
instructors and students need for autonomy and self actualization have
been largely ignor:d mainly because it has nnt been readily apparent

how leearning tasks cen be organised so as to realize them for a majority
of studants, UTnrichment involves the fundamental quality of the learning
experience nnd is therafore a2 key enncept in the hamessing of student
motivation,

2. Identifying an nppropriate teaching strotegy : The style the
tcacher adopts will have a great desl to do with the ultimate success
that his students experience in learning. Some of the strategies are:
lecturer method, lcsson demonstration methed, group discussion methods,
Tutorials, Rnleplaying, ccse studiesand games, brain stroming, programmed.
learning and computer assisted instruction, independent study, leaderloss

groups and sensitivity training;
T:c strategy uszd in sensitivity training is

() to increrse the nbility to appreciate how nthers react to
one'c nwyn behaviour

(b) to incrovnse the ability to goyge the state of relationships
betweon othors



(¢) to increasc the ability to carry out skillfully- the bcheviour
required by the situction. . Scnsitivity training sometimes called
IT! groud training, laboratory training, or group dynamics is a
techniquo which amploys group participation in such a way as to
help participents become aware of how thay affect others and others
affect them, '

TE CHING PSYCHO: OTOR SKILLSs

Every job hes both a knowledge and skill ‘component a knowing and
a doing side. Whilc the reolative proportion of these two components will
vary from task to task, skills analysis over a wide range of jobs suggest:
that certain industrial skills have similer structural characteristics
or properties, Teeching the skill content of eny job largely involve
getting the student to do things, -and this-means that a tescher must
exercise five brord respensibilitiess

.(a) he must demonstrate the skill to treinees as a- complete
cycle nf overations; - -

(b) he must brook down the skill inte related, but separate
sub-routines end demonstrate these just as a skilled worhes
would porform them;

(¢) ho mst tell, and then show, trainees how a skilled worker
actuzlly obtains his results;

(d) he must allow trainees to continunusly practise ecch of
these subroutines until they lesrn the skill beyond the
criterinn,

(¢) he must then ensure that these subroutinss are chained together
(retrorressively and pmgressively) and the cofmplete skill
overlcerned through crnstent practice,

Performonce on psychomontor tasks is largely a function nf the
habits and skills acquired on the task itself,

THE CONTRN "LING FUNCTION OF THE TEACHER-MANAGER

Contrplling is the work a teacher does to determine whetheor his -
organisipg and lecading functions aresuccessfully realizing the objectives
which have been sct. If the nbjectives are not being reeslized, then a
teacher must reassess and regulate the situatinng,

then 8 tencher-mancger rogulctes or controls he attempts tos

(2) evalucte the learning system
(b) measurc lcrrning
(e) manage by loarning objectives

In this way, the teacher-manarer tries to determine whether events
conform to pPlans, cnd to change failure into success; only his effectivencss
cen copvert resources into results,

i, Bvoluoting o learning course: Examinetions can also be allies
in thq battle to improve curriculum and tecching and such ap epproach is
backiesh offoct of the cxaminations,

Such*cn eonroach-underlines the importance of properly constructeu
criterion tests, Not only are they messuring ingtruments, but, in a rcal
s;ense, they are nlso aids to improving the nwerell quality of learning
cxperiences, -



2. Mensuring Loearning: Much of the difficulty in most evaluation studles seems
to stem from the nsturc of the measurements taken, the sssumptions that

are made and the sclection of the tegt statistics for use in the subsequent
analysis,

3, Mongging by lenrning objectives : Management by objectives is a
process whereby the stverior and subordinste mnnegars of an orgenisation
jointly identify its common gnnls define ecch individual 's major areas of
responsibility in torms of the results exvected of him and use these
messures as guides for opereting the unit and assessing the contribution
of each of its members,

The application of menagement by learning objectives to education
and training enables objectives to be rclated to the decisions that
teachers and students mcke in a learmning environment.

In the context of learning snd training, Management by objectives
consists of a continuous process involving four main areas of action:

1. setting organisational aims and objectives, znd then deriving
subject and topic objectives;

2. writing a learning guide or prescription, which also includes
information on key results and performance standards;

3, Agreeing a learning improvement plan with each student;

4, systematicelly reviewing each student's performance and then
counselling him so that he can overcome his weekness, build on
strength rnd cccept responsibility for self development;

The proper use ~f humen _resources:

The application of maﬁagcment by learning objectives to educction
and training enables the objectives to be related to the decisions that the
teachers and students make in & leurning environ-men-,
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1. Would it be technical if we plan to train an engineer who
is generally wellversed with rudiment of all the basic 3 or 4
engineering branches. If this ‘s so, would 4 years be necessary,
can be think of making » general engineer within 3 years out of
the 4 years course so that next year woula be used in a particuler
field of specialisation,

2, Can we think of engineering degree itself as made up of
two types one terminating at the end of 3 years which is meant
for only maintenance works where as a full course graduates of
4 years duration meant for the snecialised fields of R & D,
higher study etc., or shall we say that we totally reconstruct
our education programme, planned at end of every 5 years taking
into account the needs of the country in specific fields. For
Eg. Shall we plan "maintenance engineers® for the departments of
Mechanical, ZBlectrical, and Civil Engineering, the specific needs
of whom for the next 5 years or so are given to us in advance,
Then should these students be trained by us either by a University
as a whole or by a few a few institutions of the Universities?

So that these graduates  are suitable for absorotion immediately
after the training. Shall we - again think in tbrus of a few
design engineers and a few more control engineers or a few
Electronics designers, communication specialists - the list can
be really expanded i.e., the nceds of the country are basically
of the develoomental activities olanned both in the public and
private sectors for a time bound programme of 5 to 10 years,
After all the purpose of the University is to train suitable
éraduates to fit into the requirements of these enterorises, Thus
we note that our fature mode of education is to change and the
change needed is open ended. There-fore 'plan' for future
technical education is not regid but has a wide choice of planning.

Some of the points not covered in the pnaper but need
discussions include the following:

1, Train the Bngineering student in the field whide
to is.studying practical training as an integral oart
of the study.

2., Bducate the Sducator - Refresher courses to the
teachers in the field of Education,

3. Bducate the Engineer ~ short term courses for field
engineers to acquirt tnem about latest innovations

in their fields of specidlisation,

4, Continuous mouitoring of the system of Gducation -

Dynamic curricula,



= O Ql =

MODULAR SYSTEM OF TRAINING

- ByuSaenchidananda Ray
Ex-Assis’ int Director of Trair
CSTARI Calcutta,

INTRODUCTION®

Vocational Training prograumes are being conducted by oroviding
off-the-job training at the Industrial Training Institutes and
Industrial Training Centres with the folinWing ob jectives in view: -

i) To ensure a steady flow of skilled workers in different
trades to the industries, . -

ii) To raise the. quextity and quality of Industrial Producdtion
by Systematiec Training of skilled workers.

iif) To reduce une~ploymcani among the educatod youth,

The craftsmen tfaining scheme under the existing pattern of

training has successfully served the industries in supolying well

trained skilled workers' to satisf& their needs.- As the Vocational
Training constitute the main stream of nroduction or skilled workers
in the country, .it becomnes imperative that the training keeps pace
with the industrial requirements so as to increase the addotability
of trained work force, The present trend of raoid advancements in
the field of science 'and Technolo.y is constantl causing an ever -
changing occuonational profile of ‘industrial skills. Such a, change
or shift of indpetvial e¥ill, hne to be met by the vocational. trainin

to fulfil the current and new emerging industrial needs,

In order .to ensure that the Vocational Training orogrammes are
developed up directly driented towards t he skill comnetencies require
for the jobs in:the incustries and thus increasing the employment
potential of the craftumen, a task force was set up by the Planning
Commission, '

In October 1973, the task force recommended that integrated
training programmes incoroorﬁiing both off-the-job training and
on-the-job training should be introduced in selected ITIs after
ascertaining the skill requirements of industries. The fraining
programmes to b2 introduced in the selective ITIs should be formulat:
after conddcting gqualkitative skill survey of the industries in the
region, The selective ITIs should be responsible for imparting. the
required training for attainment svecial skills idenfified through
the survey,- besides the basic training, The'ﬁraining Programme in
snecial skill areas has becen recc smended to be c.nducted in 'Modul ar

form', A Training Modr'lc¢ is a. self contained entity containing speci
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skills alongwith the related knowledge within a well defined occupation
to enable the workers to attain the skills and related knowledge to
imbrove their employment standaru and/or to obtain gainful emnloyment
If these. training facilities can not be provided in the ITIs due to '
economic reasons; the modnlar frainiﬁg in such special areas would

be conducted in the ITCs,

Thus, the modular system of training enables the trainees to
learn the skills and related knowledge which has immediate value i.
their employment and makes them readily acceptable to the industries.
This system also takes into account the changes of skill profile of
skilléd worker due to technological or other changes and enables the
skilled workers to make upo their deficiencies by learning a fresh
training module or modules: |

The recommended training module is nrepared by Qﬁalitative Skill
Surveys and identifying the special skill areas in the industries.
3y critically amalysing the skills involved in a job of defined
occunational area, the required training module or modules can be
euggeéted to meet the skill requirements of the industries.

Preparation of Modul e:

.A module consxisting of employable skills is a training
programme through whic. a person obtains v.:y precise training by
virtue of which he can secure a joo, Therefore, the basfs for
preparation of a training module is the job in occupnational area,
Hence, all the learning materials have to be derived from the job.
All these learning materials must lead towards the development of
those skills which will enable a person to do a job effectively and
efficiently, The steps in preparation of learning material in
modular form is as follows:

i) Identification of a job in occunational area.
ii) Division of Jobs into functions.
iii) Division of functions into tasks.
iv) Division of tasks into task elements/operations/skills.

v) Identification of conceots to be learned to acquire the
SkiIISo

vi) Creation of learning elements, concent by .concept.

vii) Combination of learning elements into learning packages
(Modules) reflecting -

(a) Techniecal variables (b) trainee variables
(¢) job variables,

viii) Taat+ ana rovico
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A training orogramwme based on a\moqﬁle'of emoloyable skill
is delivered through one or more learniné packages containing an
apbropriate selection of learning elements resul.ing in acquisition
of the required skills -+hich are accented bv the emnloyer or which

can lead to self-omnlovmart

Identification of Job:

Job in an occupational area can be identified by the following

methodss -

a) Through d@an-power survey

'b) By studying International Standard classification
of occupations with Validation Directorate of
Emoloyment and Training.

c) By studying Wage 3oard job classification

d) By surveying industrial establishments about their
products and nature of work done by their emnloyees,

Division of jobs into functions and functiogns into tagks

It is difficult to have nrecise definitions either for JOB
or FUNCTION or TASK. It may become evident that “REPLACING 4
TELEVISION PICTURE TU3Z" for one worker be a task, for another
worker a func:ion, for another wc ker a job, He ce, it is necessary
to have opinions of workers,_suoefvisors, man agers and the emnloyer
by personal interview for clear-cut definition job, function and
task, Prior to the commencement of the interview, the persons
concerned must be , briefed about the purpose of the interview so
that they put their opinion frankly and fearlesély and the fecord
of the conversation must be shown to the interviewce after the
'discussipn is over,

2ivision of Tasks into Skills:

The outcome of the interview will certainly give a list of
accenptable jobs, functions and tasks. 3Zach of these tasks can be
broken down into very small steos., Each step represents an action
or series of actions which is nart of comnleting the t ask, These

stenos to perform a taslr is called as, task elements or omerations or
skills as illustrated below.

]

08 2 Officé Assistent/Dealing Assistant/Personal Secretary,

Task: Opening a new file.

Skills: 1, Receive instructions or identifies a need to -onen a
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Skills: (CONTD.)

2, Obtains a file cover

3. Obtains/allocates identification

4, Marks file with identification,

5. Enters details of the new file in file 1list

6. .indexes or cross references file.

7. Preparation of storage place in correct sequence,
8. Stores file. "

9, Notifies concerned oerson about identification of
new file. '

These task elements or skills are variable factors depending

on whether an alphabetical, numerical or chronological filing class:
fication is used,

Selecting Learning Elements:

Having formulated the learning objectives, the task elements
or skills which are common to different tasks must be combined into
learning packages to achieve those objectives,

Identification of concepts to be learmed to acquire skills:

By examining the task elements or skills, it becomes easier to
ideutify the concepts to be learned to acquire the skills.

For each single conceot, a learning element can be orenared
containing all the essential theory, teéhnical knowledge, aoplied
calculation, graphic information, safety and hygiene and physical
manioulation,’ |

Creation of Learning Elements:
There are four meain steos in writing of a learning element:

a) Determine very precisely the outcome of the element.
What the trainee is expnected to learn must be borne
in mind while determining the essential learning.

b) Write the learning objectives in measurable behavioural
term, Prepare a list of tools and equinment and learning
aids required for training. '

¢) Design a progress check will measure the trainee's
achievements,

d) Write the text to include essential theory, technical
knowledge, applied calculation, granhic information,
safety and hygiene and practical work for skill
development,

Where necessary and possible, a check for instructor must

be included to test the trainees' achievemcits, If necessary,

instruction should be followed by dewvusivraiion for better attain-
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Combining Learning Flements into Learning Packages:

The objective is to prepare a training programme which will

develon the correct selection of sxills and the correct level of’
skills which will be acc~ptable to an emoloyer or will lead to a
self-emnloyment,

Therefore, ‘apnronriate learning elements must be selected by
considering the following three pnoints:

a) The level of trainee.
b) The approoriate coverage of technical variables,
c) The job specification,

If we are going to train craftsmen, Apprentices who must have
a good theoretical as. well as practical background should be selected
so that ‘they .can . cone uo with -any situation wﬁich may arise during
their work . then all vossible learning elements must be included in
the learning package.

A learning package can only be constructed in consultation with
the emnloying establishments or on the basis of an on-the~spot
analysis of the actual training need.

If this is done vroperly then training orograume will exactly
r%natch the job descrintiens and will give comnlete coverage at an
aporopriate level of learning corctaining 211 essential elements,

a v
]

In cases, where the job is very limited, comnletion of one learn-
ing nackage will lead to empnloyability., This will be a one package
module of emoldyable skills. For comnlex jobs, there may be more
than one learning package.

- A module of emoloyable skill may contain one or more learning
package. Depending om the level of trainee and training, a learning
nackage may consist of one or more leafning elements, '

Testing:
Each learning element will inevitably reflect certain choices

made by the author. The format may be standardised, but the text
and choice of illustration will vary fron person to persoan,

Hence, every learning element and every learning package
(module) mustoass through several tests and periods of revision to
ensure that the objectives are acuieved,



Apolicabilitys

Training mwodules for occunations using universally applied skills
and technologies are currently being ﬂevelopédféghtrally by 1LO
exnerts, After field testing and validation, these modules can be
effectively used for truining industrial wo.kers, It should be kept
in mind that some modules may need to be adanted to specific training
requirements of particular industries.

Jobs which are not universal and are non~standérd, training

noduleé needs to Be orepared for specific nurpose to sati$fy the
need of the industry of the region.

Avolicability with respect to different entry gualifications:

The modules of emnloyable skills are equally applicable to
secondary school certificate holder and to early school leaver beccause
the system is based on "fixed achievement in ® variable time",
Therefore, the trainees irrespvective of their entry behaviour, ca
acquire requisite skills for some degree of emnloyability even if
all the modules are not completed., This. may provide them with
immediate emnloyment or self emnloyment. This will lead to the
possibility of acquiring further skills through modules so as to
enable the trainees to move laterally and vertically,

Apolicability in Craftsmen Training Programme.

The Craftsmen training programmes are sometimes outdated,
outmoded, inanowooriate, tob theoretical, too general and often in
excess of those actually needed by workers in performing their.
routine work., But by using modular training system, the irrelevant
content of traditional craftsmen training programmes cdn be elimineted

-and the duration of the training can be eliminated and the duration
of the training can be substantially reduced and there will be
gualitative improvement in attainment of skills,

Aoplicability in short term training programmes (undating,
upgrading, refresher anmd retraining)

The modular system of training is not only aoolicable for
nre-emnloyment training of the worker and reduces the overall training
neriod. But, this can also be imparted to a worker in stages
througheut his working life so as to prepare him for a specific
function or task of a job and to motivate him to learn further
modules to update and upgrade his skill and knowledge, Acguisitioa
of skills from different areas is pnossible and niacticable through
mojules. This will make a worker or instructor fit for a number of
jobs, Therefore, modular system of training can be nrofitably anolied



Applicebility in In-Plant Training:

In acquiring skills through traditional innlant training
programmes, the trainee has to depind on the expe.tise of a skilled
worker and his willingness to spare iime and concewtradion. The
industrial establishments do not give priority to impart best possible
skills ' to the trainee at the cost of oroduction, Under these cir~
cumstances self-paced learning technigues inherent in modular system
of training is advantageous as the learning materials canm be used
individually and at aporooriate times without loss of nroduction,

Aonlicability in 3ural Vocational Training

In rural areas there is »nlentry of scone for self—emnloyment and
the establishment of small scale industries. Modular system of
Training can be effectively aonlied for develanment of polyvalent
skills required in rural areas with the help of mobile training unit
and village coooerafives. The modular units have to be developed on
the basis of specific skill requirements of the region, o

Aoplicebility in Engineering Educationg

LY

The modular system of Training can also be effectively used in
engineering education, specially in the area of surveying Bngineeriag
Irawing, Workshoo Practice, Electrical Iﬁétrunents, A-C machines,

J-C machines, Instrumen'atioﬁ, Electronic Measurements, Heat Engines,
Building Construction etc, bui the-wviauics have to be develoned on
.the basis of skill requirements in consultation with level of treinee
and the coverage of the technical variables and c areful selection

of learning materials. | |

Conclusion

It is essential for the training policy makers to understand

- that modular system of trainihg can achieve maximum efficiency and
effectiveness only when all the elements of the system are present,
If the building and other facilities, the training staff and the
tools and equinments required for the training orogrammes are not
orovided and if budgetary nrovisions have not been made for raw
materials required for the traioning, then the modular system of
training will be failure like other training orogrammes, There is,
also a need, for close cooncration and active sunnort from emnloyers'
and worker's organisation for effective implementation of the
programme,

Rk YR
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APPENDIX- - 4

FOMAT - A

( For General Information )

" Name of the Establishment

Address

Standard Industrial Classification Code No.

Major Code No...eeesevss» Minor Code NOoe.oosocesoss

Type of Production

"~ Nature of Production Piece Work/Assembly/Mass Production,

Size of the Plant Small/Medium/3ig

Total: No, of Persons Employed..sceeees

Total No, of ‘Jorkers Emoloxed
Highly Skilled cesecseacn

skilled ® e o 80 ¢ 0 @
Semi Skilled e T TR

Any other Category......-..

SectOor v....o...... Public/Private
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FORMAT - 3

( For Identifying Training Areas )

=1 Information regarding the Workers required to be trained
. 'in_special ski™1s
- - .

’

Sl.

Occupation/§ Grade/ Io re- Prescribed Minimum Qualifications
/Trades for Level quired
which Work-{ of work &co be
] Any othe:
| quired to | the occu-¥ tional § nical | ence Special

} be trained | pation/
i in special ] trade
skills.

:

Ment1on

i
};ers are re-{ within
)
2
| Category)

. ] I
tralnedg Educa~ | Tech- § Zxveri-

{
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FORMAT - 3 (Contd)

3 - 2 Information regarding aoonrentices

ITI l 1976 ' 1979

] N ;
51 ! Nos. re- | Nos. Actuallyl"r(’bable changes
;0. i Trade ' guirec to | under Trg. :_g'}e tO.;f_}goartlg;lonb
. : Bl traine) : : jliversification by .
i | as per Act | Presher(Ex- | i
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FORMAT - C

Information regarding job descriotion
(snecified by the establishment)

(Job) .....¢000vv.... JOb descrintion: Attach a Copy......

| List of functions involved within the job Remarks

y




Trade/Job.

Function,

-—

. * L] o . [

G

.
19 .

POLAY

-,

Test Analysis,

Interview/Observation/Discussion

Item

Descrintion of task

{

|

Working
ACC,

F'requency

Criticality

Difficulty

|

|
|

rsk/-




-Q13-

FORMAT - ) (Contd.)

Item

Machines & Equioments used

t

Materials used

Tools & Instruments used

Ramarks if ax




fORMAT - B

- Q1% ~
Skill Analysis
Trade/Job ., . . . . . « « . .
function . . . . . . . . . .
Task . L2 [ ] - L] . L] [ 3 [ 2 o
] .
Item | Descriotion of skill | Tyne of skill 1§ Teaching Method _ Equipmentu

4
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Curriculum Develonment

Trade/Job +.c.eeeencesess

mnction e ® o 0 00 e e 0o b

Skill l -Trade i{> - dorkshoo : Engineering
Item Theory 0 Calculation and drawing

Science

-

1 - 2 3 ' M
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JOB : ELECTRICIAN
el . List of fun.tions

No.

1.1} HMaiuatenauce 907 uvacicasto

1,2 Maintenance of Lighting System

1.5 Repair and Maintenance of Motors

1.4 Repair and Maintenance of Starters

1.5 Maintenance and Revair of Transformers

1.6 Rewinding of Armature

1.7 Rewinding of Stator

1.8 tewinding of Instrument Transformer

1.9 Checking and Revair of Electrical
Instrument : Aumeter/Voltmeter

1.10 Checking and Repair of Electrical
Instrument ¢ £nergy Meter

1,11 Checking and Repair of Electrical
Instrument ¢ Megger

1,12 Checking and Renair of Electrical
7 struments ¢ Centrif se

1,13 Checking and Repair of Zlectrical
Instruments ¢ Control Switch

1,14 Renair and Maintenance of Relay

1,15 Maintenance of Circuit Breaker

1.16 Maintenance of Panel Board

1.17 Cable jointing
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FUNCTIOIT ¢ 1,2 - MAINTZNANCE OF LIGHTING SYSTEM

5L TASKS SKILL i SKILLS/0P ERATIONS INVOLVID

NO . INVOLV D NO.

1 2 3 “

1, Repair of 1.01 Reading the main distribution layout
line faul drawing on receival of lighting

comolaint,

.02 Isolating the faulty line froum
the mains by switching off the
line distribution switch,

1,53 Removing the fuse units away.

1.4 Keening a caution board on the
switch with instructions: Jo ‘not
oneratte the switch, Line is
under repair.

1,05 Checking the mains suonly by
means of voltmeter to ensure the
rated voltage at incoming side of
the 'switch,

1.96 Aseeratining deadness of the
isolated line by means of test
lamo or tester, oy

1,97 Checking fuse nmwﬁﬁummmm,mow
correct fuse wire,

1.08 Cleaning dirty contacts by sand
oaper end tighterning the connec-
ting screws of the switch and
distribution Board,



! = W/SdOP CAL. ENGINZAAING  EQUIPMAENT
R “TREDRE AND SCIANCE JAANING NZDZD
5 6 7 8

land tools -
their use and.
care,
IVectrical
Swftty precau-
tiovs, Flre
fighting,
First aid,
Artificial
respiration,
Ilectricity
regulations.
Descrintion .
of different
electrical
fittings and
a: :essories
main switches,
distribution
board, fuses,
cut out,
switches, lamo
holders, olugs,
joint boxes,
push buttons,
ceiling
roses, refle-
ctors/shades,
light fittings,
Differcnt
tvnes of

Use of swit-
ches and
fuses, coniu-
ctors., .

and insulatanrs,
Commoun fra-

ctions addi-
tion substra-
ction, multi-
plication and
division,
Decimals addi-
tion, substrac-
tion, multioli-
cation. Conver-
sion from fra-
ctions to
decimals and
vice versa.
Aoonlied work-
shoo problems
involving
addition, subs-
traction,
multiolication
at;id divicion,
Properties &
uses of copoper,
aluminium
solder, timber
and ‘ruober,

Free haaid
sketching
of common
hand tools

Sketching
circuit
svmbols,

Freehand
sketching
of light-~
ing cir-
cuits,

Blue nrint
reading.

dirc gouge,
Knives,
Ccable stri-
npers,
Hamiers
Screw dr-.v:
3radawls
Pliers,
Joodsaws,
Pl2ster =aw
JeulG Chi el
Cold chiel
Rawlplug dr
deand 3ri.l;,

Sreast 1:-il
Angers,
Trowel,
Spirit leve
folding rul
pluab line,
Megger,
Teust lamp,
Pocket test
Main switch
Jistributio
boards, ‘
Fuses,

Cat out,
Sw.

24128
.-L [~ :ﬁ

a\\l
L} e I vy

s
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1,09 Renlacement of broken fuse
cartridges and changing the
fuse wire,

1,10 - Checking and tightening the
" ling-screw of return path,

1,11 Tracing the circuit layout
with the helo of cirucit
diagran,

1,12 Testing the continuity of
wires through conduit
section wise to locate fault,

1.15% Measuring insulation resis-
tance of the circuit by
megger.

1,1 . Replacing the faulty wire/s
by means of new wire/s.

1,1% Measuring insulation resis-
tance of the circuit again
for - record,

1,16  Testing all single vole and
double nole switches and
outlet points in the d recuit
for continuity by means of
megger

Overating/checking switch tuggles by
hand to ascertain soring function,

Chenging the faulty switch,
Canecking the countinuity of circuit.

5 6. 7
cables - PVC Metric SyStem
insulated, conversion
and sheathed, factors, Uses
. T3S, MICS, of Megger.

MLAS, PILSA :
ete, and

their uses,

Tynes angd

Sez2e5 Gf

conduits-uscs, Position of main switch,
distribution ward, 8% switch and lighting
fixture. Estimation of materials for
wiring circuitv, Use of reference bhooks
and tables. <Viring in workshoo,

factories and houses, purvose of earthing.
Various methods of earthing,

Flubrescent Use of loga- Free hand
tube fittin s rithmic table sketching
their constru-  for multipli- .of circuit
ction. Chara- ‘cation and .diagram.
cteristics, division,

available

wattage,

connecton
diagram etc,

" Rheostats,

chokes ond
capacitors
used in
lighting
fixtures and
taeir
aonlicability.

Plugs,

Joint béxos,
Push buttons
Aeflector.:
Ligat fitiings
Cables, '
Conuudts,
Zartahing vire.
farthin-~ _o4d,
sarthing rlatc
Char coal,

Blectricians!
coamon h~n¢é
tools,

Hegger,
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Sunner School on Wethodology of Teaching and Training
for the staff of the Engineering Colleges.

————— -

J C E COLLEGE 07 SNGINEZRING & RAGIONAL COLLALGE OF EDUCATION
MYSORE.  AUGUST 4th to 30th's80

———

T0O AXAMING OR NOT TO BXAMINR?Z

Dr K.N. Tantry

Teaching has its own pleasure and »ains. The aost
nalnful »art to be played by a teacher is when he has to eva-
luate his students. Jdvaluation poses painful nroblems to the
teachers. There is no choice left to the teachers but to be-
cone highly objective. HEvaluation is an essential nrecondi-
tion for assigning grades. The future plans and prosnects of
his students denend unon the result of this erwial act of the
teacher. Carelessness or lethargy during evaluation have
shattered the hones and asdirations of many young nen and
woaen in our country. Th-ugh the present exaanination system
has been subjected to the most severeiridicule and criticism,
the need for an exanination as a tool of learning has not
decreased over th2se years. BEvaluation has been so much dis-
abused by dishonest teachers during the nast 2-3 decades, that

it is being very seriously doubted in many educational circles,

whether the system has any merit in it at all.
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Apart from the fact that evaluafion is a tooi to
grade students according to-;heir-méntél ability, teachers
shou;d consi@er it as a very convincing evid: nce of the

strength and ‘weaknesses of their own instﬁuctional coapetence.

A basic defect in the highly objesctive type of
evaluation is the fact this technique ‘does not treat its
"victims" as human beings at all. It sets a unifora high
standard and no matter wﬁat hard and ﬁonest work has gone
behind in tying to reach that standard by &a individual, {t
puts him down mercilessly as an underachiever if he does not
'reach' that standard.A bright and lazy student -might have
reéched it by a casual study while the one who has struggled
day and night froa a very low level night have missed it very
narrowly. Should there no reward for the honest students?

The objective assessuent by a teacher on the nerforamance of
these two individuals would -2rhans dzstroy the yearning for
learning *y the so-called underachievers. Iet our exanination
system has no solution for this tyne of probleau. idowever,
knowing its linitation, we can look at the whole evaluation
systemn objectively and look for ways and means of plugzing the

loonholes of the system.

How and how not to evaluate?

Absolute honesty: I am not at all sugresting even renotely

that teachers are dishonest. Jor do I nean that deliberately
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a teacher will punish his students by giving a very difficult
test. Bﬁt aven if unintentionally students are graded wronzly

. the student 1s the sufferer. It is always essential for a
stucont to know what is he exnacted to learn and what the

- _teacher 1s going to test.- The objectives of lzarning and test-
ing ought to be identical and both the tesacher and the stucents
should be awvare of it so that they would both bc working to-
wards achieving the s~une goal. Imagine the »erforaance of ;. t.-~n
of hockey playefs not ¥knowing at which goal they;are ex»ected

to hit the ball to score, There is the faznous study resort of
Ia class of aarine quineers whose »erformances were bad in the
first. test, better in the second, good in the third and very
bad in the final. The study shpwed that the students who were
tested by a teacher in the first test were uhawafe of the eva-
luation procedure and objectives of their teacher and did badly.
In successive tests they showed remarkable iioroveient as they
gained faailiarity with his techniques. Tha final test rras by
an entirely different porson whose objectives and_evaluation
criteria were entirely new and unexnected. A very honest eva-
luation nrocedure is one vhen the teaching and learping obje-

ctives are very clearly known to the teacher and the learncr.,

Frequency: Denendence on a single or two evéluations as a
yeardstick to judge an individual's ability is unethical.,
There are very many variables which influence the narformance

levels of students who are Wng evaluated. Surorise test or
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test by teachers of different subjects all within a short

span nf time, would result in poor verformance by many
students. A very lerge number of evaluations too, is unhealthy.
A compromise 1s needéd. As evaluations help both the teacher
and the learner, it would be good nractice to have evaluation
done at the end of every unit. Such evaluations heln the
student to warn him.of his shortcomings and act as danger

signals for lazy students.

When instrudion is through programned learning tech-
niques, evaluation is in-builf in the system itself as a stu-
Qent w-uld not proceed further till he 1s mentally sure of his
level of learning. In fact, there is continuous and n»ersis-
tence check at every point of learning. No wonder then that
those who are too sensitive give up learning altogether, due

to t'is 'nagging' evaluation.

Variety: The word "examination" strikes terror in the hearts
of young and 9ld. Manv, who in their later life, »roved 'genui-
ses!' were disgusted at this tyne of examirmtion, which meant sitt-
ing through a 3 hnurs ordeal under scrutinising eyes of super-
intendents. Bu% by far this is the most popular type'of eva-

luation nrocedu:e followed all over the world.

Its gdvantagea_aré:

1. That the same question or very few questions can be 'used

to evaluate i very large number of students under exactly
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simllar sets of conditions. It is reasonable to assume that

the grading would be unhiassed.,

2. The time consumned in this type of evaluation is very littlec.
3., In these days of students' denand for a chzck on the teacher's
objective assessment, the written answers can hbe used as proof
of their performance. |

.4, The evaluation item may be prevared well in advance or stored
in the form of question bank and retrieved deonending uoon the
fyne of objective or question needed for testing.

5. The test could be adopted for checking both the breath and
depth of students' mastry of a subject,

6. It is easy to construct,

These are the important advantages, esnecially, fhe
last one, mentioned above, Hence nany teachers resent the very

idea of changing from this tynes of 'paper and nencil tests',

However, we shonld becar in nind the fact that we
learn more things outside the classroom than inside., We eva-
luate the clothes we buy, the food that we eat, the articles
that we ourchase the friails that we have, not by facing such
a written test. We use other techniques and they too are equa-

lly convincing.

Skills are best evaluated by asking a itudent to

de nonstrate them, value judgements can be tested by elicitation



- 36 -

or informal discussion, leadership qualities arec tested by
groun work: crcative abilities are evidencad by writing or

othery over msnifestation s like modéls, charts, instructional-
naterials. There are perhans as aany techniques of evalua-

tion as there are behaviours. There arc some who can be brilli-
ant leaders and others honest-and handworking followers. The
.sane tool for teéting thea w~uld not bring out these latent

qualities to-liae-light.

Variety then, in evaluation, helns a teacher to spot
the various covert manifestations. Surnorise test, quiz
tests, debates, brain storning sessions, oven book tests, demon-
stration, prenaration of charts, static and dynazic models etc.
are all other useful was of evaluation, equally effective in

grading students abilities.

Intent: We are awarce of th:- consequences o7 erratic evalua-
tion. Whether, we like it or not a grade card hap»ens to he
the'entry nerait for young men who enter the world froa out of
the gates of our colleges. The whole conaunity views his

grade card as an index »f his trus achievement. A biassed eva-
luation would dampen and hamper the orospect of a yoﬁng ren
getting emdloyed arywhere. Students becone rebels and lose

resn ct for the teachers,

All eaployers view a candidates grade card as an
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accurate guide to thce aental abilitics and the skills h~ has
develoned during the course of hisstudent career.' It has thus
to be sqientificaliy documented and iavartially presented.
Systematic evaluation at regular intervals by'a variety of
fechniques honestly to assess the Imowledge and skills and addi-
tional relevant data regarding damonstrated effort and/or nossi-
bilities for useful rcaedial instruction shonld Be the sole
intent of all teachers in order to save the much maligned cxa-

mination system from condemnation.
How useful is an evaluation?

An objective evaluation of a student should be truly
reliable. Reliabilitv is a measurc of the probability that a
student would achieve the same scorec if the saze test is adninis-
tered to hia/her or how close the test scores are if the saae

student faces two equivalent €oras of the test,

Another criteria for evaluation is its yalidity-
Validity may be either »f content validity or it may be predic-
tive validity. By'cvnﬁeqﬁ validity we asan the evaluation 1né—
trument measurcs what the teacher wants to measure, be the” con-
tent or the skill objective in question. Predictive validity
is a aeasure of how well a pupil ﬁerforms ina later test based
upon his orevious tests. Closer the correlation between the

two, the higher the »sradictive validity.
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We havce answered the question 'why should we cva-
luate'? All our tests are intended to detoruine the studonts!
abilities relative to the instructional objectives. This
means we counare the students' performance with some well dc-
fined noras or critcria. Hence we call then Criterion-Refc-

renced Evaluatinsn(CRE). While discussing objectives we have

taken great care to definec thea in teras »f expnected punil
beheviours in minimun accepmble standards. Hence such evalna-~
tions(CRE) are accurate instruments of detecting who can and
who cannot rcach these norias and how faf away is the student

fron the set goals.

Howcver, these tests are not able to give valid
comarative data about an individual's verformance. But if
we woild like to get a cleai picture »f every students' perfor-
dance in relation so the nerfor.ience I :vels of a group of stu-
dents at about the sase aental abilities(called the norning

groun) the tyne of evalmation is called 'Norp-Reference-fva-

luation(NRE) (e.g. NSTS 2xa1a or entrance test for IIT-Mediccl

Colleges etc.), The recliability of NRZ's directly related t-
the size and hounogeneity of the noriing group and with the
generality of ¥nowledge and skills being tested. Generally

NRE carry a wid:s range »f tost iteas differing in difficulty
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lcvels s» that the bright can be msily differentiated fronm
those below average whereas in CRE's the items are of more

less equaldifficulty level.

Stondardiscd tests: There arc co.adercial agencics which
construct suitable test items based unon the necds »f any
snacial groun.
Thase tests are so designed as to have-

1. high discriaination nowzr,

2. high reliability index,

3. equivalent difficulty level for »narticular aroun of

target students.
4, good biserial correlation
Detailed instructions are sunolied nnt only in the

adainistration of the test but also in the interoretation of
the results of thcse tests. However, these tests are gmera-
lly not always reclated directly to the classroom sbjectives,
As such their content validi®r may be quastioned. Tcacher :nd.

tests are suitable tests for class rooa evoluation while stend-

ardised tests ars for o lurgs student target porulations.,

Standardiscd tests are classificd intos
1. Intelligence tasts
2. Diagonostic tests

3. Antitude tests and
4, Achievai1ent tests .

Opcp book tésts: arc intendad to help a2 student check his

ability to gather inforaation froa rasource aaterials in a
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liaqited tinz. What is peing ovelueted is nnt rote acnory
but his skill in locetine “hc right answers froa a numbof of

relevant material in a 1initzd tize.

Take hone tests: arc z2xtensions nf open book tests whare the

students?! abilities are tosted by giving hin a longer inter-
val of tiaz. The type of cvaluation itens arc of higher

levels, viz., aprlication, analysis or synthesis,

What tynes of test itens?

Let us start with the 20st faaiiliar teacher tests--
Essay tync. These arz the casicst to set and that is why so
popular. Its grcat advantoge is that it deaonstrates student:’
understanding of th¢ relati nship aimg a .ot of information,
as well as the tc.al understanding of 1ll the inforaation on
a topic. It is a single question vaich is oxpected to evalua-
te higher naental abilitics like organising data, sequencing,
interoreting, inferring ctec,, in the rcnln of synthesis and

evaluation.

But the dis-advantages a-e aany-

1. Objcective evaluation of the essay is difficult as diffcions
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evaluators grade the szic ossay differently and it is cven
known that the sane 2x»1iner grades the saic essay differcntly
at differcnt inter als of tinac.

?. DIssay questions could be guessed. Those who succeed in
guessing correctly ret better gradazs than thosc who fail to
corrcctly guess,

3. Thosc whosc lanpguage is good and handwriting ncat arc
nor1mlly graded highir than thosc who cannot writc ncatly ond
forcofully.

4, Objectives arc not clecar to studounts and they arc likely

to go astray.-

Unl.ss the essay questions arc thoughfully nroedarcd
the re:licbility is »oor. Howcver, onc can iaprove the cssay
tyae questions by...

1. B-ing unambiguous oand not 1islcading the studoents, tell
hinn what vou oxnict and how .uch of it.

2. Give cnough ti.c for a student to ~rganisc the inforaiation,
He 1s suprosed to be conversant with the rclovant data but
roguires tiae to priasznt then well.

3. Do not have any precoﬁceived notions about the studcnts.,
Better not sec who has written it but how hes he writton it.

4 , Have a nodel answor and coanare all answers with this a1ocel,

Short answe:(Short Essay): Unlike the ¢ssay, the objcociives

are liaiited, the nuaher of words or santoaces are soecificd s»
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that the student is cl:ar what and how auch is cexpected of
hina,

Objective tecst:

1. Multinlc Choicc: We have talked about instructional objcc-
tives. Thoe idea of cvaluation 1s to confirn how aany and how
well these objectives have been achicved by a student and
grade hii accordingly. We have a varicty of choices like, the
aultinle choiec, iatching, truc and false, and coapletion items
to szlcecet for the construction of objcetive tyne tests. Unlike
the cssay tyne test items, the teacher has to snend quite a
bit of his tiuac to construct an objective tyne tust naper. He
has to identify all the instructional objcctives and if he waats
to tost the in-denth understanding of a students., must have a
very large nuaber of iteas at his coimand. The greatest advan-
tage 1s that cvaluation is less time consuaing and hiighly

obhjective.

’

Even the objcction of its oo ocnonts that it is
tiae consuiing could be overcoae by having a question bank
with itecas for various objectives listed, for the content of

the unit or units.

Multiple choicc tost itms arce quite useful because
they can bc constructed casily, to test cognitive skill rang.-

ing froa sianle reecall to analysis.



- R13 -~

Baer1l: Who should be held rasmonsible for not foaraul~ting
nracise instructisnnl objectivas?

. Princinnl

. Teacher

Stud.:nt

., Collzrc HMonoge went
Deont. of Bfuecction

O oD
o

Apnlic~tion: A tust nerforacd by n group wos as followse-
),35,40,45,5,45, '7.5 The node of the tost score is-

A 42,5
B 27 .5
C 35,0
D 45.0
B 40,33

Anclysis: A Beckaon theranacter issued to tarce students for

2 narticnlar oxneriwnt wos found bhroken ot the end »f the d-~y,
The students ple~ded throt they wore not rasnonsible as no ane
noticed the hairline cerack which wrs nerhans there ceven whon
it wns ~iven to then. What should be Geacher do in order 6o
fix the resoonsibility for L2 broakape?

gusHznd the studants £i11 Fhow 011 +ha trath

finc 21l the three

check froa tha brtch of the students whe had used the
cxneriaent carlier,

let off tho studoents as it wag their first act of
naaligence.

« check first the Lab, nssisant, cheel frot the orovisus
bateh of s:ud:nts seoarstzly, to dccidz whether to fine
and then czleul~te obout the quantus »f fine t5 be
i-mosed.

QO U

[a R

(@)

Construction »f 2 277o¢ aultinlc choice 1tul

reguires eront care wnd exoerizncs.
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uscd
ruc_and Trlsc: It can be conveniently/for tosting only

o &

the lower lovels of learning. A najor disac/nntages is the

high »robability (%) of guessing corr ctly.

It is neccssary to bear cortain key-points in the

construction of such test iteas.

Matching: This too is gencerally canable of tosting lowerlevils
of loarning skills such as rccall or understanding. Sonc guidc
lines are to be bornc in 1ind while nreporing these jtcas.

Coanlcotione These iteas are n19st switable for testing recall

a key word or a vhrasc. It 1Is the least uscd of the objective
iteas. Better itoms couvld be nrepared if we note soae uscful

noints,

Quick Reference Guidelincs— Teachor-Made-Tostse

OBJCTIVE T&ST3:

1. Advontogese

a. Provide a broad saanling of studzants'! knowlades,

b. Prisent che sce nroblems and the saie alternn~tive
to caeh student.,

¢, Minimize the chance of student bluffing.

d, Can be scored quickly 2nd with 1little, or no nced

for subjcctkve drcisions,
¢, Itcas can be iaproved on the bais »f iten annlysis.
f. lelicbility ean he incroased throash itea improveient.

2. Dis-odvontogese

a. Di7ficult to assess snac cognitive skills, such as
synthcsis and crcativity.

b. Incroases the nossibllity of guessinng.

¢, Iteas trnke o rolatively lone tiie o construct.



3.

A

- R15 -

Utilisation Tactorgse

Conscruction and Adainisi _ations

1. keep the lar -uage simmle,

2. ask students to anoly, rather than sianle recall
inforaation.

3, make sure each item is indenendent

4, do not establish or follow a nattern for corrcct
responses.,

5. do not include trick or trivial qucstions.

6. do nst answer questions after the test has started
unless you do so public:

Multinle choice itens:

1. nut as much of the itea as possible into the Stox.

2. nake all options reasonable

3. do not p»rovide unintentionsl clucs

4, avoid the use of all-inclusive pr all exclusiwve feras.

True/Tplse itens:

« Be sure that each item as definitely true or
definitely falsc,

avold the use of all inclusive or all exclusive ternas.

be sure that iteas are not denendent unon insignifi-
cant facts.

. be sure that true itcias are not consistently longer
or shorter than false ite=s.

. avoid the use of double negative and coll attention
t> single negatives t - underlining -~ carpltalising
the negotive word,

[ ] L

o > W -

1. 1liait the nuiber of iteas to be i1atched to ten or less.

2. 1ake sure all itewms concern one topic.

3. have aore answers than questions or stinulate that
sone answers can be ovsced nore than Hnce.

Comnpletion itcnss

1, write iteas that can be coipleted with 2 single word
of short phrasc.

" 2. be sure that only one word or nhrase can correctly

coaplete the scntence.
3. nut the blanks necar the end »f the scntences.
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4, make all blanks the sanae lcngth
5. do not »ut a1ore than tw o blanks in any onc itcn.

BSSAY TESTS e

1. Advantages:

a. eamhasize high-lcvel cognitive skills, such as
synthesis and cvoluation.

b. nrovide an in-depth sa:mling of students'! knowledge -
of snecific tonic. .

¢. allow for student crecativity, analysis, and synthesls
skill assessient.

d. BEasier to construct than »bjecctives tests.

2., Dis-adventasces:

a. reliability and validity tend to be lower than on

objective tosts.
b, biased in favour »f students those who writec well.

¢. grading is tiac-consuaing.
d. increase the nossibility of bluffing.

3. Utilisation factors:

a. be definitive about what y»ou cxncet from students.

b. 1mkc surc students have sufficicnt tinae and naaterials
to do the job. 4

c. grade nmapers as anonyaously as nossible.

d. nonparc cach resnnse: to a asdcl resaonse or to a
list of crucial noincs.

¢, do not 1ix esscy iteas and H>hjoctives iteas on the
sariec test.

WHAT TO DO AFPTAR TESTING?

The purpnse of cvaluation hos been understood to
2ssipn grodes to students. One »f the aethods available for
granding 1s the 'curve! aethod. In this method one has to cal-
culate the SD to berin with a fairly casy way of calculating
SD 1s as follows:-

1., arrange the aarks in the decrcasing order of nagnitude,



Rel7 e

2., find the sua of the tov sne sixth as well the botton one
sixth.

3. subti:ct the latter froan ae foraor,

4, divide the di~fzorence by onc helf »f the total nuiber of
students .

90,.95, 75, 75, 75, 70, 70, 65, 65, 60 % 40,
Let the grading be based on the scheme.

A = 1.25 SD or
B = 0.25 SD to 1 .25
cC = 1.0 SD to 0.25
D = 20 SD to - 1,00
E = less than -2.0 SD
Approx. SD = (95X90) - (60X40) _ 1,

6
Mean score = Toksl. ..

' No. »f students ‘
865 - )
= 5 — ?2 -, ~ 4 O +1 ¥e.

A 1is any score above 1.25 SD of the mden 4 /3¢ e 2

72+ .25 x 14 = 892 .5
B is betwecen 88 and 72 0.25 SD = 75.5

sinilarly ﬁe cen calculate-

A =89 or greoanter
B = 75-88

C = 58-74

D =44.57

E =

43~ or ‘lower

Another interesting or nore popular mcthod of

ossigning grades is the "eyeball" method.
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Consider the obove example again, Four ways of looking as

it are:=-
100 179 v 100 100 A
95 1 95 1 95 A
90 A 90 A
85 85 90 95 B
80 B 80 85 B 90
................. (o TR S NS —
75 70 80 85
70 ¢ 65 75 80
60 - C 70 75
, 65 70
o : 60 C 65
......... e e e e o280 C
65 i 55 55 . B5
60 D 50 D 50 50
I 45, - A 45
55 )
501 I .
45
40 , 40 40 F 40 D
35 F 35 F 35 35

In order t» help.a student and guide hinm, it is
advisible to notify at the cnd of every test the nodel ans-
wers for the tesu. This is quite helpful to the new entrants

to a college.

WHAT IS THZ MECHANICS OF TEST CONSTRUCTION?

A well constructed test brings satisfaction to
both the.tcacher and the lzcarncr. This can hapnen when the
two are aware of the objcctives of the course., The basic

points to be bornc in nind before constructing a test arc...
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1. the objectives of the cHurse

2, the duration of the test

3. the distribution of the s~ores for the different lasvels
of learning like 'mowloage, coanrchension, apolication,
skills, synthcsis, analysis etc,

4, the need to dis.ount guessing and scicctive study by
students.

5., the allocation of scorcs for cach test iten.

These are best achieved bylproparing a detailed
bluc-nrint for 2 teste.

?he toachar has ‘to lookat the instructional objcc-
tives of the courses and the understaming levels of his stu-
dnets, based on thesc he has to decide upon a distribution of
the total scores for the various levels of learning. A scheie

of distribution for a course aay 122k like the follrwinge-

Knowledge 20 (K)
Coanrchension 30 (C)
Application 30 (4)
Skills _20.(8)
Total =100

He has to analyse the entire content in terms "of
snecific bchavioural outcoiaes brovght about in his teaching
course and clnssify then into knowledac, coaprchension, apili-

cation and skills desveloned,

He has to sclect froa aiongst these, those objcet-
ives which he fecels are iinortant froa the noint of final
evaluation.

He has decidc the tynes »f questions he would be

selacting for cach »f thc content, objecctive, short answer or
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1., the objectives of the coursc

2, tho duration of the test

3. the distribution of the s~-res for the different levels
of learning like 'mowlcapge, coanrchension, apolication,
s¥ills, synthcsis, analysis aetc,

4, the neced to dis_ount guessing and scicctive study by

studonsts.,
5, the allocation of scorcs for cach test iten.,

Thesc are best achiewved byrnreparing a detailed
blue-nrint for o test.

?he tcacher has - to lookat the instructional objoc-
tives of the courses and the understaming levels of his stu-
dnets, based on thcse he has to decide upon a distribution of
the total seores for the various levels of learning. A schoim

of distribution for 2 cHourse 1ay 122k like the followings-

Knowledge 20 (K)
Coanrchension 30 (C)
Anplication 36 (4)
Skills _20_(8)
Total =100

He has to analyse the entire content in ternms "of
snecific bchovioural outcoiaes brought about in his teaching
course and clnssify then into knowledse, eoanrchension, anili-

cation and skills dzavecloned,

He has to sclect from aiongst these, those object-
ives which he feels are iinortant froa the noint of final
evaluation.

Hc has decide the tynes »f questions he would be

selactineg for cach of the enontent, objective, short answer or
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2ssay, under ench level of learning.

He has t» distribute the scenres for cach »f the

He has t» check, carcfully whether im the total
allotacnt of time allotted, a student gets cnough tine to any

answer each quastion and gets a few ninutes for revisi-n too,

He has to scc that there is no scone for gusssing
and that only those who have studices the cntire course get

dfne credit and not those who have naade -nly a sclective study.

He has to nrcnarc a key to the test and should

ascertain that the tiae allotted is quite sufficient.,

He has to give cholces, it could be only internal

choices rather thaan choice of contant.

He has to check the questions to find out if they
are - ambiguous gro waasicnll: incorrzet T conbain clues to the

answers.

He has to r2i:caiber that the student is under tension
and that tecacher shomld heln a student to cxhibit his lcarnings

and not a crininel to be pursued till he gives up.



A blue print has the general format:-----

Test.l..."..'...ti...

Time.l...'....l.......

Teacher........."..‘...

Classn................

7

Marks.‘..l.'.’.......'.

—_—————— T

S1. Tnstructional Knowledge Comprehet.zion Application Skills e e

Yo. Objectives me .| Marks,
SA 5

ovj.f SA B

ObJ SA E

with content

1. To be able to
descriminagte

2. To be able to
Infereeeeee

3. To be ahla to
recallec.ess

4, To be able to
see relationship

5........

60.0-....etc.

o:c;:' SA[ E

v

=

Testing 1s not a process of punlshing pupil's at the end of a course. It is a sehome for Ausr ling a,satis-
“eotory certificate to the palns takine @ffort of a pupil.

P

f



- R22 ~

L FE ES

1. Diaderich Panl 3:-

Short- cut Statistics for Teacher Made Tests.

Evaluation and Advisory. scries No.5

_ Prince Town N.J. ETS 1960,

2, T-rwilliror Jexs S -

Assigning grades to students,

"Glennin, Ice, Scott Forcaan & Eo., 1971.

3., Ebel Robert L :=

Essentials of Educational iﬁhs&eqénf'
"Engle wood, N.J. Printice Hall, 1970.

4. Stanly Jalicin C & Kenneth .D Hoptins:

Pass Ievel"” ,
Centre for the Study of Medical Education,
University of I1linois-1, Colloge of Medicine,
Chicogo. 1972,
5. Mager Robert F.
| Mecasuring Instructional Intent

Belnont, California, Licr Sicgler,
Fearon Publishaers.

"3etting _Standards o* ._(‘o_:_péten‘ce, The Minirum

Li/



ARE WE
REACHING
THRO'
TEACAING, ,,?

I.S‘TOE.
SUMMER SCHOOL
ON

L 1 METHODOLOGY ©F
TEACHING AND
TIAINING

Regional College
of Hducation and
Sri Jayachamara-
jendra College o
Engineering,

MYSORE- 570 206.

METHODS
OF TEACHING
APPLIED PHYSICAL SCIENCBES

(LEACTURE NOTZES)

-By Sri H.G.Ramachandra
Lecturer in Education,
K.S.E.F.College of Education,
TUMKUR - 572 104,

Tuday; teacking .s compared to
commur. .cation engineering. It
is a cyclic process but, not =
linear process in the present
context of exploding in forma-
tion, a teacher can no longer
confine himself to be p oresent
of information. He shoul:l
play the role of a manager .1~
learning situations., 4s a
co-ordinator of learning exne--
riences, he should move towarils
maintaining a reflective atmos-
phere in his classrooms., And
he has to strive for ootimising

technology of Zducation throug:

Py PR - I S B T SR T e
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the need for integrating men,
material and resources for
optimising learning has to hz

realised by our teachers today.

Reforms in science teaching ae now
in the air, 'Science should
be taught the scientific way'
has been our slagan now.
The growing emphasis in
classroam practices in science
should be shifted from learning
to thinking,., This requires a
revolution in our avoproach to

science teaching. To aim at
EMPHASIS TO 8E
SHIFTED FROM

realising "Scientific humanism"-

a concent which involves a

TEACHING TO

LEARNING progress in teebnology in
velation to our culfurel,

THINKING
economic, social, spiritual,
ethical and human values is
very important. The aim of
higher science education
should not be an over -
comnitment to technology.
Educational research in science

THE NEED teaching has not nroduced any

FOR AN . .
one method of teaching which

INSTRUCTIONAL

SYSTEM is best for develooning all

objectives.




TdE CRITERIA
OF a4

GOOD
INSTRUCTIONAL
TECANIQUE

IN SCIENCA,

THE PSYCHOLOGICAL

FOUNDATION

- 8% -~

However, t he difficulties encountered

| by most of the teachers in
teaching sciences should alsc B¢
;borne 1n mina while evoloing
‘instructional strategies for
better results. Some methods =2r
more“effective for skills then
scientific knowledge the 'na:turec
"interest! and the 'need' of
the learners should underlie

any method,

Since the areas of technology are
graving in comolexity and
sophistication, the need for ¢
good grounding in science,
mathematics and communications
bécomes increasingly important °_
technical cnrricvwla, The sub ‘e
physics, chemistry, wmathematic.
in technical education genera: .
fail i smally to accomnlish
what is exvected of them, 3uceus;

/this
of / - olight of physiceal
sciences in technical education;
we should -2aim at planning a acw
and hopefully move effective
nattern of teaching physical
sciences, 4n insoirationel,
creative science teacher will
make use of A variety of technij-
/oroviding

ques in / * the  studer:s

with varied learning experiernc:;
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TOWARDS
JEVELOPING
INTELLECTUAL SKILL
TECANICAL
COMPETENCE AND
SCIENTIFIC
ATTITUDE,,....

RESZARCHES
ON

SCIENCE TEACHING

1L

p

in order {» develop in them
intellectual skill, technical
vowpeivuie aad attitude. A dio
in the Ganges of Piaget a great
nsychologist - makes every
teacher sensitive to the strength
and weaknesses in ‘his techniques
and procedures, The educational
implication of Piaget's work

in evolcing structures intellec-
tual/ézzelooment, Ausubel's
researches, Gagne's view point,
Bloom's mastery learning theory
and so an have far reaching

to consequences to our Scicnce

Sducation,

Tuere uave deeu a good number of

studies which are directly

and indirectly related to
thinking and methods of science
teaching. However, new

studies in a wide frame of
reference are urgently needed.
Some of the outcomes oqf the
many vresearches //cafﬂﬁﬁg

in this regard have led to



TOWARDS

AN

INSTRUCTIONAL

SYSTEM ..

- & saww

PATTERNS

some. INSTRUCTIONAL SYSTEMS or
methods of effective transmission
Still. Lecture Method, Demon s--
tration Method, Laboratory Metho1l
Problem soling aoproach, Project
Method, Discussion Technique,
Heuristic Method, Cantract and
Historical Method have their
nlace in ‘science t eaching at
different levels,
[
Stanley Hall's study of the contents
of the students' mind emphasiscs
; the importance of primary
experience ratter than bookisn
knowledge. Banks studied the
development of children's
tavugut watu tue nelp of
Demonstration exoeriments.
Kniglak investigated some
behaviour objectives .. for
laboratory instruction, He
stresed the heuristic mettimod
in the teaching of science.
Charren George investigated
the effect of open ended
experiments on the achievement
of certain ohjectives of
science instruction, He
followed the experimental
design for this study. Heo

concl "ded that experimental



that each third of such a
module woulu engage a student
for ab.ut a week, and this
scheme has the advantage that
much can be learned by workiag
with only the first two parts
or even the first part of ¢
module. The working groun at
the Edinburgh conference in
RaB CONSINSUS 1975 weve unanimously of the
s w W opinion that the barve notion
of an experimental investiga-
tive pattern of learning

- physics showed high potential

fgr effective utilisation

g ir priwmary, Secondary and tertiary
education fields as well as
in technical education scheme,
PHYSICS PROJECT LA30RATORIZES wer>
THE - started at MIT in 1964 on a
PHYSICS opilot scale with about 50 studer
PROJECT 2 faculty members andl 2 Graduaxe
LAJORATORY Assistants, There will be
AT MIT , ., . . . 6 section of 24 - 26 each and

one faculty member per section.
This is 'Six hours a week!
scheme and the students speni

ticme in the 1ab. huilding

annaratus, testing, measuring,

taking data Their



TOWARDS
AN
INSTRUCTIONAL

SYSTEM

1

A FEUW

PATTERNS

some. INSTRUCTIONAL SYST&MS or
methods of effective transmission
Still. Lecture Method, Demon s--
tration Method, Laboratory Methol
Problem soling aooroach, Project
Method, Discussion Technigue,
Heuristic Method, Cantract and
Historical Method have their
nlace in ‘sciepnce t eaching at
different _levels.
2 [
Stanley Hall's study of the contents
of the students' mind emphasises
: the importance of primary
experience ratter than bookis:a
knowledge. Banks studied the
development of children's
tavugut witu tue nelop of
Demonstration exneriments,
Kniglak investigated some
behaviour objectives .. for
laboratory instruction, He
stresed the heuristic metisod
in the teaching of science.
Charren George investigated
the effect of open ended
experiments on the achievement
.0f certain objcectives of
science instruction, He
followed the experimental
"design for this study. do
concl ‘ded that experimental

exoneriences provided to the



A MOJULE ,,.....
LA30ORATORY -
CENTRED
INVEISTIGATIVZE
MODE OF
TZACHING

PdY, SCISNCES

S6

The

critical thinking in Chemistry
there ace other studies which
relave to the use and effecti-
veness of autio-usual aid 1in

science teaching,

American institute of Physics
which set up a National steering
committee to nlan a programme
in this regard has contributed
certain effective instructional
systems that could be imnle-
mented at technical education
centres, The consensus arrived
at was that experimental
exnerience would be more suita-
ble for technical students
than text book centred learning
and this experimental exverienc:

should occur in a modular farmat.

The pattern of Laboratory -

centred investigative mode of

teaching physical sciences

has imnlication that reach
far beyond the relatively
limited purnoses of technical
education, The work done
at the Technical Hducation
ilesearch Center at Combridge,

Massachusett , U.S.A., is



really commerdable in this regard.
The general strategh for building

mocule is as follows:

I PART - Giving a general,
gqualitative presentatic:
of what will be going
an in the module,

introducing physical

concepts,
STEPS IN
IT PART - To have the student
THE
make such measurements
MODULG

EVOLVED .. ....... on the device in opera-
tion as are needed to
disclose what is going
on quentitatively Aand
then disolay the results

of his measurements

grapohically.

IIT PART - Taking the student
inté measurements
and discussion that
show (or are intendes
to show) what has
been learned in the
first two parts can
be used to investigzste
and understand a

hroader range of

phenomena than thos~

which comnrise th«o



THE CONSENSUS

THE
PHYSLCS
PROJ ECT
LAJORATORY

AT b{IT . [ . . .

SS -

that each third of such a
module woulu engage a student
for ab_ut a week, and this
scheme has the advantage thet
much can be learned by workiag
with only the first two parts
or even the first part of e
module., The working groun at
the Edinburgh conference in
1975 wexre unanimously of the
opinion that the barve notion
of an experimental investiga-
tive pattern of learning

- physics showed high potential
for effective utilisation
ir primary, Secondary and tertiaxry
education fields as well as

in techniecal education scheme.

PHYSICS PROJECT LABORATORIES wero
started at MIT in 1964 on a
nilot scale with about 50 studerts
2 faculty members and 2 Graduaie
Assistants. There will be
6 section of 2% - 26 each and
one faculty member per section.
This is 'Six hours a week!
scheme and the students spenid
time in the 1ab. building
apnaratus, testing, wmeasuring,

taking data Their
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THE
KELLZR PLAN
AT

ML.I.T,

S9

note books and discussion with
them v 'ull enable the teachers
to observe their progress
during term. Dduring the time
for nreparation, they go to
the library, . track down
references, read the classies
backgrand and study data,

They also think about what to
do next, There is a weekly
lecture period at which 10-15
minute talks are given by

each student concerning his
nroject., The rest would form
the audience one can set
collective progress during

the term in these meetings.
Naturally, as usual, imagination,
inventiveness, ability, and
exnerience help - some exoles,
of Mechanical, electrical,

ontical and vacuum exots.

THE KZLLER PLAN AT MIT, a self-

naced, student—tutoreﬁ,
mastery - oriented industrial
system, has been a pooular
technique éf teaching-physics
at MIT, The system uses
lectures for motivation,
instead of for transmission ol

infarmatinn and uses them onlv
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Students nroceed at their own

naces, aski.g for unit achieve-
ment t sts when they feel
ready, Failing a test means
only a delay; the material

A must be restudied ana another
test taken an the same

SELF - PiCED;

STUDENT - TUTORED, material. Students take as

MASTERY — ORIENTED many as 3 tests per week if

INST, SYSTEM,..... they wish.  Here, we should
distingnish between teaching
and the transmission of
information - the student
must do his part and the
teacher must evaluate and
resnpard to the students'
efforts., Toe student is an
active element in a orocess,
not merely a receiver of

information - THE PROGTOR,

ASSISTANT AND INSTRUCTOR,

AND THR
Uf course, INTER-DISCIPLINARY
OT HER
APPROACH in science teaching,
APPROACHES

DISCOVIRY APPROACH, HISTO.1ICAL

METHOD, LECTURE - CUM -

DiMONSTRATION and so on are

L the other instructional

techniques in science =2ducation,



Attemnts toward evoluaing a
svgtems annrnach in teaching

are gaining momentum,

In spite of individual differences,
a teacher is expected to guide
each individual in the dire-
¢tions pointed out by the
outcomes sought, We can con-

clude with CARLETON saying -

"THZ SCIENCE TEACHER GETS HIS
JO3 DONZ ONLY 3Y WHAT HE

INDUCZS, MOTIVATES, CAJOLAZS,

THE

INSPIRES, FORCES, OR
CRBATIVE,

CHALLENGES HIS STUDENTS
INSPIRATIONAL

TO DO, AND T0 DO IN SUCH
SCINCE A ¥AY THAT THEY LEARN,
TEACHZR THZ MISUSE OR OVERUSE OF

TNyt © CERTAIN METHODS IS ONE OF

THE HAZARDS THAT S1UJuNiS

{
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PROJECT . YORK .

It is said that "Practice makes a man nerfect". The aim
of Fr&jéct';o¥khi§'to make'agwéhgiﬁeér pe;fecf} Ano£hér-oro}e_
ssioﬁ“§hicﬁ.is some—@hat closédfo t he Ehgineering Profession is
the medical brbféésioh, Let;us think of a situafion wherein the
modical students are taught everythiﬁg about numan physiology,
nature and”éause of diseases and details of medicines for various
diseases,'hut are nof expased to the pracé&cal work of examining
patients, .ff such gradﬁates with Qery good theoretical background
but almost no oractical cxoerience ére prcduced by medical Colleges,
they will.eithér cut é gcrry figure before the patients or make
others feel reaily corry for their Datienté. Luckily, sugh a ‘
situation does not. exist in the nedical field. Most of the
teachers of medical collegszs are practising dbcfors 1n‘hospitals.
A medical Coilege is always assgéiatcd with a gufficientfy big
hospital. And one year'of house -- surgency is a prerequisite
for all medical graduates. &9 medical education encomnasses

good amount of theoretical %nowledee and anecessarv practical

training,

Engineering orofession is some-what similar to Medical
Profession. A ﬁoctor decals with a living system whereas an
Ehgineér'dealé with a ﬁi?sical'syﬂtem. AJdoctor is entrusted
with the-task of keeoint the hucen systemslin good condition '

but are not=resodhsib3c icyr the degign o2 cuch systems. 3ut

oa the co&tfary: enginee;; are not only resnonsible for the
weifare of the fhysi:al syotems ot aléa their design; 3ut,
Engineers, especiallyfin Ingia, learn lot >f theory reé;rding
physical systems, but very little regsrdiag oractical aspects.
The laboratory work thney dco is just a veriflication of what they
have' studied in theory erd is semewhat limited in its scope.

The laboratory workx is vst a croo for the theory. What we

exvect from Project Muil: ic fc build somerning using theory
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of convieted nersons whom the court pronounced as guilty and
were exvecting deéath penalty b+ hanging or otherwise, Zven in
such cases if the conviet does not agree, such xperiments
cannot be condwetad Mn nevticular conviet agreed to become
the subject for such an experiment and the court also granted
permission. The conviet was shifted from a fail to a hosotial,
The scientists told the convict that they would slowly and
steadily drain blook from his body and during the process the
conviet was expected to tell the doctors how he felt. The,
convict was made to lie on: a bed and afrangements we}e made to
drow blood'slowly and éte%dily. The experiment was started.
After draining 1% of blood from his body, the doctors said
that they drained only 1% and low the 5atient felt. The patient
said that he’did ‘not fedl any difference., After draining 10%
they asked how he felt, The convict said that he could feel
the difference now, YWhen the doctor said that 20% of the ::
blood had been drained, the co viect said he started feeling
week, They increase? the drhining nrocess. It was 30%, 40%
and then 50%. When the doctor said it was 50%, the convict
said he was very week. When the doct said 75%, the convict
closed his eyes and- breathed his last. Does this mean that a
person dics if 75% of the blood 'is drained off? No. The truth
.is that the doctors had not drained even one milli litre of
blood. But they made the convict believe that the blood was
being removed. As the doctor was announcing the percentage of
blood being drained, the mental state was changing and this
was effecting the body. T'hen the doctor announced 75%, the
mind accented it and thought that it was imoossible to live if
75% of blood is drained off and hence he died. By this exve-
riment they scientists wanted to show the effect of mind on
bhody., The state of the mind not only effects the body but

also the intellectual ability and pnerformance. The aim of

myvat1ant warlk 1 to n lrao T™moincere tn havw a maontal atate whirnrh
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PROJECT . WORX

It is said that "Practice makes a man nerfect"., The aim
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of Progect work is to nake an Jnglneer pe. fect Another Drofe-

ssion wh1ch is some—what close to the Englneering Profe531on is
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the medical profe551on, uet us thin“ of a 51tuation wherein the

medical sthdehis are taught everythin g about numan physiology,
nature and'cause of discasesz and details of medicines for various

diseases,.but are not exnosed to the practical work of examining

patienfs. ff such graduates with very good theoretical background

. | . a
but almost no oractical experience are prcduced by medical Colleges,

they willleithor cut é scrry figure before the patients or make
others feel feall& corry for their Da+ieoto, Luckily, suoh a
situation does not. exist in the medical fleld Most of the
teachers of medlcal collegzs are pract 1s1ng doctors in hospitals.
A medical College is always a39001ated w1th a sufficlently big
hospital. And one year of house .- surgency is a prerequisite
for all medical graduates, &9 medical education encompnasses
good amount of theoreclcal knowledée and necessarv practical

training,

Engineering orofession is some-what similar to Medical

Proféssion,' A ﬁoctor deals with a living system whereas an

Ehgineéf'deals with a Physical.syﬁtem. A doctor is entrusted

with the task o7 keeping the humah systems.in good condition

but afe not'resoohsiblc I’c*~ +he design 02 cuch systems. 3ut

-

on the contrary, eng1nee:s are not only resoonsible for the

o

welfare of the Phy51cal gyotems v 't a}5u their design. 3ut,

Engineers, especially;in Iniia, learn lo%t 5f theory regarding
physical systems, but very little regzardingz oractical aspects.
The laboratory work they do is just a veriflcation of .what they
have' studied in theory erg is scmewhat limited in its scope.

¢

Tae laboratory work is ;vst a proo for the theory. What we

exvect from Project Yuil: irs fc build somenning using theory
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The challenge the engineers have to face is more Onerous
than that of doctors from the svstems point of view, The human
system does not seem to have changed since several thousand years.
Joctors have been studying and working on the same good old
model, . But the thsk of Engineers is not so simnle. The systenms
on which they overate themselves gradually change, When an

engineer deenly studies a systems and conclude that he has
comoletely understood its intricacies, he finds to his dismay
that the system itself has become out-dated gone out of market,
This is clear if we study about 50 years of the history of
computers, The earliest mechanical computers used Mechanical
gears, Then came electrical computers using Vacuum tubes. They
were replaced by semiconductor devices, They in turn were
replaced by SSI I.C. Chins, They were again replaced by
LSI I.C, chins, So if the Computer engineer wants to remain
will-informed he has to study the new systems, The doctors may
not have t..e necessity of stud; ing new - types of human systems
unless different tyo~s of humans with new tyves of body struc-

ture come to live on earth from a distant planct,

In this connection I am reminded of a small story. It
seems once there lived a doctor who was very famous, He was
having very good practice and he used to change quitie heavily,
Once his imported car went out of order, He took it to a
garage which belonged to one of his former patients. 1In the
garage the‘;epair work was attended to., The next day the
doctor received the bill, When he sow the amount in the bill

jumped fran his chair.

"What do you mean by charging so heavily?* the Doctor

shouted at the garate - owner.
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The garage - owner renlied, "I have to change like that
Doctor, T ‘nk how you changed 'hen I was dischanged frean your
nursing home last month., You have the advantage of working on

the same moGei. Cue #e Cailbue aifora to do so, Taoe models of

ears change every now and then",

SUILJING CONFIDANCE:

The Dhysical.systems on which the Engineers Work are so
varied in natﬁre that it is 4ifficult to make Engineers orofici-
ent in all typcs of nractical work. It is humanly imoossible
to give all tyoes of practical kdowledge to Engineers, 4ani it
is not neceésary also. And there is one thing which is common
for all works. This common denominator is what is called as
"Confidence", If an Engineer has a good thesretical background
and confidence of doing practical work, he can shoulder resoon-
sibility in any fiel@. The aim of project work is to instial
confidence in Engineers. Conf.dence is a-result of a oarticular
state of the mind, :lnd is mainly resvorsible for the success
or failure of an BEaugineer or any individual, If the mind makes
a person think that he can accomnlish a cértain thing, he can
difinitely accomnlish it. If the mind makes him to think that
he does not have enough resources to achieve it, purhaps he
will be failing in his task., I would like to drow your atten-
tion to the imnortancg of the state of the mind by narratingz

a nsychclogical exveriment.

.This-particvlar experiment was conducted in a western
country. It was a psychological an1 a physiological exoperiment.
The scientists involved wanted to study the effect of mind on
body, First of all they wanted to know how much blook they
can drain fran a bocdy tefcre the soul lewves the body. But how
to test it using humens? Who .ill be prenareu. to become

subjects for such 11 al experiments? T:e scientists throught
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of convieted nersons whom the court pronounced as guilty and
were exvecting déath penalty b+ hanging of otherwise, Zven in
such casesy if the conviet does not agree, such &periments
cannot-bes condveted Nn revticular conviet agreed to become
the subject for such an exoerimentrand the court also granted
permission., The conviet wes shifted from a fail to a hosotial,
The scientists told the convict that they would slowly and
steadily drain blook from his body and during the process the
conviet was expected to tell the doctors how he felt, The.
convict was wmade to lie on:'a bed and arrangements we}e made to
drow blood'slowly and étehdily. The experiwment was stafted.
After draining 1% of blood from his body, the doctors said
that theyidrained only'l% and low the oatient felt., The patient
said that he'did hot feél any difference., After draining 10%
they asked how he’' felt, The convict said that he could feel
the difference now, Yhen the doctor said that 20% of the '
blood had been drained, the co vict said he started feeling
~week, They increasel the draining orocess. It was 30%, 40%
and then 50%. When the doctor said it was 50%, the convict
said he was very week. When the doct said 75%, the convict
closed hiseyes and- breathed his last. Does this mean that a
person dics if.75% of the blood 'is drained off?> No. The truth
.is that the doetors had not drained even one milli litre of
blood. But they made the convict believe that the blood was
being removed. As the doctor was announcing the percentage of
blood being drained, the mental state was changing and this
was effecting the body. "hen the doctor announced 75%, the
mind accented ;t and thought that it was impbossible to live if
75% of blood is drained off and hence he died. By this exve-
riment they scientists wanted to show the effect of mind on
body. The state of the mind not only effects the body but
also the intellectual.ability and performance. The aim of

nroject work is to wm.ke Znginecers to hav a mental state which
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instils confidence in them so that they can shoulder any type

of responsibility.

Tynpes of Project Wora:

They can be broadly divided into 4 tynes,

(1) Purely theoretical work
(2) Purely hardwave - oriented work
(3) Simulation work using computers.

(4) Sureey tyne of obrojects.

It is not possible to say which is better and which is
worse, Each has its onlus and minus points. The students must
be made to make their owﬁ.decisions. They are exoected to very
good work in the area in which they are very much interested.

Interest and accomnlishment are very much related,

You must have heard the stery of a Duke's son, It seems
in England there was a very rich Duke who wanted his son to
enter combridge. Buc every time in the entrance examination
the Duke's son failed in Latin language, Yhen the boy failed
three or four times like this the Duke was Worried. Finally
he engaged a young tutor to give the boy tuition in Latin,-The
tutor gave him tuition just for 2 month., This time the boy
seored very high marks in Latin. The Duke was very hapoy and
asked the tutor as to the sceret of his effective teaching.
The tutor said: "The sceret is this Sir, Interest is strongly
counled to accomnlishment, I have a collection of very
interesting sex books and other nornographic literature
written in Latin., I used to give only one book at a time to
your son anﬁ used to ask him to return it the next day. The
boy foﬁnd the book so interesting that he used to read it
agdin and again many tiwes - before returning it to me the

next day. Like this I'made him to read about 30 sex books

ernmnt b d e L oe T ot L oan A'ell-hn 1 h 2t nmd cae ey dmtavracntina + 0 him
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he studied all the books with interest and hence attained
nroficiency in Latin®, ©Of course, it is not in records as to
what the Duke renlie.. I have cited this examwple to underscore
the point that interest and accomnlishment are closly related.
So it is essential that the students should be given a free

hand to make their own selection pf nroject areas according to

their interest.

Purely Theoretical Projects:

Such projects consist of theorems, Lemmas, nrodfs of
theorems, soeculations, suggestions, and so on. They are
devoid of practihal aspects and possibilities, ¥hen I was in
Indian Institute of Science, a few years back, I know a research
scolar in the E.cotronics and Commiénications Department, dis
terms and condit’ons for ‘doing research work were somewhat very
strange., He tsed to say. I do not want to touch even one
transistor, resistor, capacitor or an IC chip during my research
work. I deo no* vant to enter the comouter centre for feeding
a nrograr. My reguirements are : very minimum, I want some
whi#e paner and &« pen., That is all." e was very firm in his
convicfipn. He nearly spent an yecar and a half choose a oroblem
of his liking ani to get a guide who would be willing to guide
him,. . His termg 2nd condiéions appear very odd. 3ut believe
me, he did very 2004 taneoretical work and his work in his

area was internationally recognised.

Purely hardware )Jrienied work:

Such a praoject ‘vork consists of using Machines, materials
and components. Some are really proficient in such works, It
is an accepted fact 1l at peonle who have a taste for theoretical
work do not like praér:cal work or are hof oroficient in it,

Similarly peonle vha sre very proficient in practical work

. - e e S - . e . w I T¥auw 4 R i T e s A e e B
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You must have heard of the Austrian Physiciet, Wolfgang

Panli, who is wellknown for his Panli's exclusion nrinciple.

According to Nobel Lauret Max Barn, who was one time teacher
of Panli, if you consider scientific insight as a measure, then
Pafli might even overtake Albert Einstein., No doubt, PaRlli

was a remouured theretical physicist, But he.was a comnlete
failure in oractical oriented work. He could never handle

even a simple equipment, Peonle used to make fun of him say-
ing that if he enters a'laboratory even the most deoendable
eguioment breaks down. His colleagus and students used to

call it as Panli effect. Even Panli accepted his weakness in

oractical field, and jokingly used to 'say that he would be
remembered for Panbi Effect rather than for Panli's Exclusion

orincinle,

Once, in the James Frank Institute in Gatengen in
Germany, 2 very costly equipment, all of a sudden, for no
reason, exploded. No. one knew how it happened. Three days
after this accident pabli came to Gatengen. Narrating this,
James Fremle said," Mr, Pawli, I am sure that you are not

"
responsible for this since you are coming here only to-day

. b

and the accident occured three days back, * Pawli thought
for a while and said: "Wait a minute, On the day of the
explasion of the equinmént, I was travelling from 8uric to
Conenhagen, The train passed through Gatengen, At the time

when the explosion occured, the train was in the Gatengen

station, Moreover the railway station is just behing your

Laboratory. I was actually in that train., So it is diffi-
cutt to say that I am totally innoent.® I have narrated this
to bring home the point that those who have no taste for
ﬂractical work need not take up - such works, but concmtrate

on other types of works,
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Simulation work @ging comouters:

This consists of making « mathematical model of the
orobleﬁ and develon 1 algorithm to solve the problem. The
suceess of the oroject denends on how good a verson is in
writing a orogram and how much of computer time is available,
It is send that writing a comnuter orofiram is more an art then
a seiences. Moreover a carelessly written nrogram may even

make a fast comnuter to apneon very slow,

survey type of nroject:
It may consist of two tynes
(1) It may be a2 survey of work done earlier. The work

consists of reading, glening and coumpiling,

(2) The wlrk may be a survey of the existing nlants and
systems. The success depends on the cooonroation of
others. |

Recentlé our students undertook a.survey of electronic

¢

equipments in hospitals,

Financial Resovrces:

Last but not the least aspects of or‘ject-work are
Financial resources. ﬁoney is not eQery thing. But every
thing needs woney. The only type of orbject which does not
need any money is the purdy theoretical nroject. The hardwave
oriented nrojects require money'for nurchasing comoonents and
materials, Comouter orientel nrojects are also expensive as
nayment is tc be'made for using the .comnuter time which is

about Rs.6J0 per hour, Survey tyve of nrojects also require

money if students are to visit no of olaces.

¥hat is the source for money? The amount sanctioned by
the University c¢f Directorate for project works is very

measre. Ia some Colleges the management mcets these exnenses.
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Some times private Industries come forward to Finance eartain
srojects if they feel that the oroject 1s.usefu1 to them. 1In
Karnataka State we have the Karnataka State Councii for Scdience
and Technology Know<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>