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CHAPTER ~ T

INTRODUCT TON

"Curriculum for the ten year school-An Approach
paper" prepared by the National Council of Educational
Research & Training ( NCERT: ) (1975), has made the
following observations about Science Education in India.
There is hardly any need today to justify the place of
science in a scheme of general education for school
children. Sclence 1s all pervasive. Modern societies
exist on the basls of science, Science 1s intimately
related to the means of production and means of communi~-
cation, including transport. Even economics and politics
have to depend on scientific factors such as productivity
from land or from industry, povwer of g;ggnl weapons or
the speed of transportation of ground/air forces. In
the present situation anyone, therefore, in any walk
of life must be aware of certain quantum of science
and technology. Secondaly the scientific method extends
far beyond sclence., All disciplines are becoming
scientifie. The method of observation, of making symbolie,
graphical or linguistic models, designing experiments,
of applying reason as well as imagination to draw

conclusion from data to formulate theories, the method



of keeping an objective view while theories are tested
is a2 method which prevades every discipline, Facts of
today may not be facts of tomorrow and theories may also
undergo change, but there can be no going away from the
method of Science".

()  SCIENCE EDUCATION I APRO!

Science policy resolution, Govermment of Indla
(1958} visualised training of men in scientific and
technieal skills, so that they will  solve the natinal

problems of hunger, disease, scarcity and under development.,

Third Education Commission (1964) made the

following recommendationss -

a) Modernisation of curricul®; stress on
experimental and field work.

b) Proper balance should be maintalned between
experimental work and theoretical agpects.

e) The experimental work of under-graduate and post
graduate students needs speclal attention to
improve quality of practiecal work and to
integrate it with the learning of theory.

UNESCO Plamming Mission (1964) also made a detalled
and critical survey of the state of science, education in

India. It made a strong recommendation that a practical



and investigatory orientation be given to school science,

teaching in Indla. Many follow up measures were taken

up to implement the recommendation.

Some of the major recommendations of the UNESCO

Planning Mission regardiné practical work were:

1)

2y

YR

M-

5)

o

To provide for one combined laboratory for teaching

' ' general sclence in c¢lasses VI-VIII and separate

" 'laboratories (Physics/Chemistry & biology) for

Teaching 'Sciencé in senior classes IX-XI.

To follow certain specific lay-outs and general
equipment of lecture rooms, laboratories in

Physics/Chemistry and Biolozy.

' The work rlace of a teacher in a study room should

be equipped in Such a way as to create therein all

' necessary conditions for covering all type of

- activities by the teacher and the pupil's.

The work piééé for pupils should be two seater

table where he can carry out all types of work,

Provision of the laboratory Assistant's room.

"The follow up ineasures of the mission vere:

‘Russian text books were adopsed/adapted and

‘transiated in English/Hindi.



2)

3)

)

)

Manufacture of science kits for the primary stage
(demonstration only) and for the middle stage
(demonstration as well as pupilts Kit,

Preparation of teachers gulde, test items and
audio visual material to support science teaching.

out of school activities like Sclence ex hibitions,
field trips, surveys and sclence club activities,
popular science lecturcs, Science magazines
relevant to school children etc. Earlier such
activitles existed = only in im name but now they

are organised on a large scale and on a substantive

basis,

Rigorous pre~gervice/Inservice training for science
teachers whereln content and methodology were
suitadly blended. New type of teacher training
courses ware initiated vherein students were taught

the content and methodology.

In order to raise the level of teaching sclence and

mathematics in Indian Schools the followlng measures were

suggested to be taken in the light of the recommendations
made by UNESCO Planning Mission {196L4«66)s-

1)

To finallise the preparation of pllot syllabi
(prototypes for states) of science and mathematics

as compulsory subjects in classes I-VIII.



2)

3

k)

5)(1)

(11)

(111) |

6.

7.

To prepare pilot syllabl (prototypes for states)

of Science and mathematics in classes TX-XT.

To review curricula for the primary and middle
levels and of high/higher secondary schools in

a phased manner.

To stait introducing new syllabi aﬁd éurrieula
in the schools of all states of India.

To\prepare.the érospective plan and to Starﬁ pre-
paring the text books, teaching aids and methods
guides for teachers in science and m#thematics
which can ensure the 1ntroduétion of new syllabl

once these are finalised.

To hold.a wlde scale discussion on text books

prospectus and teaching aids.

To prepare the plan and start preparing and,

.studying the popular,l;terature for school children

using the experience of the USSR and other countries,

To increase considerably the enrolment of students

studying science in higher secondary schools,

To carry out measures régarding research and
development of talents in Science and mathematics
(special curricula and syllabus for summer schools

to be established in universities).



9.

10.

it.

- 12.

b

To prepare, finalise the standard 1lists of teaching

equipment for teaching science & mathematics for

 Various stages of secondary education,

To ﬁreﬁaré the'brosPecttve plan for the third and

fourth fi%e yeai plans for designing and manufacture

" of pfototypes of teaching equipment and to start

their production by 196467 having provided budget
allocation for this purpose. ‘

' To finalise vork on establishing the central

selence workshop of the National Institute of
Education by 196k,

To allocate in 1964 and 1965 special funds to
SchooP for the purchase of teaching equipment for
pmoyidingAphysical, chemlcal and biological study

'yooms there with.

Ip,§rganise research work on seience and mathematies

eduéation in secondary schools.

Sanyal (1969) mentions the various steps taken

by NCERT as folloWw up measures of various commissions/

reports and recomﬁendations regarding improvement and

updating of scieﬁqe education. The problem of numbers,

ever increasihg content, ever changing methodology,

never instructional maﬁerials, uneven school structure,



1ack of training of teachers and shortage and inadequacy
of physical facilities were identified. NCERT devised
the solutiéns by preﬁaring 1nstructional material in
science and mathematics by launching curriculum projects
in the department of sgienceueducationﬁ}n study groups
located in 20.centres, 5 in each subject and by appoint-
ment of text book panels or editorial boards.. Other
measures adopted included launching of the National
Science Talent search scheme for identifying talemted
students, establishment of four reglonal colleges of
edncation to impart a new type of pre-serviee and in-
service training for teachers, establishment of summer
seience institutes for training of teachers in the new

‘curriculum projects.

The other measures‘adopteq’were the profiéion of
funds to secondary Schools for equipment, estahblishment
of state institutes of science, long term and short term
training programmes for science teachers. A nine month
content course at post-graduate level at universities
or state institutes of science for B.Sc. teachers to

improve their academic competence.

. a- major step in the new direction was the

launching of project for reorganisation and expansion



of sclence teaching throughout the school stage with the
help of UNESCO & UNICEF. The main components of the

project were :

1)

ii)

©411)

iv)

v)

Developnment of new syllabl for science courses
for the whole school stage and for teacher - ™

training programmes.

Development of instructional materials (text books,
laboratory mamuals, teacher guildes and pre~service
training materials),

Training of science educators and science Leachers

through short term orientation cum refresher courses,

Equlping key institudors and selected schools with

necessary science & workshop equimment,

Introducing revised syllabl and instructional

materlals in a phased manneyr in scheols.

Mahalanobis (1964 & 1982) has advocated that

sclence education for underdeveloped countries should

evolve through experimentation and research, s systenm

wkich would be available in time for all the people on a

country wide bagis, within the means of a nation, The

foundation of the seience oriented education and research

should be to promote the modernisation of a society in a



peaceful way and make conditions favourable for economic

develoment.

Puri (1967) has advocated a science education
policy for African countries which is in harmony with
the cultural and socidl ethos of the land. |

Subarsky (1965) ‘has mentioned that in East Afriea
Science education is.examination dominated and students
are certificate minded. He has further stated that the
African student is a serlous science learner and means

Py

business,

The papers presented by the Nigerlan and Ghanian
delegat;onsvat the commonvwealth conference on the teaching
of science in schools held ai pegadeniya, Ceylon (December
1963) qoﬁglaipgd'ﬁﬁat science education in thése countries
vwas pé&léhgogetigal_;eaving 1ittle scope for imagination,
The purﬁose of’laboratory vork was ta aeﬁuirexmanipulative
skills rather than develop 2 spirit of seientific inquiry.
The schools are short of trained sczenee teachers and
wéll equipped laboratories. Secience texb books are
Buropean in outlcok end unrelated to tha eXperiences and
sur*onnﬁings of the children, In Nigeria general science
‘ 1is taught in schools with pooriy equipped 1aboratories and
disciplinary science in schools wmth vell pca;pned

laboratories. The medium of instrueticn of science teaching
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being foreign is also a major problem to the African

Child. A lot of infrastructure is being created in

African states which will help in the development of science
educatlon which will be in tune with their needs,

The paper presented by the Newzealand delegation
at the same conference claimed that sclence education in
Newzealand was being organised on the same lines as in
advanced countries of the West. The country has abundat:
_resources of men and material for tﬁe'pruper implementa=-
tion 6f'Science téaching in schools. Teachers have been
oriented in the American curriculum projecfs in various
Subjects‘bub they are slowly developing their own

curriculim material suited to the national needs.

In & paper contributed by Australian High Commission
in Delhi to School Science (NCERT - 1962) it is mentioned
' that Australian efforts in improving science education in
schools has been on the pattern of advanced countrles
.of the West. They have organised summer sciencg institutes
to jmprove science teaching in schools. In these summer
schools distinguished university professors (from within
the country & abroad) eminent scientists, and school
teachers participated. The television was used for

reinforcing the training programmes. Some of the
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publications of these summer schools had international
acknowledgement. The private companies provided financial

support for these programmes.

X "6n L 8 1ce Teacher SO ag n of
America in a position statement (1982) has suggested
3 renewed commitment to the aim of sclentific literacy
for the year 1980's" and that in order tc produce scienti-
fically literate individuals, science. education, for
this decade should focus on the following fundamental goals:

a) To develop scientific and technologleal process
and ingulry skills.

b) To provide scientific & technological knowledge,

e) To use the skills and knowledge of science and
technology as they apply to persommnel ¢ soclal

decislons.

a) To enhance the development of attitudes, values

- and appreciation of science and technology.

e) To study the interactions among science, technology,
and soclety in the context of sclence and related

societal lssues.

The obJectives of Science teaching in communist
countrieg like the U.S5.5.R., China &nd G.D.R. have been
identical. The common obleectives of science education

in 211 communist countries is to provide polytechnical
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education where there is great interaction between

theory and practice. Sclence education at the school
level has been so designed that there are enough opportu-
nities for observing and participating in the technological
application of sclentific theories. The practical
experiences encountered in industry are related back to
natural sclence c¢lass room where they are explained in

a theoretical context. This educational method reinforces
the knowledge and skili which pupils obtainim deeper

study of sciences. .

(Prokofyev) (1972),Swetz (1979) Siebert,(1979)and
Bingham (196%) have argued that in all countries of the
world Developed, Developing or Under-developed science
education is loocked as an instrument of national

resurgence and change,

In bis study of Science Hducation in the Peoples
Republic of China,Swetz (1979) states that every one as
early in the chilgdhood as possible learns "Hot only
politics but also science & technology". €ommenting on
~ science education in Nigeria, Asum (1978) observes that
"Sci ence graduates are i1l equipped to find the relevance
of scienﬁific laws and theories cutside the school nor

can recognise scientific elements in old cultural and
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traditional practicess The recommendation of the study
is that “eurriculum designers, school teachers, and
examivation councils need to get together and evolve a
school seience programme that will provide, promote and

ensure application of learning to situational problems.

‘Lee (1978) in his study on the Impact of Science
curriculum on American Soeciety concluded that "The guanti-
tative projections based on the data compiled here suggest
that a particular societal impact on the university curri-
culun last approximately ten yesrs and t}h‘erefcré either’
the impact diminishes or other factors of wew significance

- hecome dominant"e

Bringing out the virtues of the system of Natural
Seience Educetion in the German Bemocractic Rauublic
Siebert (1979) says that UThe theoretical learning is
strongly interfused with practical or lsboratory experience
aﬁd that the practical experiences sncountered by youth
in industry are related batkk to the natural science
cluss room waere they are explained in a theoritical

ccnt egtnlln

The primary task of Secience Education in the GDR
is to contribute to the major objective of coumpulsory

education to educate and traln youth 'f'ozv eflfective
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participation in the scclo-economic develomment of a
socialist society and ite further development towards
communism., The Science education in GIR has been geared
to have high lemel of scientific and techﬁical'cqmpetence
throwgh polytechnical education. It is also simed to

ﬁave great interaction between theofy and practice and
relating it fo daily 1life of an individual. It has been
strongly influenced by tée national requirement of educating
and training a cadre of workers with sufficient scientific’
and technoiogiewl zxnertiss to permit them to funetion
efficlently in the CDR's skilled work intensive and

science intensive ‘industries,

Compul.sory education in the Unitgd States and the
countries of western Europe is showing signs of becoming
increasingly incapable of preparing youth for effective
and productive adult lives. In contemporary indastrial
soclety the gualisy of sciencee education which is a
part of compulsory education in these countries 1s not
of much practical utility. These countries are also
keen to have some type of sclence edﬁcabion which 1s of
practical and applised in nature. They want students
to have tralning in the gkills of science so that
enrcilment in schools increases, Job opportunities for
students brighten and students are able to find better

general adjustment in life.
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Discugsing the situstion in Thailand says
Suchareekul (1979) that "the most significant implication
reported is that the rigrous teacher training and new
curricula vere significantly influencing teacher

‘beﬁaviour in the Qemireq direction which suggests 'the
néed for intensifying the emphisis upon developing‘
inquiry teaching skills among all teachers®,

Al. Hajji Yacoub (1982) in his study on Science
laboratory work in Kuwalt coneludfes that @

a) | Middle school ‘st';udt,ants 'in Kuwait find science

~ laboratory work to be necessary, 1nteresting and helpful
txo them in learning science. They hqw?ver seem to be

‘ unsure of thelr ability to do the required 'experim,ents
properly. They can not decide also which is the better
method of learning sclence, watching the science teachers

demonstrations or actually doing the experiments themselves.

b) Girls expressed as much interest in science
laboratory work as .did boys. Moreover they showed more
wili_ingness to actually involve themselves in doing

'experiments” than did boys.

. e) Students 1living in Kuwalt city and the residential
arcas around it indicated more interest in laboratory
work than di1d students in the Coastal towns of Kuwait

or irland hLowns,
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d) The middle school science teachers in general seenm
to agree that their students are sufficiently interested
in and are able to perform satisfactorily in the laboratory.

e)  The science teachers in Kuwait cit§’énd the:
residentdal areas ‘around it in&iégted‘bette§ att1tude
tbwards,sciénce 1a$oratony and theirwstud@nt'pefformance
" in the ‘laboratory than dld those in the edastal and

t

inland towns.

E)  PACTICA LAPORATORY WORK TN SCIENCE
_,fpogogyey'(19?2},bbserééq "The success of a school
chemistry course depends not only upon the content of
the course but alsc on the teaching methods employed.
Chemistry is a science that deals with matter - with
what can be seen. During the phem;stry-goqrsé the pupil.
gains’a_ﬁirgt hand knowledge of a considér&bl@-number,gf
éubbtapceg, Muoch can be demonstrated in the e;éssroom.
Even in higher educational instifqtién highly qualified
proféss§rs, whdse students are much ﬁoﬁe advanced than
school pupils consiﬁer it important £hat'£heir 8eh$nstra~
tions should be of the highest possible standard. This
principle is even the more important in school chemistry -
teaching. The syilabus,pgoéides for a comparatively

large number of laboratory experiments and plenty of
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\practical work and schools must have a chemistry room
equipped for this. A good experienced teacher-will
grudge neither trouble nor time to prepare an interesting
demonstration, for without laboratory experiments it is
impossible to get the most of the study of chemistry".
Thus puplls should héve oppértunities for observation
and should acquire the desire to understand why a

particular phenomenon ocecurs,

There 1s one ancther very important side to the
teaching of chemistry, ani'ifiat 15 the link between the
chemistry studied at school and that used in industry.
As is generally known,‘madern industrial practice derives
a great benefit for advances in chemlstry. The chenicsl
industry has become a vital branch of indhstry, and
chemical methods of processing materlals are employed in
many other industries. Chemical technology 12 studied
at specialized educatlonal establisiments, But school
‘pupilé should be shown a number of examples of the
transititon from laboratory ﬁpparatus to production in
modern conditions. It is essential to arouse the pupils
interest in the ways in which scientific knowledge can
bg puf to practical use®.

Paraagh (1972) in his paper "Relevance of Nuffield
Chemistry in developling countries* has described the
objectives as the acquisition by the puplls of mental and



18

manipulative skills (rather than as in the past, the
memorising of facts} and the attaiment of sone under-
standing of the scientifie approach to problem salving
: i.e. arousing Lhe curiousity abmnt a problem, the
speoulation about ex$aanations anﬁ the testing of the
suggested explanations by experiment,leaaing to further
eXplorat;pn“

In a paper (Hamblin( 1972) ) ‘argues that the
Rullifiel& system provides
-, a broad outlook on the nztural sciences.“

= development of the abiliﬁy to propose hypothesis

" and to draw conclusions.

- !Discussion of dLfficult problems and methods for
‘ solving them,

The National Seience Teachers; Association of
America‘(ﬁség) in a position statement (1982) has defined
the:goals of 1aboratory¢as,underv.‘TThe laboratory is the
| ﬁbiee vhere students deéign_and @erférm experimeﬁts,
:maniyﬁlaﬁﬁ " equipment and use the process of seience -
ask qnestions,fformulaﬁe_ﬁypothesis, interpret data, and
so on., It is the ploce where theyvuse higher gognitiye
skills sucﬁ as amalysis and synthesis,
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Laboratory outcomes are concerned not only with
the cognitive and affective domains but also the
psychomotor domain, the third major area of Objectives
categorised by Krathwhol, Bloom & Masia (1964)e The
psychomotor domadn is very relevant to sciencey since laboratory
activities require students to parform cettain tasks
stuch as manipulating eguipment, bending a glass rod; mixing
solutions etcs The 1list 1s endless ¢,

¢)  PRES

ENT STATUS OF CHEWMISTRY TEACHING I TND:

The lounching of sputnik by the Soviet Union made the
strong impression in the western c¢ountries that thelr
science teaching programmes were out of date, One of the
outcome of al this concern was three curriculum programmes
in Chemistry, i.e«, Chemical Bond Appraoch ( U.S.,A, 1957),
Chemical Education Materisl Study (U.S,4,) (1959) and
Nuffield Chemistry (1965) (U.K.) « #ll these programmes
were highly e::per;xnental in nature, All the three
currriculum programmes were a total package of text books,
teacher's guide, laboratory Manuals, supplementary reading
material, films etc. Some 0f the other chemistry curriculum
projects of International importance were *Interdisciplinary
approaches to chemistry (IAC) (1968). '('U*‘S.Ad. the
UNESCO pilot project for chemistry teaching in Asia* (1965-66)
Bankok { Thailand),

* The-countries covered under this project were Afghanistan,
Burma, Ceylon, India, Iran, Israel, Japan, Korea, Malaysia,
Nepal, Pakistan, Philipines,Taiwan & Thailand.,
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The other chemistry curriculum projects were launched
in Czechoslovakia,Ghana, Nigeria, Hungary, Italy, Japan,
Switzerland and Scotland. The materlals associated with most
of these projects included text books, laboratory manusls,
student work books, teacher, manuals and guides as well as
many other teaching aids. (Charts, £ilms stips, films, Radio
& Television), All these projects iaid great stress on
experimental approach of Chemistrﬁ;\These materials had many
suggestions for lsboratory acitivities, demonstrations, field
pxips and projecté. Two of these p;ogfammes made & strong impact
on chemistry teaching in India iecs Chemical Edueations Material
Study (UeSeAs) & Nuffield Chemistry (U.K.) 2986 teachess were
trained in <79 aummer institutes since 1963 run with the help of
U.S., AID consultants in case of chemical Education Material
study and British Council experts in case of Nuffield Chemistry
upto 1969, These-curriéu;um programmeé had 2 deep impact on
the tejching of chemistry. The new pattern of education

(10 + 2 ) introduced in 1975 started withviiey Guericulum

¥
e
5 I Y e

materislscpioduced bylﬁchﬁ. Tb‘implemaﬁ%:&hese?dﬁfticulﬁm
programmes in Kendriya Vidyalayas, ﬁelhi Adminisﬁration

"' Schools and other schools
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affiliated to Central Doard of Sccondary Education, New
Delhi, a Rigorbus training programme was held for teachers

throughout India in 1976,

These changes had considerable effect on the chemistry
pracﬁical syllsbus, In 1978 NCERT framed a new practical
syllabus for Central Board of Secondary Educ-tion flew Delhi
which, for the first time introduced practicals related
0 theory and some optilonal/investigatory projects. The
syllabus alsb toned down the traditional experiments
like salt analysis, gas preparation, volumgteric analysis,

Thizs syllabus has been in operation ever since 1977%,

 Rducation is a state subject under the Indian
Constitution, Evgry state has a board of secondary education
which prepares the préctical syllabus in various science
subjects. Therefore the.pésition of Chemistry practiccls
is widely different in different statess The state board
of secondozry eéucation in Maharashtra has the most advanced
syllabus in chemi;txy'practicals, Some of the unique
features of the Maharashtra state board of secondary
. and higher second=ry Education, Pune (Maharashtra) are

as followingse

-~ Use of thin layer chromatography for seperation,

= Separating caticans by ascendiprg paper chromgtography.

* { Report of the orientaticn programmes of key persomnecl
of states and union territories published by NCERT

New Delhi(1982).
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- Preparation of indicators from flower.

- Osmotic pressure - study the property of some
natural and artificially prepared semipermeable
membranes.

- Determination of rate expression, rate constant,

reaction order and half life period in a chemical reaction.

All these experimenté are not covered in any other syllabus

of any board of secondary education in India. All these

experiments are highly advanced in theoretical concepts and
exﬁerimental techniques. All these experiments are of an
applied nature and find many useful applications in .industry.

While the states of Tamil Nadu, Uttar Pradesh, Rajasthan,

Andhra Pradesh fall in the middle rung party new* and partly

classical.®* While all other states have E%zq classical

chemistry practical syllabus.,.

* . New pattern syllabus is usually one which contains
experiments,related to theory, projects, experiments,
related . to industrial applications, apart from the

-traditional experiments of volumeteric & salt analysis
(which have been considerably tonned down in terms
of time allocation and importance).

* ok Classical syllabus is usually one which contains
traditional experiments, like, laboratory techniques,
gas preparation, purification of chemical substances,

- gravameteric analysis, wolumeteric analysis and salt
analysis.
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The practicals included in the various syllabi¥*

range from simple laboratory operations Qi.e. cutting,
bending, boring etc.) to thin layer or paper éhrcmatography-
The usual experiments which f£ind place in all syllabi are
volumeteric analysis, salt analysis, Inorganic preparations.
Some Syllabi have organic clement detectiﬁn, functional
group detection, equivalent weight Gotermmination, Avagadaes
constant determination preparation of some natural indie

cators etc,

D) ?OSITI@N OF CHEMISTRY LABORATORY IN INDIA & ABROAD

The Indian educationists and educational planners right
from the beginning of the post independence era felt that if
science education in this countéy had to improvef the labgra-
. tory facilities and laboratory instruction should improve,

In fact the refomm in seience education in this country
started with the modernisation of science laboratory and

laboratory instruction,

Kothari (1962) had advocated the development of -

simple apparatus and equipment of good instructional values

The Taradevi(Simla) Seminar on Schence ggucation

worked out the details of the laboratories for training

* Report of the OVientation p*ogrunmes of kay'personnel
of states ané Union territories = pﬂblished by NCERT,
New Delhi~16 {1082)
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schools to be equlpped. Al% India Council of Secondary
Education (1957) also worked out the details of laboratories

and science class roomse.

United National Development Programmes (UNDP)
Under the science teaching project prepared a list of
equipment to be supplied to all treining colleges/
training schools/state Institutes of Science Bducation
throughout the country.

National Semﬁnar on Sclence consultants at Nainital
(196%4) also worked out the details of Laboratory equipment
and skills in the fgrm of a detalled report. UNESCO
planning Mission (196%) made a critical and detailed study
of science teaehiné in Indian schools, The outcome
was a report which emphagizea the experiumental Investigatory
approach to science teaching. . The members of the mission
wvere the distinguished science educationistis of the U.5.5.R.
& U.S.h., Directorate of Education Delhi Administration
(196%) also worked out the requirements of school laboratories
for new approach to teaqhing science. Bose & Atmaprakash
(1976) finalised the requirements of secondary school
science laboratories. There are many other scientifie
commit tees which investigated the reasonsézgyu%he schools

are facing difficulties in ..  equipping the laboratories.
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A scientific instruments committee set up by planning
Commission (Government of India) (1958) made a detailed study
of the requirements of Scientific instruments/eqitipment “
required Eor Science teaching upto class X%, It prepared two

sets of equipments *,

iIn March 1964 the Planning Ccmmission\also set up a
working group on cguipnent and scientific instruments, Ié ‘
made the following recompendations, ®The educational institutions
should be encouraged to fabricate their own equipment, For
this purpose the‘tééchjng.load should .be reduced, finances
required for the purpose shculé.be made available and teachers
should be given suitsble incentives, There was a need for
an agency to undertake the responsibility of bringing the
déveldped instruments into market. The existing facilitles
for post graduate education in design enginecring and
instrument techmology should be expanded as well as extended
in depth %,

A committee was set up by Planning Commission (Govermment
of India) on sclence gducation in schools in 1966, ‘The Committee
discyussed the need gor effcctive quality control in regard
to supply of science apparatus to schaols and strongly supported
the'suggestioﬁ that NCERT shouid undertaie on a high priority
basis the work of laying downi ‘the nomms and standards for -

Scicnce apparatus, T k4

* Appendix-IV of the study contaiﬁéd a iisé(of apparatus
required, for school teaching science upto class XT.Appendex-XVi
contained a list of school instruments which were common with
the UNESCO list of instruments for science teaching,
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The cmmmittee also supported the recommendaticn
for the appointment in the state directorates of Education
of 8 senior officer with recusite qualifications and
experience in.the teaching of science to take chagge of
the prﬁgxamme'fér pxomoﬁion of science education in schools,
The officer should ensure that grants for sclence equipment
were sanctioned in time and thet the science épparatus
purchased by schools was of standard quality. The committee
commended the work done ﬁy'the recently estabiishea

sclence education units in some of the Statese

The committee considered the difficulties
of the science apparatus industiy in maintaining adequste
supplies of séignce apparatus of go;d quality and
recomnended that the Central Govermment should give

facilities 0 the manufacturers for dimporting sufficient
quantities of nceded raw materilals. The committes also
recommended that facilities should be given to the industry
to impbrt prototype samples of latest equipment 6 serve

as models as well as testing equipment needed o maintain
precisian and quality of science apparatus,
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The report identified 177 pleces of eguipment in
physics, 90 pieces of equipment in Chemistry, and 126 pieces
of .equipment in Biology, Apart from equipment, chemicals,
glassuare, tools, audioc visual aids & misscellancous items
were identified. . Tools for seience wprkahop numbering 72

wvere also identified.

‘A panel constituted by the committee on plén ﬁrojeéts
(Government of Indie) (1962) made s thorough study of the
science laboratories and eqguipment in high/higher secondary
sehools ‘of India. - The panel  made a detailed study of the’
basic requirements, location, space, lightirng services,
farniture, ancillary acomodation, and height of the
laboratories. All these aspects vere studied subject wise
(Physics/chemistry/biology/home sciencé;etc.). fhe_panél
drew detailed lists of Sguipment for Physics, Chemistry,
bioclogy and home science laboratories. The panel also made
a detailed study of the cost involved in equipping the laboe-
ratories. The panel further made an effort to classify
items as essential, desirable and supplementary to reconcile
ﬁhe appayentl& uqnfliéting aims of economy and efficienqy‘
in equippiné ;cience laboratories: The panel also laid
down specifications and standards for equipment and apparatus
and ﬁrocedure for quality control, procedure for allotment
of funds and procurement of eguipment. It also identified
the possibility of having a centralised agency for the

manufacture and procurement of scientific equipment,
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simplification of methods of work in the laboratories.
The panel prepared the lists of equipment/apparatus/chemicals
(subjectwise) i.e. physics/chemistry/blology/home science etc).

The panel also prepared the drawing design of the
laboratories and furniture/subject wise(physics/chemistry/
biology/home science)

Another panel constituted by the committee on Plan
Projects/ Government of India (1964) made a detailed study
of the véricﬁs'aspects of laboratory instruction in seience
at the high school stage. The panel made a detailed Study
of the financial procedure for grant, purchese ete. of the
science equipments/chemicals/and the establishment of
science laboratories. It also identified apparatus and
equipmgnt. It also made a detailed study of ,the plamming
of science laboratories (Basle requirements, laboratory
space, laboratory furniture, laboretory lighting, laboratory
services, and mterials and methods of construetion). The
other recommendations of the panel were estimating the total
requirements of secience apparatﬁs, and the need for a
special officer to look after science education. The panel
also made a survey of the procedure for recurring and non-
recurring grants, procedure for fimancial sanctions for
purchase of science equipment and apparatus in schools.

The panel also identified equipment (subject wise) for
high school and middle schools laboratories. It also
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identified 1tems of appratus to be mprovised locally

'by science teachers, tools and implements required for
vorkshops attached to high schools. The panel also prepared
a zis listof ools and implemenbs required for workshops
attached to teachers training institutions. The panel. also
prepared drawing design of seience labol'atories & laboratory
equipment at high school stage. This cencern was not
felt at the secondary stage alone, the process percolated
doun to middle and primary s;t'age. In a:Epéper Tamarin &
Bhattacharya (1971) mention that NCERT designed and
produced science kits (Demonstration kits & pupils kits)
for various science subjects and supplied them ozi a mass
scale to various schools, teacher training schools/teacher
training college throughout India, At the primary stage
NCERT designed and produced a Scilence kit as a part of
totzl programme "Science 1s Doing’. The mlddle stage

kits in physlcs chemistry !'Biology and Mathematies were
part of the curriculum packages at that stage. Bécently
(1981) NCERT has deslgned, fabricated and produced an
"Integrated Science kit for secondary stage suitable for
Integrated science course syllabus of the Central Beard

of Secondary Educatiopn, New Delhit.,

In a paper Paragh (1969) mentions that Nuffeild
project implies that more practical work wouldbe done than

hel* been customary in most schools. The equipment of
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school chemistry laboratories is such that most teachers
could adopt the Nuffield approach without much difficulty,
The main problem ig to reduce the amount of time spent on
routine coperations. The various United Nat:l.qnal Agenciés *
{UNESCO,UNICEF) etc, have been helping all developing
countries to modernisc their science teaching programmes sO
that they are of experimental Investigatory nature rather
than traditional chalk & talk method,

E) THE POSITION OF CHEMISTRY LABORATORY INSTRUCTION

IN SENIOR SECONDARY SCHOOLS OF INDIA & ABROAD o

In the Indian educational set up, senior secondary
stage in most states. is the first stage when students can
perform the cxperiments themselves, In most cases this is
the flirst opportunity when the need for higher order
chemistry laboratory skills arises. This is the stage when
the laboratory instruction is really meaningful, Compared
to advanced countrie; the lqboraﬁory instruction is still

classical, unimaginative and verlfication oriented, The
chemistry practical syllabi of wvarious Indian states vary
greatly and hence the development of chemistry laboratory wk
‘skills acquired by students also vary considersbly. In most
of the gtates chémistry practical syllabus is dictated by the
demands of the industry and employment markei:.

* New trends in chemistry teaching Vol.X (Section 11 ) UNESCO,
paris (1967), S

*¥Report of the orientation programmes of key personnel from
gtates and union terr:i.'tories = NCEFT, New Delhi=16(1982)
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The positibn‘of chemistry laboratory in some of the
developing and underdeveloped countriles is still in a poorxr
state on account of lack of trained manpower, lack of
inltiative from the govermment, poor working conditions and
lack of finances,* In most of such countries the stress‘is
on the confimmatory nature rather than the investigative
and innovative nature of laboratory instruction. In oxrder to
gear up the national €conomles of these countries, the
laboratory instruction has also to irmprove., The students should
have the fullest oppdrtunity to utilise their talent to
acquire the skills and understanding of chemistry laboratory

so that they become creative and innovative chemists of future,

Hearle (1974) has ldentificd some of the chemistry
laboratory skills at the high school level in America as

follows tm

a) Recognition of colour, odour, size and shape

b) Assemble laboratory equipment from picture of model,
from verbal or wrltten instructions, from previous
SXPRrienca,

) Read dials and sceles (linear & vernierl,.

_ d) Perform complex manipulaticns/propertics,

5

v "

* New trends in chemistry teaching (vol III) UHESCO,
Paris (1572},
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ii)
iii)
e)
£)
i)
1i)
1i1)

iv)

g)

h)
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Measure volume, temperature, welght, solubality
melting point, boiling point, pH and other physical
properties.

Build model,

Perfom titrations,

Make observations and record data,

Summarize data & observations byi=

Calculations from direct observations,

Calculatlon f£rom associated formula,

Graph, histofgram, table or chart using a provided
form,.

graph, hisbof{grm, table or chart using self
developed form,

Interpret data and .or draw conclusion.

i) from sumarized data or observations

i11) extrapolate or predict from summarised

datka or observations,

Design and eXecule New experiments,

i) Define problems.

11) Select appropriate path to follow.
1ii) Select appropriate equipment and supplies,

iv) Cutline the sequence of steps to be followed,
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(B)  RATIONALE OF THE STUDY

Gibbons (1977) in his study has concluded that "The
operational definition of scientific literacy incéludes )
six categories, Li.e. 13 process skills, 21 attitudes, 58
life science concepts, 56 physical science concepts, 20

' ecological and other-copicepts,

Tietze (1972) in his report has mentioned that “In
order for experlmental wark in chemistry to be productive,
1€ should 'include several currently’ accepted objectives of

Jaboratory instructicn., Some of the objectives are

1) To develop observabiona; manipulative prenarative
' and instrumental skills. '

2) ,To aeouire illustrate and amplify ohemical knowledge.

3 . To stzmulate thought through experimental investigation.

L) To recognise the precision and,limitagiop of laboratory
work, °

'5) To record sccurately and communicate reswlts clearly.

+6) + 'To éevelop pefsonal resnonsibility and reliability
in conducting ezperiments.,

7 ‘To plan and carry out fubther laboratory work by

the effective use of‘avéilable laboratory resources.



NSPA (1982) in & position statement mentions that 34
students abilities and skills in the laboratory can be
assessed through tests composed of series of items
related to a task or tasks. Teachers prefer to assess
laboratory~skills through laboratory performance tests
or practicals, These tests can also be used not only to
assess practical psychomotor skills but for other cognitive
outcomes such as the ability to design experments,make
quantitative and gualitative observations,hanile certain
calculations, analyse and interpret, predict,formulate
hypothesis, and apply technigues to new situations.

Laboratory learning is a very costly method of instru-
ction. The cost conciousness is even more relevant in
developing and undex’'developed countries, Educational
planners and administraiors are always warrieg about the
coft effectiveness of Laboratory instyugtion. One of
the main purposes of this study was to Know whether some gain
in laboratory skills is achieved during a full academic session.
India being a developing country, there is a strong need
t0 find if the students make a good gain during a‘tull acadenic
sessions: If yes,-how much gdin do they méke? The purpose
of thiS.escsee

* The Teaching of science in Secondary schools published by

John Murray.,



39

study is not only‘to identify chemistry laboratory
skills and measure them but also to £ind the
rationable why students are good at certain skills
and poor at other gki'ls. The study is also concerned
what are the other areas in the chemistry laboratory

skills which can be explored and investigated;
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