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I” INTRODUCTION ' .

The Workshop ‘Planring for Integrated Science Education in Africa’ was held at the Con-
ference Centre, University of Ibadan, by invitation of the Government of Nigeria, from Sep-
tember 20th to October 4th, 1971. It was sponsored jointly by UNFESCO and UNICEF,
following Programme Resolution 2.21 adopted by the General Conference of UNESCO at
its sixteenth session. The Workshop was attended by national participants from fourteen
African countries, who were science education specialists concerned with developing pro-
grammes of integrated science education at the primary and lower secondary levels. Itwas
also attended by invited consultants, UNESCO experts in science education associated with
UNESCO/UNICEF project in African countries, observers from bi-lateral‘aid organizations
and UNESCO staff members from the UNESCO field Science Office for Africa, Nairobi, the
Regional Educational Buildings Research Institute for Africa, Khartoum, and UNESCO -
Headquarters. * ‘ “,_, o

The Workshop was the second of two meetings for English-speaking African countries spon- \

sored jointly by UNESCO and UNICEF. It followed the guidelines developed at the first

meeting for policy—makers, which was held in Nairobi in July 1971, and embodied in the
report ““Education for Rural Development in Africa.” **
The objectives of the Workshop were:

1. Toexchange information on current projects apd programmes aimed at thepro- . *-

duction and implementation of integrated.science curricula in English-speaking

. African countries. } ' . . :

7 Toreview integrated science teaching programmes from outside Africa which might
Qe used as resources in developing programmes for African countries.

3L.To make suggestions for the development of integrated science teaching programmes,
including teaching approaches and methodology, learning materials (printed materials,
equipment, teaching aids, etc) teacher training (pre-service, in-service and continuing
education of teachers) and other relevant considerations.

4. Todraw up a plan-for collaborative action among participating cd{mtries.

1 . . N

The level of workidiscussed at the Workshop covered the teaching of science in an integ-

rated approach ‘during the first eight or nine years of schooling.-

Activities during the workshop-included talks and discussions in plenary sessions, vu'sits.to'
places of educational interest and displays of printed materials, audiovisual mate?ial_ and" " .
science teaching equipment. Four working groups were established on the 'éubjec_ts of cur-
riculum planning, teaching materials and facilities, teacher education, and evaluation. Work-
ing group A, which was concerned with curricuium planning followed the Nairobi Seminar -
recommendation that “the Workshop at Ibadan should spell out a clear concept.of what in-
tegrated science includes within the framework of health, agriculture, nutrition etc. vis-a-vis

" the basic sciences of biology,, chemistry and physics or general science where these are

’

taught together.’”” *** [t also drew up a guide for curriculum plénning for integrated science

teaching in a hypothetical African courftry, and constructed a specimen-lesson. Group B was

?:oncerned with science teaching materials and facilities including printed materials, audio
visual materials, and science equipment. It also drew up specifications for a prototype pter-

* For list of participants, see Annex 1 . - -

. ** Report obtainabe from the UNESCO Field Scienbe Office for Africa, Nairobi, Kenya.

*** Nairobi Seminar Report, P.57 '
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greted science teaching laboratory. Group C was concerned with teacher education for in-
tegrated science teaching following the Nairobi Seminar recommendation that ""the Work-

. shbp must isolate the implications of integrated science teaching relating to the training of

teachers.””* Itcovered pre- and in-seche training and further education of teachers, includ- .

. in'g'the work of s\cien'pe teachers’ associations. |t also produced spetimen téaching'materials
for orienting teachers in service or in training towards an integrated approach to their teach-

ing. Group D was concerned with evaluation and testing. The recommendations from these
four working groups are embodied in the report and form chapters 11, 1V, V and VI of the
report, respectively. The plan for collaborative action, which forms chapter VI of the report,
is drawn up from proposals and suggestions put forward by the working groups and in plenary

sessions. ' _
The Workshop was opened by Mrs. F. M. Akintunde—1ghodalo, Permanent Sicretary,

" Western State of Nigeria Ministry of Education. Addresses of welcome were also givenh by

Professor G.M. Edington, péputy Vice-Chancellor of the University of Ibadan, ‘and Dr.N.,

S. Rajan, UNESCO Chief of Mission in Nigeria. A message of welcome was read out from
Chief S. 0. Awokoya, Director, Department of Science Teaching and Technological Education
and Research, UNESCO. The Key-note address to the Workshop was given by Professor A.
Babs Fafunwa, Deputy Vice-Chancellor, University of Ife, Nigeria. The co-chairmen of the
Workshop wereMr, J. M. Akintola, Federal Ministry of Education, Nigeria, and Mr. T. A.
Balogun, Faculty of Education; University of Ibadan. The Organizing Committee for the
Workshop established under the auspices of the Nigerian National Commission forlUNESCO
consisted of Mr. J. F. Olagbemi, Mr. J.'A, Akintola, Mr. A..Osiyale,.Rev. F.S. Samuel, Mr. R.
S. G. Agiobu Kemmer, Dr. E. A. Yoloye, Mr. F. Oyewole, Mr. C. N. Sharma, Mr. N. K. Lowe,
and Mr. L. E. Folivi, who also acted as Workshop Co-ordinator. Workshop Liason was carried
outby Mr. S. M. Winsala, Conference Officer, University of Ibadan.

~




Il THE PR’ESENT SITUATION IN INTEGRATED SCIENCE TEACHING PROGRAMMES
IN AFRICA

The materual for this chapter is based on country reports submutted by the representatwes
.from the following countries: Botswana, Ethiopia, Gambia, Ghana, Kenya, Lesotho Liperia,
Mauritius, Nrgerla Sierra Leone, Somalia, Tanzania, Uganda and Zambia. It is augumented

by written reports syllabuses and other background material available at the workshop for
reference purposes. What follows is not an authoritative and comprehensuve account, support
ed by statistics, of the status of science education in the 14 countries represented at the work-
shop, but rather a general account of trends towards integrated science teaching in the respec
tive countries, wrth more detailed descriptions of particular. projects in a few of the countries.
A summary is gaven at the .end of the chapter.
_Although there are many different educational systems across the continent of Africa, there
appear to be a number of problems that most countries have in common. There are also
several co-opetative attempts to develop programmes of science education at primary and
secondary level, that are common to a number of countries. Throughout Africa there is a
genuine desire to relate education at school more closely to comm unity or rural development,
but the difficulties of putting this philosophy into practical terms are often very great,
Among the common features of educational systems in Africa are the variations within

countries of the percentage of children receiving primary education, from something approaoh-'

ing 100 per cent in major cities to less than 10 per cent in remote areas. There is also the com-
mon problem of drop-out from the primary grades; this often means that fewer than 50 per
cent of those who begin primary education will reach the end of that phase. Then there is the
spectre of the primary school leaving examination and/or the entrance examination to second-
ary schools that have such a profound effect-on the curriculum, particularly in the upper forms
of primary school. .This especially effects tHe:teaching of science, as science is not normally
one of the subjects ‘examined for the awardr of the primary school leaving certificate; the syb
ject thus u\ds to be . neglected for obvious reasons. Another important factor is the medium
of instruction. While often this is English—at_least in the upper forms of the prrmary school—
-Englush is rarely the mother tongue of individual children. )
Even in those countries, such as Tanzania and Ethiopia, which have introduced a vernacular

“as the medium of instruction in primary schools, the chosen vernacular may not be the mother

. tongue of alj children in the school, owing to the plurality of regional and local languages and

dialects in many African countries. And even when a vernacular language is the medium for
primary,education, there is still the probIem of transition to EngIrsh Ianguage at the secondary
or post-secondary stage. .

Thus there are many problems--and many of them common problems—for which é variety
of solutions are being tried. All countries are giving particular attention to in-service trammg

" ‘as a means of introducing new ideas-for the teaching of science and of upgrading poorly

qualified or unqualified teachers. Associated with such efforts are a number of curriculum
development centres and key institutions for teacher. training. The former often exercise the
role of coordinating development-as well as functioning as nuclei of centres for generating
new materials, including simple prototype equlpment : - -

\

Primary Education Lo . J oo
In general, science is taught in Afrlcan primary schooIs ifatall, in an undlfferentlated way
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That is to say it is not taught under the familiar separate headings of chemistry, physics or -
biology. Nor is it usually taught by specialist teachers, and certainly not so in the first four
grades. It is, however, often ‘'designated as “nature study”’, "health science” or "'rural science”.
In several countrles modern “activity centered” approaches dre being introduced. ‘The in-
strument of change in most of these cases, is the African Prlmary Science Prfgramme (APSP)
which, from 1970, has bécome the Science Education Programme for Africa<(SEPA). The

origin o’f the APSP can be traced back to the fifth Rehoyoth Conferencg'in Israel in 1960 and.
also, to the efforts of Protessor Babs Fafunwa'in the University of Nigeria, Nsukka, to es-

tablish a science programme in 1962. But the real beginning of the APSP stemmed from.a
Pan+African conference on science education held in Kano, Nigeria in 1965. The grogramme
was guided by & Steering Committee, composed mainly of Africans, and funded by the Educa-
tion Development Centre of the U.S:A. (formerly called’ Educational Services Incorporated).
The handing over of- responsnbngty to SEPA in 1970 was both a fulfilment of the original
ob;ectlve to place the direction and administration of the APSP in African hands, and a
recognition of the fundamental African nature of the APSP.

The. general.objective of SEPA is t§ promote excellence in the learning of science at all

Jevels of education in Africa. This subsumes three earlier aims~to promote effective ways of

Iearnlng science by utilising the child’s envnronment to develop and to introduce new and re-
levant science curriculum materials into African schools, and to establish institutions in Afrlca
concerned mainly with,the furtherance of th renewal of science curricula.

In pursuance of the aim to develop curnculum materlals more than 50 teachers guides and
children’s books have been printed. These range from the first to be produced as a resu It of a
writing conference at Entébbe Uganda in 1986—'Ask the Ant Lion’—though other units deal-
ing with the biological environment such as ‘Mosquitoes’ and ‘Chicks in ‘the Classroom’, to units
concerned with the universe such as ‘Strangers in the Sky’ and ‘Moon Watchers'. They also
include units on the physical environment such as ‘Wet Sand’, ‘Dry Sand’, Inks and Paper’,

"Torch Bulbs and Batteries’ and ‘Making Things Look Bigger'. A list of units currently avail-

able may be found in ‘A Teachers’ Guide to the African Primary Science Programme’ pub-
lished by the Njala SclenceCurrlcqum Development Centre, Njala University College, Private

- Mail Bag, Freetown, Slerra Leone. In addition a few films have been producea showhg sope
“of the units in use |n actual classroom sntuatnons A _— :

The main concern of SEPA is to provide meanlngful Iearnlng experlences for the child. The

study of science is regarded as one of the most valuable means of furthering his development
by providing opportunities for him to explore his own environment. 'Children are encouraged
to find things out for themselves, to see problems from varying frames of reference and to
develop an .ability to resolve such probléms themselves. Thus they will come to realise their
own strengths. They might even learn in the course of their own development to approach
problems lr\‘ other sutuatlons Mth confidence and integrity.. The SEPA approach, as exemplified

‘~

by the:units now available, was-developed during writing workshops of about 4—6 weeks. dura- -

tion followed by extensive trials of the.materials, The materials themselves make use of
famitjar aspécts of the child’s environment (plants, animals, stones etc) which can capture and
hold the attention and interest of children.. - ©oe .

L}

' The teachers’ rolg in this procss however, is far from passnve He has to raise questions and

make suggestions, he has to select appropriate materials and to appranse the'children’s efforts,

* imagination, excqtement and frustratjons almost continuously. All'this has profound implica-
. tions for teacher educatlon and the whole purpose of the school in its formal setting.
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What then is happehing in individual countries as the result of SEPA as the instrument of -

educational-change at the primary level? Ghana, Kenya, ngerla Sierra Leone and Tanzania

are the countnes represented at the Workshop, which-have taken up, to a varying extent, the
SEPA units and are incorporating them into the primary curricula. (It s known that Malawi

is likewise involved.) Other countries such as Ethiopia and Zambia are developing their own
primary science schemes, through curricutum development centres, and the writers of these
schemes are drawung on some-of the SEPA matercals The Gambia has recommended the use

of SEPA units for the future and Liberia is pIannnng a workshop on SEPA materials as a means
of iptroducing some trials ip 1972, .
- ut-even the countries with the most active invalvement with SEPA wduld not claim that

this approach is in use throughout the whole primary school system. In Tanzania, for |nstance
where the philosophy exemplified by the SEPA units is in corisonggce withkhe national aims

of education; the introduction of new sclehce schemes has, perforce, to be confined to those
primary schools which are within easy access of certain “key’’ teachers’ colleges, and in districts
with enth uslastlc primary school mspectors About 10 units have beén developed in Tanzania

for grades one and two under the title ‘Actjvities for lower Primary Schools’ and these units
describe activities that young children can do with familiar materials from their environment e.g.
wet sand, tin-cans, dry sand, tubes, reeds, seeds wheels. At the level of grades three and four

the children are involved in problem-solving situations. For example the unit o ‘Water, Colour
and Paper involves working with corours;}hd learning to produce a varre}y of colours from

simple materials such ds leaves, flowers, rdots and barks. There are about!10 units for this age
group. for primary grades five, six and seven approximately 30 units have l}ee‘n evolved. These
units, and others still under development, are in support of the new syllabuses issued in Nov-
ember, 1969. There is still a long way to go but already a few schools are setting the pace

for their respective communities. The major tasks of training students jo become teachers and
re-training teachers in service are be|ng assisted by a Tanzania/UNICEF/UNESCO Primary Edu-
cation Reform Project centered on the 10 Grade A College® On the staff of each of the college
involved are three itinerant tutor educators who, for the most part, have had long and distinguished
experience as tutors or’ mspectors Each college is the centre of inspiration for all_the surrounding

- schools and the tutor educatocs are the agents who organise the Feorientation of teachers to the
new ideas. They retain light tutorial duties in the College, but most of thenr,.tlme is devoted to
visiting schools individually or as a-team. Each year it is planned to provide reorientation courses
for some 240 teachers at each College. The tutor educators as Well as Regional'and District
Education Officers are deeply |nvoIved in these courses. The goa; is to reorlentate 12,000
teachers by 1976. _ -

. InSierra Leone the development of SEPA materials has been the concern of the Sclence Curri-
culum Development Centreat N jala University College. Through a system of insecvice training,
~‘certain teachers have been introduced to the new materials and are now implementing an inquiry

_ approach in their schools. Teachers’ centres have been setup in the Provunces and in, the Western
"area of Sierra Leone to provide IocaI inservice training. "The staff of the' Science Currrculum
Development Centre and selected eXperlenced teachers are involved as tutors. »

The Kenya Institute'of Education (KIE) in Na|rob| is the coordinating institution Yor the de-

- velopment to SEPA ‘materials in Kenya: It hasin fact, been involved with the former PSP since
the development work began, having been establlshed with assistance from the Ford Foundation
in 1964. Production of simple equipment to support the units is also the responsibility of the
KIE, and inservice training is prowded both at KIE and at reglonal sub-centres, But with 6,000

. e - -
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primary schools inthe country there isa massive task ahead.
An Ghana all curriculum development actwtty in science is under the umbrella of the Project

for Science Integration (PSI) in which the Ghana Association of Science Teachers (GAST) is { N

actively involved. This,arose-from a.decision taken at a Workshop, held in Takoradiin April
1970, sponsored by GAST in collaboration with the Mmlstry of Education and. UN ESCO.

This means that all the activity of the Elementary Science Unit of the Mmlstry of Education in
Ghana is now merged with the curriculum development actjvities of GAST and covers, elemen:
tary(dnd secondary schools and training colleges. Primary schools in-Ghana are now ustng some
of t\!{g SEPA units, and it is estimated that about 500 schools -are involved in some way. Similar-
ly middle schools are using SEPA materials. It is hoped that the Primary Group of PSI will de-
velop a scheme or curriculum that embodies most of the unitstunder trial. About 20 teacher
training colleges now have good science programmes, and their tutors have been mvolved ln
workshops arganised by the Elémentary Science Unit. Local follow up of schools is under-
taken by Regional and District Science Organisers. The Science Unitiin Accra producesa .

*quarterly Science Newsletter_as a means of communication with teachers.

In Nigeria, a Promary Schoagl Project was set up as early as 1962 in the Unwerstty of Nogeroa
ay Nsukka with financial assrstance from the Ford fFoundation. “Since then, SEPA units have

‘been developed and tried out in some Nogerlan schools, partlcularly in the vicinity of the towns
" of Lagos, Ibadan and.lfe. At Ife there are two primary science advisers. A UNESCO/UNICEF--

project for primary school curriculum development was established in the six northern states .
of Nigeria in 1969 It is centered on the Ahmadu Bello University Zaria, and relies for develop-

" mental advice upon subject panels made up of people in the locslity. The Nigerian Educational

Research Council (NERC) has, this year,(1971) mounted a National primary school curriculum-
workshop. This arose directly from the recommendations of the National Curri¢ulum Cor-
ference held in 1969. 'The Prnmary School Currncolum Workshop produced proposals for the

 first national curriculum pr primary education in_Nigeria. The materials produced at the work-

shop, including science teaching materials, will be released-to the State Ministries of Educataon
and to teacher training institutions for further development and imglementation.

* In-Zambia, gthe New Zambia Primary .Curriculum (NZPC) ha¢been- launched from the Curr-
iculum Centre (formegly the English Medium Centre). & his project is attemptmg to integrate”
the whole\Qllmary curriculum by means of specrally written materials in Engltsh’the officially
adopted medium of instruction from the first grade. A pilot experiment in Enghsh teaching
began in 1966 in Grade | in 19 schools in Lusaka. Now materials are being written by the staff -
of the Centre in English, Mathematics, Social Studies, Science and Zambian fanguages, although
the science s|de has sofar suffered from a shortage o" writers. .More than 2000 grade | classes,
1500 grade M and 1250 grade I11 classes are now involved in this teaching experiment. If ex-
pansion continues at the présent rate all grade | classes ir’ the country will'be using the NZPC

by 1973. Already all the' preservice teacher training courses are geared to preparmg students .

to |mplement the new course. .

Upper Bfimary and Junior Secondary Education . . \
In some countries primary educatibn extends over five years, in others sixor seven. In the

latter cases the top forms are often referredita.as upper primary and at this level subject specialist

teachers are frequently encountered .In other systems, grades six, seven and eight are referred

© to as the "junior secondary" level, and education at this level may be provnded in special junior

secondary schools or in middie schools rather than in the junior section of schools which provide
a full secondary education. At this level Science is offered in aII the educatnonal systems re-
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—presented at the workshop, butiin most countries it is either presented as the separate subjects
chemistry, biology and physics (or sometimes only as one of them such as biology) oras -,
“‘general science”, but with the constituent subjects separately eviﬁ\t.' in a few countries,
however, new approaches to science through an integrated teaching programme are under
development, and it is these which are of particular interest to this warkshop. . -

One of the most significant aspects of the development of new science courses at this level

is the important role’ played by science teachers’ associations. Thus in Nig‘eria‘ar\id Ghana where
science teachers’ associations have quite a long history and are particularly influential in, -
national policy, it is interesting to note that schemes in integrated science teaching a'fe,‘already
under developments. (Sée also'page 27). - " b £
. In Botswana, Lesotho and Swaziland, a n Junior Secondary Science Syllabus hasbeen %
produced. This syllabus, ealled Introductdty Science, was developed in 1967 with the help of a
UNESCO adviser in Lesotho. - Previously, sclence was offered as biology and physical science.

* The new syllabds is being gsed by some schools in all three territories but there is not yet .
general agreenfent as to the type of science best suited for the early years of secondary edué¢a- . -

tion in the three countries. Some confusion has been created, especially in Botswana, by the - .

fra

views of a val:iety of advisers from different agencies and different countries. However, in that

. country the newly-established Botswana Science Association is actively engaged in coordinated -
curriculum development. Although there are nopublished books or teachers’ guides specifically
aimed at the new- I‘htroductory Science syllabus the University.of Botswana, Lesotho-and
Swaziland has, through two or three of its lecturers, and with some finance from the U.K. )
Cent’fefor Educational Development Overseas (CEDO), produced draft versions of texts and

_ work_t.ipoks_ to help those schools already involved in teaching-the syllabus and preparing
students for the JuniofCertificate examination, ¢ ! ' _ .

" 7”1 Somalia, a unified science syllabus was introduced in 1967. This syllabus comprises topics

.. drawn from biology, chemistry, physics, astronomy, earth science, health and nutrition. A
teacher’ guide was published {in 1970 and pupils’ texts are being prepared.

In Ethiopia, new curricula‘ig science'are being prepared at the science curriculum centre in
Addis Ababa by a team consisting of two Ethiopian science education specialists, two British
advisers and one Peace Corps Volunteer. The curricula at the secondary level are being developed
fso\m some of the East African Sécondary Science Projects and materials. Teachers’ Manuals
for grade$*6 and 7 have already been produced. : - '

In the Gambia, the curriculum includes general science at the secondary level, but with a
greater emphasis on biology. This is being followed in the new junior Secortlary schools. In the
older-established secondary schools the syllabus is aimed at the requirements of the public ex- -
amination (West African Examinations Council-WAEC) with general science being offﬂ’r_ed in

" the first three years. C ~ : .

_ In Mauritius, some néw schools, called senior primary schools, have been built to provide a
diversified curriculum of a non-academic.type extending over four years. From January 1972
these schools will be offering a course in science based upon local-environment and a practical
approach. In the other secondary schools, which are of a grammar type, the Ministry of Edu-
cation has recently decided to adopt integrated science for the first two years, based on the °
Scottish Scheme. "It is intended, however, to make use of some of the units produced in the
UNESCO Biology Project in Africa and to substitute these in place of.ceriain sections of the ~

Scottish Sgheme. . o -
A newly-formed Sierra Leone Association of Science Teachers is contributing to the develop-
ment df ideas for the curriculum in secondary schoo_ls, particularly with reference to eleven .
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secondary schoolsand one teacher training institution whrch are involved in an International
Development Assocratlon financial investment. A Curriculum Ralsron unit has been established
specifically.in thisco /otext and possibilities of introducing some-form of unified scrence'at the

Junior Secondary Level are being explored At present general scrence is offered in the lower

forms of secondary schools.

In Kenya, Uganda and Tanzania, the deveélopment work in secondary science has been largely
aimed at courses in the separate sciences under the school Scrence Project (SSP), with financial
assistance from CEDO. However in Uganda the interest is in a physics with chemrstry course,
and in Kenya theré is investigation, in the Kenya lnst|tute of Education, of the possrbrlrty of
producing some bridging topics to link more closely the courses developed Separately m each of

. the sciences. Suggestéed topics include “ energy" and * ‘gases.’’

T3

. comes under the umbrella of the Project for Science Integration (PS!) if'which the Ministry

_ 'years,
¥ The followrng main headings weré Selected:

In Zambla hew work in Qcondary science—other than the frial of Nuffreld materlals inthe . -
separate sciences in a few schools—is centered on a pilqt project for 10 secondary schools in the
teaching of agricultural science. These schools were selected because they already had prosperous

- Young Farmers Clubs and were in close proximity to exténsron help from the Ministry of Agricul-

ture. The Zambian Association of Science Teachers has alsa developed an. lntegrated Science
Course for¥he first two years of secondary-education.

" The role that science teachers’ associations-can play in science cumculum development is best
lllustrated with reference to Ghana and Nigeria. In Ghana, the Ghana Association of Science -
Teachers (GAST), which was ‘established in 1965; set up an ad hoc committee in 1969 to con-
sider the revision of secondary school syllabuses. This committee became the secondary school
group at the Takoradi Workshop held t April 1970 under the auspices of GAST incoll3bora- -
tion with the Ministry of Edtcation and with support from UNESCO. Before the workshop

was held the views of members were canvassed on a policy statement concermng the Aims and"
. Objectives of an integrated science course to the stage of the "Ordinary‘Level” of ‘the General -
< Certificate of Education (the O-Level.) At the workshop itself the group embarked on 4 specifi- -

catioh of She areas of knowledge suitable for an integrated science course extendrng over five
L3 } .

-

The Human Body in Health and Disease

" The_ Earth’s crust Chernical Change

Tools, Machines and Engines

» Weather : . . T
. Force and Motion : .
E?Z:tiisc:;el;‘lf:nomena ) ~  Measurement h ‘ - .
- Food Production -
* SOl.Ind - . . \
Heat Heredity _ '
Lea . .- Elementary Ecology ‘
Ergh o : _ Pressure and Fluids
nergy - Materials and their Composition

-1”'*Composrt|on of Matter

P R R

Th'ese headings were elaborated and regrouped in the form of a syllabus dealing with con-
tent knowledge, skills and attitudes. The.group also redrafted the policy statement on the
aims and objectivesof scieite educafion at the 0—level. Further work is being carried out
on the development of this scheme, with supporting materials. The whole exercise, together
with similar development at the primary level and at the teacher training college leye!, now

of Education and GAST work closely together, with financial assistance for developing cer-
tain aspects of the programrne from outside agencies such as UNESCO, CEDO, EDC etc.
fel - ' 14 <~
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~In I\iigel‘ia, similar vigorous activity of the Science. Teachers’/Association of Nigeria (STAN) -
. has led to the production of an integrated science coursé_for the junior forms of secondary
schools. In this case, however, there are parallel schemes being developed in the separate

sciences for the upper forms of the secondary school; also under the auspices of STAN. As . .

" long ago as 1966.STAN carried out a survey of science teaching in Nigeria and found tha't
the majority qf;chools split science up'into two or three subjects, though ‘they still calied it
~ general science in many cases. A minority of schpols tried to present general $cienckasa-
single integrated subject. The STAN were thus stimulated to look into the approachfto-
- teaching science at the junior secondary level and 8t'the same time they were approached by
. the West African Examfnatio‘ns Council to comment on and to study-new approaches to . _
teaching separate sgjences at the O—Level. A Curriculum Development Committee was est-
“ablished in 1968 to coordinate these activities. \ .
Whilst these activities were developing, thie Ford Foundation had assisted in the setting
: up of a Comparative Educatipn Study and: Adaptation Centre (CESAC) at Lagos University
Lo * tocarry on the work on curriculum renewal and testing being initiated at the Aiyetoro Com-
: prehensive High School. A general science course for the first two years of ary school_
had already been developed at Aiyetorp. CESAC showed interest in the work of §TAN as
also did the British Council and CEDO (formerly CREDO). A new.integrated general science. . -
syllabus gradually evolved drawing on the experience of the Aiyetoro schegn'e the trials of -~ .

- Nuffield’ materials ih«the Ibadan area, and on materials developed elsewhere? This syllabus, ~
- ‘\ * . which was finally agreed at a major seminar held in December 1969, appears in Curriculum
e Development Newsletter No 1®published by STAN and supported by CEDO through the
L ' British Council. The nmain section headings bre: ) : -7
. T o _Exploring Science — Variety in Matte; : . - "‘ R
- ) . An Investigation of Air and Water o
N - Forces, Work and Energy : . - o

Activities of. Living Things* . | -
Another look at Energy !
Life and Environment . LT . .
. Each section is divided into several units. Altogether there are 16 units to be taught
. during the two y.eai course. oo - o
- To elaborate the syllabus in the form of course materials for students and teachersa -
number-of publications are being prepared by commercial publishers. The whole approach

‘emphasises the processes of science and employs the activity-or open en¥ed technique with

1

considerable pupil involvement ut'ilizi}\g his environment as far aspossible.

~
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m CURRICULUM PLANNING FOR INTEGRATED SCIENCE TEACHING
{a) The concept of integrated science teaching L E

" Integrated science teacﬁlng embraces ali the approaches to science teaching (|) in whlch
concépts and pririciples of science afe presented so as to éxpress the fundamental unity of

»

-stientific thought (ii) which emphasize the underIymg methodo|ogv and processes which

characterize the scientific outlook and (iii) which embody a scientific study of the environ-
ment and the technological requiréments of everyday life. The science courses in the pri-
mary and lower secondary schools (to whlchthls Workshop has restricted itself) should be
designed to’offer the child a broad view of. sclence which enlivens and-enlightens his inter-

- action with his environment and contrlbutes to the steady development of his mentaI mani-

pulative, and social skills. As Professpr Babs Fafu nwa polnted out in his Keynote Address <
to the Workshop "Premature spsclahzatlon at the primary. and secondary levels {(and even at
the first two years of un|ver5leork) is a disservice to a nation, in that it rs a colossaI waste

- of the ||m|ted human apd financial resources of a deve|op|ng country.”

" There is no single approach to integrated science teachmg and many differing courses may .
be descrlbed as mtegrated They vary in the "scope" the- ”mtensuty" andothe "depth" of

'lmegratlon e E .

“"'Scope” df l'étegratlon is the range of sub]ect components inctuded. A course mlght be
desugned to include elements of rpany subject “’compartments’’ or may bé of a more specia-
- lised kind involving on1y‘ a few Both are integrated, ‘the scope of the formg being wider
than that of the latter. : -

The "intensity”’ of the mtegratlon is-a. measure of extent to Whlch the varlnus subject
cdmponents are mtegrated one wuth another. It is possible to devise a course with low -
mtensuty of mtegratuon}n which material drawn from various subject “‘compartments” is
Ioosely bound together, or a course._in whlc\- the integration is S0 |ntense that subject bound-
.aries are indistinguishable.. Both are mtegrated - : :

“Depth” of integration is determined by the extent to which the science course is in-
tegrated first with the whole gchool currlculum and ;econdly with the whole environment i::
,which the school exists. This dimension of integrafion meésures the relevance of the
‘course to the needs of the'individual child and the exXtent to which it furthers the asplratlons
of the society to which he belongs.

Ina fully integrated-primary school currlculum the scope, intensity and depth of
integration of the science course would reach optimum levels. -

- Onesuch curriculum, known as the Karachi- -plan gutriculum, is based on a ““unit plan”
organization of subject matter. >Dur|ng a period of several weeks all teaching is centred
around a given topic. Thus, for example, the fourth gfade programme for the year includes
only seven topics, one of whlch is "Biology i in Domestic Space,” another, ”Generating Power .
and Machines”, and so on. The former unit is broken down into sub-units: 1. Man and
Environment (physical rieeds, utilization of nature to this end, public health, personal
cleankiness.) 2. The Living Space (hot—lée kitchen, animals in the yard, instot control)
3. The Cultivated Field (vegetable, potato, flour plants); 4. Uncultivated Nature (nvers
the sea) 5. Man himself (how thebody functions, first aid). -

* This represents an attemp‘t to fully integrate the curriculum. A Tanzanian Pilot Prolect

- is attempting curriculum ihtegrationin a, similar way, but further integrating the school and

society by choosing *‘centres of mterest" which are the developmental needs of the village

to whlch the school belongs. * .
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" In curricula of these kinds applied science and technology are 'given a stronger bias: ‘3b\e .

"belief is that rural development in particular must have a‘sourd basis in agro-technicg

expertise and knowledge of solentlfuc prlneuples

Itis not suggested that the fully mtegrated curricutum is-the only way in which rural
development may be promoted. Indeed, many other examples exist in which there are
science and agriculture components; included specifically for that purpose: some of these
are successful, others have failed miserably. It is possible to say, however, that rural devel-
opment is-heavily dependent on science, and where the integration of the school science is
wide in scope, strong in intensity and profound in depth, there appears tobe a greater like-
lihood of its contrlbutlng slgmflcantly to the devel ent of.rural communities.

It is important to hote here that, while sciente e:%tatlon has a major contribution to malce

'mthe process of seeking and acquiring knowledge about the world around us, and also,

if approprlately taught, can make a considerable input in areas such as skills of living, com-
municating and adapting to change, the teaching of science alone cannot make a major con-

~ tribution to decision making. Aswas pointed out at the Nairobi Seminar on *’Education for

Rural Development in Africa’”’, the scientist may address himself to problems such as "‘what

-is the effect of this particdlar fertilizer on plant growth?’’ and answer them by following —

proper research techniques in WhICh opinions and views have no part; he cannot claim an
exclusive role in answering a questlon of the type “Should | put this fertilizer on my crops
this year?” ‘The gnswer to this question will be affected by factors which are nbn-scien-
tific,.as well as drawing on the knowledge gained through scientific enquiry. It is nonetheless
the responsibility of science educators to encourage tpé commumcatuon of scuentufuc infor-

. mation, thus facrlutatlng th|s type of decision makirig.

" Planners of atl kunds should be aware of this limitation upon the responsibility placed on
science in development programmes, and education planners in particular might like to
consider how tralmng in decision-making might be included i iin the curriculum.

Anothgr kind of Timitation is sometimes |mposed on science teaching by curriculum
planners emselves. This has nothing to do with the nature of science itself, but is of such
common occurreflce that it warrants mention here although it will receive further treatment
when wef,come to consider a curticulum model in subsequent pages. ® if the science taught in
the school! is restrictéd to. the ““manifestations’’ of scrence i.e. the technology and the
applications, and is not furmly based on the “’process’’ of scientific enquiry, then the impact
of such science on Iong-term development will be restricted, even though it may be |nteg-
rated and possessing scope, mtenslty and depth to considerable degrees. :

The need to devise courses covering the whole range of the sciences in a balanced way

-was widely felt some 40 years ago. The teaching strategy then devised was to develop

"general science’” courses. Such courses were co-ordinated suryeys of physics, chemistry
and biology. Only rarely was there real unity in the presentation of the course. Insome
cased an attempt at unity was made through a ‘“topic’’ approach. With some notable excep-
tions the teachers failed to-achieve any real integratidn in their teaching, partly due to lack
of real guidance i in how to do this. Rarely did teacher training courses prepare teachers for.a
unified approach to.their teaching. .

Two advances in other areas provided the key to the production.of sciénce courses that -
are, in fact, integrated. In the first place it became clear that the major advances ip scien-
tific reséarch are taking place in interdisciplinary areas—molecular biology, geophysics,
biochemistry and astrophysm to name a few. Such advances were then the results of
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methods and techmques developed in one scientific field bemg applied to the subject
matter of another. This emphasized the totality of science, the fact that the boundaries
which had formerly been taken for granted were becoming blurred and illusory. /

The second breakthrough camé in science educatudﬂ itself when the first large scale cur-
riculum projects developed new dourses in physics, chemustry and biology, and later in
earth and space sclence. Physucs was no Ionger a mixture of light, sound, dynamics, hydro-
statics, electricity and magnetusm Physics itself became unified. -The major concepts were
identified. School childfen were introduced to the idea of building models to explain phe-
nomena on the basis of existing knowledge It could no Ionger besaid that chemistry and
blology were primarily concerned with encyclopaedic masses of facts. In each of these dis-
ciplines some major %ncuples were developed as threats with which to weave a fabric that
highlighted the methods and processes actually used by invéstigators in these fields.
- Integrated science teaching thus represents the next logical step in the evolution of science
courses. As indicated by Chief Awokoya in his opening address, the need was felt to think
about “science as awhole as it 'affects the child in. the.totality of his environment.” There
isa varléty in the methods of dchieving integration, but each course in its own way draws on
the insights outlined above which were acquired during the-last decade of curriculum develop-
ment. Science teachers are becommg aware that they should concern themselves, above all,
with the development of desurable attitudes to the natural world and to man’s interaction
with it. Some workers have ldentufued the basic, fundamental concepts that can make science
meanlngful ina rabldly changing wérld. In such a course the teacher does not set out to- .

“"teach a concept Rather, he provides activities that give the chlldren opportunities to’

develop concepts. "Other science educators "have argued.that it-is the procésses of science that
make it so important in our modern world. They put stress on giving children opportunities
to observe, measure, classify, int rpret data etc.—in fact, all the processes outlined in Pro-
fessor Fafunwa’s Keynote Address. ‘There are also program mes which empbhasise the app-

lications of science. In almost all ourses, the child’s own environment is used as the startmg

point for the course and as the focus of much of the activity. :
Most of the recentintegrated co\.lrses involve all thosesaspects. One of the schemes extends

- the concepts and processes to the search for patterns. [t is felt that this will lead to a better.

comprehension of science, that cl'pl?'en apprev‘late the gradual appearance of structure and
order. In this programme’the content ‘s orgamzed round three basic ideas, each one repre-
senting integration in |tself—buuld|ngb ocks, interaction and energy. Another course that

~ also builds on both concepts and processes leads. to model building.

At the lower primary level, science teachuﬂg is inevitably integrated, the scope and mten-
suty of the integration determined wholl\/ by the child’s interests and interaction with his

-environment. At upper primary and lower secondary stages, however, when the child's

ability to abstract and conceptualise is-developing, there arise questions of "“approach”
to science teaching. The approaches are sometimes classified as “enquiry’’, "conceptual"
"relevance” and “’process’ -with an "eclectlc" approach drawing upon elements of all o;
them. They may all, to greater or lesser degrees, be integrated in scope and depth, the’
intensity of integration varying considerably. Is there justification for integrated science
teaching at these levels on philosophical, psycholoqical, pedagogical and practical grounds?
Traditionally, the approach to science and related problems’has been analytical: this has
been forrnallsed in the traditional subject 8yllabus. Pre-occupation with analysis has blmded
us to the vital role of synthesis and has contrlbuted :in large measure to the m‘elevance of

-
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much that has been included in school syllqbl Deeper understandmg of éur world pre-
_ supposes involvement in both processes, and integrated science teachmg is felt tobe a suit-
-able vehicle far.them. On phuloSophucaI grounds, therefore, it is believed that an mtegrated >
approach to science teaching promotes the building of a more balanced world plgture b
Taa There are also good psychological grounds, if it is accepted that the child’s ability to
abstract is developing rapidly in later primary and early secondary years. There should be
no mhubmng of his freedom to experiment with concepts and groups of concepts: such
restrictions stunt the development of intellectual and.manual skills. An mtegrated sclence

*teaching approach is believed" to encourage this freedom. L,

On pedagogical grounds, the mclusuon is justified in that it provides a tmchlng envuronment
which stimulates ’professional growth” in teachers. The teacher, by the very nature of his .
‘work, is pursuing knowledge with his pupils. His |mportant role in easing the transition from N
concrete to abstract is underlined: it gives teaching a new dimension and a erxubIe framewbrk-
in which to flourish. The materials used under these conditions are of greater relevance and
interest. At the “frontiers of knowledge”, the approach is increasingly mterdlsctpllnary and
the school situation should reflect this.

." Practical considerations are'that much duplication of effort and resources can be avoided
~and that it may be possible to relieve time-table pressures to some extent.

On the basis of these considerations, therefore, itis possible to proceed to a dISCuSSIOI'l of
the ways and means whereby a curriculum planner could introduce an mtegrated science .

- component into the curriculum, using a model whlch would be adaptablé to the clrcumstances
of any particular'school, society or nation. It is emphaslzed that currlculum planning which
does not,pay due regard to political, economic and cuftural factors within the society for -
which the curriculum is designed is an academic exercise only. The model shown in the
figure is designed to identify possible common ground and to demonstrate degrees of freedom
within.the curriculum planning process. It is 'by no means the only poslble middel and'it is

RN unllkely that all planners would agree that a curriculum model should necessarily be three
! dimensional. :
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The three dimensions chosen here represent the three major factors thougnht to be of concern
to curriculum planners:- , :
1. Processes of science i . i
2. The child's intellectual development Ty
3. Teaching content - o N . ) .
Various analyses of the basic scientific processes have been made, notably that pre-
sented as a basis for the American Association for the Advancement of Science
"“Science a Process Approach” programme. -
Professor Babs Fafunwa listed fifteen behavioural objectives derived from this prog-
ramme in his key note address.* : . . .
The work of Piaget and other educational psychologists provides-a basis for a vertical
- axis scale on thk diagram and gives some indication of the child’s limitations and
potentials at three stages. It would be Unfortunate if these stages were thought to be
clearly defined: there is a merging and overlap which it is not possible to depict on the
- diagram. o o : E - '
The “content zones” chosen for representation on the third axis are thought to
comprise the “total'environment” which provides the centres of interest for inte-
grated science teaching. Each zone is deliberately.wide in scope, and inevitably there
is some overlap, but it is desirable to work with a small number of Zones. Content
may be based on: C : '
i) the cultural environnent
(i) biology
(" liif) chemistry
(iv) physics ,
(v} other sciences €.g. earth and space science
(vi)} technology - T L )
(vii) aspects of social science * .
Many topics introduced as suitable teaching materials will offer opportunities for
different types of investigatjons.” Fop example, “wood"” will introduce biology-based
content -(trees, growth, natural function), chemistry-based (composition etc.), physics
{strength of materials, etc.), technology (building etc.). a ,
As an example of the problems that face.a curriculum planner in integrated.science tea-.
. ching, a mythical African country is considered as a theoretical model. The more proximate
~ goals of this country’s government are expressed the First Ten Year Development Plan which
_provides for expansio:ﬁ:the social services, improvement of commuypnications, moderni-

-

e
=~

zation of agriculture an@ the introduction of free and universal primary education. The .
Ministry of National ~gUucation in responsible for primary and secondary systems throughout
the country and has translated the national aspirations inta terms of the following educational
objectives: r o |
1. To promote the development of functional literacy and numeracy. .
2. To promote thé development of an understanding of the country and its culture, *
enabling it to conserve desirable elements of its culture and transform others.
3. To promote the rapid development of traditional manual skills in the light of modern
technology. : ' s
4. To promote the development of social skills. '

-

" see Annex v
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Some fundamentals of the country’s education programme
. - 1. The primary education system accommodates 25% of the chlldren of approprlate popu-
° : ’ ) lation group; the secondary education system 5% "
» 2. 'There is a high drop-out rate in both primary and secondary sectlons estimated at 40%
in the former and 30% in the Iatter
' . " 3. Fees are paid at alt levels. . ' . .
- ) : 4. Pupil/tedcher ratio is 50/1 at primary and 40/1 at secondary Ievels o -
. ' 5. . The secondary. education system absorbs less than 1 in 5 of primary school leavers.’ .

6. The primary leaving examination dorninates the curriculum of the primary school whije - ‘
the External Examination Council syllabuses dictate secondary syllabuses. There is-no _ o
intermediate examination between-grades 6 and 10.

7. The teaching style at both levels is traditional, formal and heavily subject—orlentated

8. ‘School buildipgs are generally rudimentary, designed mainly according to the *'train*

*" plan with self-contalned classrooms. * o . ‘
9. -Science teaching areas in schools are often inadequate.
10; 50% of primary school teachers are untrained: _the remainder have had two years
T . teacher education, with no specialist science content. :
: 11. Insecondary schools, 20% of the teachers are qualified graduates, 20%. e?<-patr|ate staff
40% nop-graduate, 3 yeaf trained local staff, 20% unqualified staff.

12. The ob;ectlves of the cou ntry in integrated science teaching are stated as follows:
"Through science-based experlences to promote the acquisition of functional knowledge,
attitudes and skills assocuated with the imprgvement of agriculture, health and nutrition and to
enable children leaving school to apply thesg to the improvement of lifein the|r envurohment
Primary School Level : : .
Human Resources: - - - : C . :

.
-%‘_‘f.',.;;.l.r»:,'_—;—x-_:.—ﬁ»‘_.:.x. e

~ at the pr|mary level. Therefore both pre-and in-service training program es were initiated.
The pre-service training was done th rough the teacher training colleges e sélence tutors of '
these collegés were the first to be orientated by those concerned with development of the new
curriculum. This orientation involved encouraging the participation of the tutors in the actual -
process of developing new teaching meterlals In-service courses (workshops) for practising
teachers were also arranged at centres up and down the country. - All these courses were of a

NPy SRV S SO R

4
" practical type, with the Yeachers themselves actively carrying out the practical work. Some 5
-teachers were also involved in the actual production of teaching materials. . _
Material Resources : ot

. 1 . . The new teaching materials produced were n)amly teacher’s guides and some science readers
’ for the children. These materials, as noted above, were prepared by practisi ng teachers and
sciencé educators. The writing group first decided what topics.were_to be covered, on the
. basis of what they thought were of interest to children and suited to thejr particular stage of
intellectual development. They then went to actual live classes with the materials necessary
to teach the topics. These materials were then presented to the children who were encou-.
raged to interact with them, while members of the writing group observed what went on in
the class.- The ways the children interacted with the materials then suggested the approaches N
to be adopted in providing Iearnmg experiences for the particular topics. Se . T - s
Unsatisfactory matenals were modified, and topics that were not of mterest to the child- T

é
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ren were abandoned. Thus, materlals produced derived from observed interests and mter- . ’
actions of chlldren This ensured that selection of topics and learning experiences was learner- T
screened. This meant that the learning experuences were appropriate to the group of children.": .
. None the less the matenals‘were also tned out in other places, after Pprior workshops for
partigipating teachers. . : - 2 : .
Other pieces of material and equlpment derlved almost entirely from the school and com P
munity. Therefore, there was no problem of a fmanclal barner to the implementation of the 5
programme. Further, the type of teacher-pupil mteractlons ‘demanded by the.new programme :
only involved a re-arrangement of benches and desks'to facilitate group work; interchange of o
“ideas. and free movement among the children. Thus the physically passive learmng environ- ;
ment of thetraditional self-contained classroom was transformed into an¥action learning ’
envuronrgent .Where the children learned by doing. 1t was also necessary for the teachers to
provide all the materials required for exploratlon and learmng And because the materials
were derived from the envuronment, thls lmplued an mtegratlon -of the school with the

4

community. . . .~ . ‘ . i i -
Implementation ' e T ) |
In the new science programme there was a change-ln the teacher s role which became - /

supportive rather than prescriptive. The classroom climate was democratic, the support
systemq (equipment, materials etc) became extensive and responsive, and the teacher indeed
a stlmulator a resouree and fellow partlclpant facllltatmg children learmng A typl&l lesson - S
of this programme would show children mteractmg with materials and one another, working o -‘v
either individually or in small groups, so.that much of the children’s learning was self- :
directed, the ultimate goal being to promote autonomous learners who would be able to - i
carry on their own exploration and learning with aminimum of direction. In other yords,
the children were bemg tralned to take responsublllty for their own learning.
_ Evaluation . » . U B
If the instructional objectlves are the behaviours we: want the children to acquire from the T
learning opportunities provided, we may wish, ideally, to determine how much of the ' ; .
behaviours have been actually acquired at the end of the lesson. This measurement of change _ o
(if any) is evaluation. The process is made simple by our identifying and specifying the v
changes prior to the learmng experience. Evaluation-provides the learner informatiop about
his probress, as well as the teacher who might provide remedial experlenc&s if need b '
A-WORLD PICTURE Y v . :
The diagram below was ‘an attempt to represent the environment schematlcallf and ina '
smes and topics for use in mtegrated science
“courses, |t may be noted that many mterrelatlonshlps are not shown, yet those which are
present tend to encourage recognition of the similarities which exist in all living matter.
Man, basucally an animal, centrally a “"thinker-doer” is enveloped by his own téchndlogy by
which he most comonly interacts with his environment. Might this type of world picture
be of the kind which one might hope the child would develop through hls science edacation?
Junior Secondary Schiool Level . . -7
Many of the problems with regard to human resources, material resources, and curnculum ’
implementation and evaluation were comparable to those at the primary school level. An N
extensive programme of curriculum development and teacher re-training was embarked
upon. A two-year integrated science twchmg programme was drawn up which continued
the top|c~based approach from the primary school, but which placed an mcrmsmj; empha-

e

sis on concept-based teachmg materials as the pupils progressed.
. 23 : )
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The following content areas were selected for the two-year programme: ',

1. Our Food' . * 2. Food for other orgamsms .. 3. Our Senses
— Types - — Plants : . —Sight"
— Origins — Animals (insects, birds, fish, etc) — Hearing
— Production . - Mncro-orgamsms i , — Touch
- Preparation . B . . = Taste/Smell
- Benefits of Food * ' "= Kinaesthetic
: A WORI.D PICTURE. .

[A pounblo md For Selection of iop-cs cmd ﬂumes]
COSMOLOGY. - SPACE ASTRONOMY
_ L . SUN o _

- MOON PLANETE. / STARS,
N o usu’rleus‘gsv. ‘
MEDIUM FOR _ .ATMBSPHERE. _ '

< °2 ~ [©a
~ TrLAURA  FAUNA.
, * NEEDS NEEDS
« | JUFE~CYCLE. . '
gl U - urecvae
Y I I FOOD _ FOOD
Newos. ~
_ . THINWER. I
INTER-. ~ voer bl
. DFP@DEME secml. Sciencas DEPENDEN,_CE
. ;‘ , . L AGRK \LWTURE \ Lise cvcu \
- . =
: .
; = . -
BOTANY - - ~ - ZOOLOGY.
B i - MICRO- —— 3
: ‘ - lo N . ‘
v g g CLIEN B B, e
h wlsirat . i . : MODIFIYCATION.

' -COMMUNICATION AND LIFE"®

‘?az ozcs. .

LIGHT ENERGY.

COMPOSITION ' EARTH. ENERGY STORE.
FORMATION.  LAND/SEA. © L.
CHANGE GEOLOGY ' ECOLOGY.
_MINERALS - ROCKS SUB-STRATA.
' 24 -
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4. The Weather - ' -+ 8, Energy :
— Wind ’ i ’ +~ Our Energy

— Rain" - ST — Other sources of Ener,
-~ Sunllght and Heat " - — Using Energy’

\
— The Effects of Weather 9. Man—A Machine

5. Shelter + — Function of parts
— Materials — Growth

— Tools - . — Regeneration
6. Forces ‘ - - Beproduc_:tion : )
' —-Push&s&Pulls 10. Building Blocks * -
~ Magnifying forces . — Are 21l things divisible?,
— Using forces .. - - — Building more completed thmgs
7. Movement ' '
— Mechanical movement
— Movement in nature

"

As is so often the case, the cOntent headings and sub-headings given above reveal little of -
what was intended in terms of classroom activities. Throughout the brogramme it was. mtéﬁded @ .
* that the student should exploit the materials found in his environment.in the process of enrich-,
ing his insights into his physical environment and expanding his personal“&‘brld picture. The-
area 1.—Our Food, for example, provides opportunities for. collection, observation and Hassi- -

. - fication of foodstuffs. These processes may range from those based on superficial examination

5

to those dependent on investigations leading to an understanding of ‘the types of foodstuffs ré-
quired for a balanced dlet. Aspects of Nutntlon and Agncultural- Practice may be associated-

. with the work.

Area 8—Energy, proposed fora later stage in the programme, is concept based, and whulst

rting homocentrlcally, develops to encompass exploitation of energy sources, natural and

ntrived, which are parts of the pupil’s environment. Area 9 Man—A Machine offers the con-
-text for-further work on hyguene anz the introduction of basic sex education. Here one niight,
expect midwives to be used as resource personnel and visits to ante—natal clinics to feature - . _ -
‘amongst the activities undertaken.

it will be noted that while ten topics have been\udentlfled for use in the two’ year programme,
no time allocations were given. This absence of allocations represents a deg'ee of freedom of- .
: fered to the wachefs Different groups of children with their teachers wull find different top:ﬁ

»of particular interest. While this interest is sustained and accompanied by new msvghtgarﬁ

" ductive activity the work should continue. Thus each class will “‘personalize’” its own science

programme and yet experience a defined range of materials and Idaming expenencs designed
to implement the stated behavioural objectives of the course. a

* Inthe description of a lesson which follows, it will be noted that many \different activities -
might have taken place. The descnptlon is in outline only, so as to permit the reader to re-
flect on tﬁa opportunmu for creative thinking offered by the classroom situation recounted -

(C). An Integrathd Science Lesson ~ s i SR
Background: Thelmon dacnbedlsone ofasengson the topuc **Shelter— Materials” takil)g

“
-~
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. place towards the endof the flrst year of secondary education. The class consusts of 40 boys
_ and girls (ca. 12 yrs. ) and the lesSons take place in an ordinary classroom furnished with wooden
desks and chairs. The teacher, a qualified non-graduae; has a few years experience but no -*
- ' pre-servucqrammg in the techniques of integrated science teachmg. He has attended an in-
- _ service come on the programme being taught and is supported by a printed resources book .
: " which provides both a discussion of the philosophy of the’ coutse and a detailed discussion of Q )
the topics and their development, and includes suggestions for startlng pomts and exploitation
of local materials. .
"The class has previously undertaken a survey of the types ‘of shefters found in their town/
¢ village and sch ol—from storage shed to hospital. Each type of sheltér has been discussed, its ~ -
functions anal and its shortcommgs |dent|f|ed It has emerged that different shelters are - .
composed of dlfferént materials, and the class i is to continue its work by Evestlgatlng these ’
materials. : . 7

-

Lesson Objectives ’ 8 ‘ ’
1. To observe’ and report precisely and objectively. / " '
2. To t:ategorlze materials by function; e. g roofing materlals waII mat/'ials window .
materials, etc.
. 3. To design and use experlments Ieadlng toa better understandmg of the physml properties
of building materials.
4. To develop an understanding of the problems solved wh n buuldmg a shelter _
5. To exploit their command of English (medium of mstructlon) as a means of sharing
experiences and insights with others. T
.A variety of samples 6f buuldmg materials have been asembled in the classroom. Tho
student’s notebooks contain descriptions of local shelters examined in earlier lessons together \
- with sketches 4nd notes on construction. -
The teacher invites the class to suggest means by which the mtterlals collected may be gmuped
Once the problem has been posed he drops his dominant role adopting'a role as consultant. .A
few minutes of class discussion follow, as a result of which propbsals to group materials under .
. the following categories emerge—(a) local materials, imported materials; (b) plant materials,
2+ metal, stone, mud, etc.;+(c) wall materials, roof materials, etc. These groupings afe discussed
7L f > and interest is shown in plant materials, wall materials and roof materials. The class-is therr
S . encouraged to undertake further work, examining these materials in order. to learn more of their
properties. The teacher wishes tostimulate investigation of the followmg quectnons

- E Pland materials—are all plant matenals useable? .t . ) N o .
! —what parts of plants are most often used? ‘A T
: —what physical properties have these materials? o /\ s
g- strength, waterproof nature, long life, etc ISP ,'_'

Roof matenals—what properties must roof metenqc have? :
—how well do.the materials examined match the |deal requurements?
A —are all equally good for all roofs? ' :
g _ aII matenals —what physical properties do the materials available have in comrnon?
, . —are all equally suitable as wall materuals? . ..
—how are local materials prepared? - . ) )
. These questlom are not asked directly of the groups of ehlldrerrwho have now clustered’ : b
around each of the three categaries of material. Initially student activity is limited to discussion ‘
and superﬁcaal emmtnon/handlmg of "familiar” rnatenals The Plant matenals group become
S , 26 . .
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- which have been undertaken—discussion and suggestions for further investigations emerge, the

I

"interested in the different types of wood—one type being~identififd as being ‘“termite-proof’’;

they are encouraged to find out if all the various woods present ate equally strong—a range of ex-
periments are undeftaken; some crude, o{%: based on a more thoughtful, sophisticated
approach. The Roof materials group think that rain- proofing and shelter from the light and
heat of the sun are the most important properties of roofs and are encouraged to check which
material provides best protection from the sun—they move outside the classroom to start their
work. The Wall materials group have identified the need: for walls to be either unaffected by
Water, or protected from it—an experiment to find the effect of standing a plece of mud brick
“in water is initiated by the group itself.
As has been the case throughout the year, students are encou raged to make notes of

s|gn|f|cant findings’’ in their science books Ful} sentences and correct use of |anguage is en-

couraged. - ~

The lesson draws to‘a close as the various groups are asked to show each other the activities

teacher noting them on the chalk board. The teacher retains his role as consultant throughout
this interchange of experiences whilst stimulating a critical approach to information supplied -
and conclusions drawn. Before the end of the lesson the groups select-from the-proposed
future activities those which interest them-and seem Ilkely to add more information and ik-
sights to those already gained about the m erlals and their properties. The Plant materials
group want to find out whether plywood § ronger than bulk timber. (They have selected -
a difficult topic and will need help here). {The Roof materuals group want to. know why
galvanised sheet is corrugated. The Wall materials group want to !<now how strong various
materials are when. “’squashed”’ (i.e. under compression.)
These topics are | noted.by the teacher who will arrange for "‘useful items’’ to be available
for use in.the glassroom during the next lesson—a resource for, the pupils in the development of
experiments and tests. (Here the teacher is greatly supported by his resource book whuch sug-
gests means.by which the strength of materials may be tested when' under compression and in shear—
/ Iocal materuals are indicated which may be incorporated in test rigs: devised by the children.)
The lesson described above took place in thg absence of a laboratory, Without electricity,
sinks and taps, or a gas supply. The teacher, as yet unskilled in the techniques of this style of .
~teaching, found considerable support in his teacher resource book, not only in terms of back-

- ground information but also as related to the approach to be adgpted and the pat?ér ns.of
- activity to be encouraged. He had previously been:made aware of the various roles he. might-

adoptin the classroom by the experiences and discussions associated with his in-service train-
ing. He still ”|eads the class rather strongly, yet they already have the ‘freedont to adopt their
approach to the environment rather than being- completely restralned b‘ the teacher’s dictated
and pre-dispositions. The classrom was "enlarged" by the use \ of the school yard for one'of the
group’s experiments and by the recent visits to local shelters-homes, stores, etc. The work
in science has thus been tied to the life of the community-and the pupils’ homes.

Whllst as'yet, there is no great emphasis.on the principles of science, concepts and con-
ceptual structures, processes andiskills are actively being utilised and developed. Most im-

. portant, the students areestabllshung a history of experiences. in which they interacted with

their environment in a productlvefashlon gained insights which relate well to everyday. life,
and are learning that “‘success” and “'failure’ are relative terms rather than absolutes-reflect- .
-ing the usefulness of their achiévements when vuewed in terms of the|r own objectives.
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Y - IV SCIENCE TEACHING MATERIALS, EQUIPMENT AND FACILITIES

_ lntroductlon ' S - S0 . T
: The basic premise is that instructional materlals, aids, equipment and the physlcal
e : structures should.be designed and developed to serve the general purpose of education
: within the framework set outin PART |11 of this teport. As expressed in "Part- ‘I, the -
ultimate aim of education remains relatively unchanged, but the operational ob;ectwes
R . which serve as a process of attainlng it need to change because environmental conditions
. have not remained static.” There is alsoa ‘recognition of the fact that integrated science
teaching is related to all phases of a person’s life including the biological, physical and
. * cultural aspects of his immediate environment, To illustrate: an mvestlgatory look at-an .
L object or group of objects from the environment (e. 9. a stone, wood, a calabash, or any
O object of interest) may lead to explorations that relate to the chemical, historical, distri-
o . . ’ butional, biological, and mathematical aspects as well as to artistic, cultural, and linguistic
. significance and attributes. The suggestuon; that follow are basefon this premise. )
i - Audio-Visual Aids
Within the framework of lntegrated science teaching, actwutles that take place in learnlng
situations are centred around concrete objects (instructional materials) which help to
trigger curiosity. The selection of such materials might be unstructured, as it is at the
primary level, or guided by an awareness of an organizing theme on.the part of the teacher.
In the main, however, the selection of appropriate materials depends largely on the teagher’s
_ \ use of his/her ingenuity and flexibility, and upon the demand of the situation as he or she
: c perceives it.” General considerations would include the following:
P (i) the materials should be selected -from the students”immediate environment;
(i) they should capture and hold the students”interest; .
(iii) they should be rich in potentialities forinquiry activities. A
3 _ The three points are illustrated in the case of a teacher who happened to bring into her
' science room a charcoal cooker made.in the local village. Itspresence in the science labora
' _ tory sroused the pupils’ curiosity and generated a great deal of inquiry activities and |nvest|
a gations into its scientific uses. The teacher allowed the stude, ents to utilize the occasion to
engage in meani ingful activities that had educational significance. *
-+ Highly developed techinical and electrical devices such as television require proper main-
..tenance: and repair facilities. Teacher education in the best use of such facllltles is also -
necessary.
. Film projectors, sllde and film strip projectors and other aids are not useful in their own
’ right, butonly in conjunctlon with the requirements of the learning situation and the physical

\ facilities avallable For example the slide projector is. useful only when the following have
- allbeenmet: - - :
(i). theslides to be shown are relevant to the learnlng situation, '
(ii) theslides can be clearly seen in the environment in WhICh tﬂey are to be shown,
. (iii) - the power for the light source is reliable, . .- A
(iv)  spare parts are available; - : S
(v) . the teacher can use the equipment; ) . ) >
_ (vi) thesupply of slides is available when needed; ' - °
“(vii) adequate foreign exchange.is avallable for the importatlon of the audio vishal
: L materials A - :
- / ~ ‘
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- and apparatus, develop instructional materlals and ‘share common experiences and ideas.
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Science teaching Materials and Equlpmant ' ‘ ' ' o )
For integrated science teachlng tobee ective at the prlmary and Iower secondary levels

* the teacher’s resourcefulness i in the’ development of materials and equipment must be sup- -

plemented with the physical ablllty to put his requirements into Practice. To achleve th|s,
the following IocaI and nat|onal asslstance |s desurable:»

~

" 1. Teachers’ C o - -

Materials and qulpment development would be greatly enhanced by the estabhshment
of teachers’ centres. Such centres provide faculutués where teachers can construct. equlpment
“There would be trained Iaboratory personnel staffing the gentré, either full or part time, yvho
would assist teachers j in basic technlques of construction. A teachers’ centre cannot func- -
tion effectively without a flexible administrative set-up that facilitates expeditions procure- -
ment and utilization of basic materials and needed funds. S '
2. A National Curriculum Development Centre. :

The above-mentioned comments on teachers’ centres inno way preclude the existence
of a natjonal centre for curriculum development' in fact teachers centres can hardly function
effectlvely without the National Centre. The National Centre is not viewed narrowly but
more broadly to include fn equipment production sedétion, which would be part of the genggal-
curriculum renewal effort. Thus the Natjonal Centre’ would cut across Ministry boundarles to
be Ilnked with the Ministries of Development, Works, Economic Planning, and others as app-
ropriate, as well as with the Ministry of Education. In countries comprised 6f large states or
provirices, or regions, it would. probably be deslrable to have such centres at state levels also.
3. Printed Materials

leltlng consideration to the prlmary and lower secondary levels, there is a need to involve
the national cu rruculum development centre as a facilitator in the development and productlon
of printed materials within the contexts described below.
(i) tnthe ideal situation a teacher would prepare written materials within h|s or her own
school in collaboration with his or her colleagues across the curriculum subjects.
(ii) In cases where teachers cannot handle this task, Workshops would be organized. The
purposes of these Workshops would be to familiarize teachers with integrated science teaching

- and to give them guidance in preparlng written and illustrated instructional materials for

themselves, The Workshops couId involve teachers of one school»only or teachers from a few
schools, or selected teachers from various parts of the country. The wrltten materials would

~ be used on a trial basis and would ‘continue to,be improved. s

(iii) .For practical purposes at this t|me some illustrative teachers guldes couId be prepared -

and teachers would be invited initially to draw upon them to suit their own situations.
Subsequently, teachers WOuldsmove progressively to a point where they could prepare their

own guides. The national cur iiculum development centre and international education deve- >
lopmient agencies wouId cooperate not only to facilitate the availability of illustrative teachers’ *
guides, but also to serve as a continual motivating factor in helping teachers percelve their ex- .
‘panded roles and competencies.

(iv) " In the case of the lower forms- of the secondary school, the teachers’ efforts would lar- -

gely follow guidelines on curriculum items prepared by the appropriate au}horlty In the case
of the primary school, however ‘there WMOO such guidelines and the startlng point would

- be concrete objects which have captured anda used the puplls |nterests. .
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There is no apparent need for prescrublng a students’ textbook at either the prlmary or
lower secondary levels. By textbook i in this context is meant a requlred class book which is
used by all students, at the same time, for the same purpose under the teachgr’'s supeyvision.. -
Instead of a textbook there should be a Resources Centre in the school confaining all kinds_
of materials suitable for use by students and by teachers. Included in the Resources Centre
would be teachers’ guides, studentd books, reference material, charts, books on local plants,
animals, customs, etc.- The Centre would be easily agbsslble to both students and teachers.

In both primary and secondary classes-there would be no warkbooks for students. Work- -
books as they exrsbto-day are too structured and. discouragg-creative investigations on the
part of” students. A more flexible approach would suggest that the Resources Centre should
also contain‘loose paper of all kinds: ruled sheets; ‘unruled sheets, tracing'paper, drawung
paper, graph paper, etc. as well as chalk and crayons of varlous types. Puplls would utilize
these\materials‘as the need arose.
4, qu;pmant Production ' : '

>. Atthe primary and lowér secondary level equlpment construction is ch|ld-centred and as
prevuously expressed, deépends upon the teacher’s resourcefulness as much as does the develop-
ment of printed materials. Financial aid should be directed towards providing’ basic const- : "
ruction equipment such as hand tools and raw materials rather than finished goods. Advice
and expertise should be available ‘from the National Centre and local Teachers’ Centres.

Local expertise'such as that of other professionals, carpenters and other craftsmen should
be used as the occasion demands e.g.to produce items including those shown in the

_sketches. >

The emphasis on’ productlon of approprlate prlnted materials ang. equupment |mpl|es that
the Government of a country needs to drrect eXternal a|d towards the ‘development of local o
industry.* : . _ ' b
5. School Bulldmgs : ! - - ) , .
: New Facilities ' ' : o e
The establlshment of new facllltles assumes a number of basic considerations for
thé development of prototype buildings for prlmary and lower secondary classes:-
(i) Site . .
. The entire slte should be developed as an educatlonal envuronment. o /
(i)  Integrated Curriculum - '
: The area should be developed- wuthln thecontext of |ntegrat|on of the entlre curricu- -

lum; but for the purposes of this document only the integrated sclence area is developed and
links to.other - subjects merely |nd|cated .

A . ) R

. : : / T
(ii)  Outdoor Teaching. ' : T
‘The building should cater for outdoor ez(tenslon of learnung activities. )
(iv)  Extra- Curricular Activities. - N ! o !

Provision needs to be made for extra-curricular actnvutles such as sclence clubs,
, ' community health and nutrition programmes general.agrlculture etc._
“{v) Open Plan. - i et

. It should be as ‘open’_as possuble even |f that |mpl|es absence of walls, but there

should be lockable fa0l|Itles for storage, and protected space for contmlnng projects.

(i) - .
", 7. There should be a centrally lotated resources area and workshop whlch would be
~ easily accesslble to teachers and puplls. :

[
v

Central Resources and Workshop

. . . .
. . .
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(vii)  Use of Structure for Aids.

¢

, : ' The st ucture should be such that the use of aids can easily be facilitated e.g. by
.. ceiling attachments.

(viii) Animal Area. : . h : KN \ ‘

An area in which to keep animals should be provided and it should be observable o
* from inside and outside. the integrated science area. - -

(ix)  Demonstration and Production Gardens.

- -The integrated science area should be related physically to demonstration gardens ’
- o ' and plots suitable for large-scale production of crops.
i _ (x)  Student Groupings ‘ : :
: S .- Theteacher-student ratio in ﬂie example given is 1:40. The entire area should be :

suitable for studénts working in pairs or in groups 'of 8 to 10in number
\ (xi) . Resource Materials. -

. Resource materials should be supplied to cater for |mmediate use in continuing
bl " project work i.e. bogks, tools and basic raw materials
. (xii) " Student Project Storage

. L
The provision of secure storage space for contlnuing pro;ect work must be: supplied

.. for students to ensure continuity . o / p
(xiii) Large-Scale Demonstration Aids Outdoors. i o
4 The provision of such aids should be made to allow for meaningful ‘play-group’. = - f
activities, at beginning levels, o /- ‘
(xiv) - Unstructured Discovery Area. . = - . g

) In conjunction with outdoor demonstration aids, an unstructured area should be
- “provided for an individual to develop his own activities.
(xv) Portable Teaching Equipment ‘
The. equipment provided should be of a portable mobile nature e.g. apparatus
‘trolleys, movable low-partitioning, chalkboards, storage bins, etc., so that the teacher
- can effectivel y use the equipment as the occasion demands
- {xvi) Community Use of School

o * The facilities of the stheol should be such that the school can effectlvely serve
L as a “community centre”\in the realms of mass communication
! (xvii) Dack and Stage Area - .
) L The irregular structure of the deck and stage area offers teachers. workmg within
o : the mtegrated schookcurnculum possibilities for many variad activmes
R Existing Facilities. o
To move towards a suitable environment for mtegrated science teaching itis posslble to
analyse and alter existing structui'es and ‘open-up’ the teachmg area. The approach neces- .
sary embodies:-

» (i) Examination of the exlsting facilities and tlmetable to seek areas of more effective : o l
utilization, ~ . '

(i) Modification of existing buildings to increase this effectlve utillzation for example . ‘ R
~ convert3 general classrooms for use in integrated science teaching (3x600 = 1800 sq. feet); n
{ mcrease tha utilizatlon within the 3 stience M from an average of 60% in most existing

. A * .
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cases to 80%. - The above would give two new mtegrated science rooms Plus one specuallsed
science room without addlng new space,

(m) Expanslon of ‘waste areas’ jn the vicinity ‘of mtegrated science Fooms,

(lv) Effective teacher training to re-orlentate the teachers towards developmg fully the
potentlals available to him,"
Recommendatlons K o " . .

(‘1) The Establishment of a ﬁitional Curriculum Development Centre which includes

facllltles for the develop
. trial purposes. . - :
(2) The encouragement of the establishment of Iocal teachers centres for Iocal develop-

.

nt and.p_roductio'n of equibm’e’nt' and printed m'aterials for

-ment and construction cyateachlng materlals and eouupment mcon;unctlon wnth the

National Centre. . o d ooan

The development of school bulldlngs to enable the integrated science Iearnlng sutua-

tion to be effective. A suitable building could be based on the design shown.

1 An evaluation of the effectiveness of highly developed visual aid ¢ equlpment in terms

: ,._of\the ancillary faculltles avallable for its effective supplementary use in the lntegrated

: |ence approach.

That teacher training tourses mclude basic tralnlng in handlcraft techmques \‘K

(6Y interna’tlonal and bi-lateral aid agencies should be approached to assist in the .
(it ment and |mplementat|on of the above recommendatlons . .

o
.
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TEACHER EDUCATION FOR THE INTEGRATED APPROACH TO SCIENCE
TEACHING

Aims Co
Education has for too long been concerned with rote learning, stressung the accumulatlon

. of factual non-charigig information. In a society uridergoing social, economic and tech-

nologlcal changes, people must be able to cope with these changes and seek desirable alter-
natives when necessary. It is apparent that the present system does not yet meet, this need. -

- An educatlon is required that replacés rote, static and examination-centred learning with a

dynamic process of preparing mduvrduals for change and helping them to develop their

: self-concept (i.e. self-confldence plus a knowledge of one's llmltatlons) and ability .to think

critically.

To‘this end we need to train teachers Who will be agents of social and economic change.
The training colleges must equip them with academic competency and understanding of

~ the relevance of the education they acquire and transmit. They must be allowed to  develop
~ acommitment to, and en]oyment of the beneflts of science for themselves f|r§ and thus

communicate this in their teaching.

The stress, however should be. to pr’ovude an envuronment in which the prospective
teacher will be exposed over a long period to experlences in scientific processes of in-
quiry and situations which will promote the development of attitudes which complement

- those processes. There should be opportunltles to understand the values of the various

methods of working with children. These, coupled with art appreciation of child Hevelop-
ment, are invaluable in the process of encouraglng the |nd|V|dual ch|ld to realize his full .

" potential.

We-should recognize that sclence educatlon in our schools has the advantage of easily,
and in a very natural way, uslng materials as the foundation for real and first-hand exper:
iences in acquiring the necessary attitudes, knowledge andskills which are aprerequisite

- for the individual to funct|on effectlvely as a member of his community. Emphasis should

be placed on the |mportance of “‘doing science’” and\not “talking science”.
As realistic butcomes, the practising teachef can be expected to regard his education as”

'contmuous, thus assuming the role of a co-learner in an ongomg process and presenting

this attitude to his children. He will use the environment as resource materials for lessons
in science and thereby.develop creativity through AWARENESS OF NECESSITY. The
concept of a dynamic curriculum, constantly undergoing change to keep pace with the

‘society, should be present-along with a commitment to effective teaching. The teacher.

2

must be.an agent. for change. 7 . _ ‘ .
Objectives ' : v oL '
The general ob]eetlves of science teachlng in the teacher tralnlng colleges may be listed
under one of three headings: '
Thirkking processes = .
Attitudes and interests e '
Psychomotor skills. L - L3 R S

)

'Thinklng Processes to help student-1 :-

"~ il. To promote an understandmg

i.  To acquire scientific knowledge through the methed of | |nqp|ry and experlmentatlon
o/ natural phenomena

iii. To uselocal experience. ./

iv. To communicate with children

v. To fost;r scientific ideas. *

S

* -':',Z Al
. .. .

. .- .
¥,

~




ERIC

Aruitoxt provided by Eic

- et . L ! -
o : v N .
SOME ASPECTS OF A COMPETENT TEACHER * -
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Attitudes and Interests to help studen{ teachers:-' oL . - ’ -

i.  Provide an environment for children in which an interest in science can be fostered
ii. Develop a spirit of-independence, and an ability‘to solve their own problems, to asslst .
primary school children to attain these same goalsy’

. iii. Develop the awareness that the response of | do not know can be a valid answer to

some questions posed by thelr pupils. =~ +- - . . _ ‘ e
iv. . Acquire the habit of careful observation. -~ - - ..~ .. . -~ . -
v. - Acquire the willingness to,improvise.’ I '
vi. Develop the attitude of bringing into conscnous and clear perspect ve matters that .
would otherwise arouse no mterest or understandlng . - '
Psychomotor Skills  * " e o .
To enable the student-teacher develqﬁnaln mampulatlve Skl"S At was stressed ' '
. throughout the discussion that the aims arg#Objectives- of the teacher training colleges '
should be selected so as to.complement those of science education in the schools. *
In order to initiate a programme designed to encourage the personal growth, of the student-
teacher as related above, the followmg is«given as an example ,of suggested actlvmes wh|ch

mlght be spread over the initial period of the student-teachers college life. )

(i) During the first few meetings initiate relatlonshlps“between themselyes and yourself as

tutor. Arrange therh in an informal group, through discussions ard activities to find out:

‘about themselves, the tutor and their new’environment. This,gives them a chance tp become,
aware of themselves, what they have come to do, where they are, and what they can expect. ES
(i} Take them out into their hew environment whlch includes thecollege, local townor. .. ™.
village, {narkets and other places of intere'st and actnvnty Attempt to make them aware of

+ their environment by demonstrating at least one use of the environment, after which the

student-teacher should be encouraged to select and develop his own example. -, : .; .
+ “(iii) Give them the opportunity to participate in school life, not to teach, but to assm a .‘.1;'::_._
- competent teacher already in the school who will gulde and dnrect th r work. Thisisa &

time for the student-teacher to become aware of the child through interactigpabith hlm. -
(iv) Provide the opportunlty for the student teacher to’recogmze the need'to know more of
- the child and the environment.

With, the above approach the student-teacher quI be better prepared to understand and
expe'l'lence the importance of providing learning situations which try to develop the full
poteutlal of the.individual through partlclpatlng in activities. *

"The foIIoWnng exercisg Discovering Puddles, was developed to illustrate’how a toplc ‘
approath can be multi-di iplinary, or in this case inter-disciplinary,-in the sciences. - Its actual
use is'open-ended in that the depth of the investigation is directly dependent upon the back- -

« ground knowledge, and skills of the individual mvestlgators..Therefore, it might be used at the
primary school level, teacher tralnlng level, or the doctoral level. In this instance, it was used
asa vehlcle to explore posslble models for educatlng preservnce and i |nsew|ce sclence teachers.

- Dlscoveav OF PUDDLES y R
ITEM OF INTRIGUE C ' R :
Manufacture one or more puddles (small pools of water) |f none are |mmed|ately avall-
able-outside. Place the puddles in a location in the room vdnch allows for ma jmum

" observation by ‘the pamclpants This should be ‘done pl’lol’ to the begln rg of the
SQSSIOn._ - . . ‘:
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'IMAGINATION DEVELOPMENT S ‘ ' . -

Exercise the creativity of. the group by having’ them close their eyes and i imagine a puddle

_ they have seen in the past. Direct them to expand this visualization by glvung their puddle the

attributes of: size, shape depth colour, smell. Further expansion results from imagining

‘activities centered in and around the puddle Include floating or suspended objects aswell as

Iuveorganlsms . , .o

°

' OBSERVATION | o | : .

(Eyes'open) Examine the provaded puddle th oroughly Co.npare the attrlbutes with- those

of yom"lmagmed puddle Think of how you wodld change your puddle What would you'

add ~What would you remove—? .
To assure total verbal part|c|pat|on ask each member tu descrube how his puddle duffered
from the puddle provided. & , .
" Record their puddle observatuons\on the board." )

REFLECTIVE THOUGHTS ABOUT PU\DDLES ,
What questions can the group ask about the observed data?
COLOUR-  ~ O |
Whatcolour is the puddle?. -~ .. : .

What causes colour? : . .
How can we change the colour?
Can we tell what is |n water by colour?

DISSOLVING POWER " | - L
Can we add things to water that become |nV|s|ble?
Are there any things in water that.cannot be seen?
What could you add to water whlch would become invisible?

TEMPERATURE : - -
+ Does the tempe_rature of water effect the properties it has?
(boiling—ice) _ : o
EVAPORATION o e

Where does water go when it is heated? v
+ How could you prevent watef, from disapearing?

[}

" CALORIC PROPERTIES

‘Why does it take ) Iong for a fure to heat water, when it would |mmed|ate]y heat one’s ;
“hand? - . . .

OPTICAL PROPERTIES .
Why do things look Iarger when they are in the water? :
Can water magnify the size of things? -
What happens whena lrvrng organism'’s size |s magnified? ' T , .
Is it heavier? o S ~

" LIVING ORGANISMS .
‘What is the: ‘scope and size range of organusr;os that Ilve in water?
How do puddles affect our health? .

. ORGANISM DESIGN :
How is it possible for some organlsms to live in water and some not to? .
How can some organisms Ilve part of thelr life on Iand and part of their life in water?

: 4
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DEFINITION

P

A
1

Can man I|ve in water? .

What-would man need i in order to live in water all of the tume? o
COMPARISON CLASSIFICATION .

What Kinds and types of puddles do you see throughout the day?

Isalakeapuddle? =~ . ‘
Is an ocean a puddle? .
.Isariver apuddle? - . ' ' o <
What is necessary before you can call something a puddle?

. CHANGE BRI

" REPORTING AND EVALUATING

Do puddles change with tlme? B ' T )
What factors cause puddles to change?

’

. TYPES OF USERS | o .
How many different typesand numbers of organlsms use puddles? - '
USERS : - ,' O
What uses do orgamsms make of puddles? .. ' '
NO PUDDLES .

How would a world be different if it had no puddles?
. Do we need puddles in order to live?

" WORLDVIEW L -

What do puddles have to do with us, our famllles our country, other countrles, our world?
Do some countries have more puddles than other cduntnes?
Do puddles effect the way we live? , ..
OUTER SPACE . . : o ot
Could there be puddles in outer space? . e : ,
If there are no puddles in outer space . . . could we make some? o o
UNEXPLORED AREAS W T ) = )
- What new types of puddles could mancreate? a '
" What new uses could man ﬂnd for puddles?_, {{}.“
INVESTIGATIONS .

Participants, after using their i |mag|nat|ons regardlng puddles and actually observm'g the at-
“tributes of puddies and doing some reflective thinking on those attributes, are ready to attempt
to answer some of the questions they have asked throug‘h experimentation.

, Assistance will be required to organize the many investigations. The sociology of puddles

history, evaluatior, mathematlcs poetry, literature, etc. could also be correlated with the
science investigations, :

~

* In this instance, participants were asked f0 examine the benefuts students gain from sharmg
with their peers the results of their mvestlgatlons. These should be presented im an oral and
written manner, thereby allowmg participants to increase their communication skills.

The entire experience allows for development in the areas of |magmat|on, observation,

questioning, design of expenments evaluatlon of data, as weII as an exerclse of commumcatnen
skills. '

~
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S AREAS OF PUDDLE EXPLORATION .. o . )

- L _ Density | g K

Suspension. | _ - . —1 C :

. - .| Dissolving | Floating
' l Solution | - quality ' R :

.

I g - g _
—— ~ . | ; Whatdissolves ' ) How to change
Tinre R _in puddles | ‘ -_colour
Ch e L - | Factors Cause of
. | Weather [ affecting colloration )
N g T puddles | ) 1 oo : - P

¥ . . .
. /'. ,* > .
Ced o .
Y . . ! . -

) .| . explotation . : : qualities .

_ 25 _ Users of Magpnification '

it ¥ puddles of objects
}t . . K
Ecological I PUDDLES [/ .| Effects of
N = - Uses of Temperature |7 changltng _ E
i A Tk _puddl — < - water ]
A Village | L = | - .| |temperature | - ;
i : exploration | : ' \ C Evaporation . '
; — . . \ : ; i -Caloric - - . . ‘
vr 3 ' | Comparisons | Typg;s’hof‘p\uddles .| properties ( ‘

- . Nl Lifein Water ]
Classification Locatign || puddles | | = cycle | ' : e
—h—h n o
|| Micro - ~ —- : g
i Sharing of knowledge
i | gained in each exploration |
e Désigh of aquatic by group members achieves .
organism. Physi-| |- _ -+ - the goal of

‘ology, evolution _ Aue 0
and conéepts ‘. Comblnefi Kﬂowledge
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. Comblnlng the Topic and Process approach, allows exploratlon in all subject areas: by a
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group, and the acquired knowledge is |ntegrated |nto a framework of |nterrelat|onsh|ps that
the group has explored.

"The milieu of these experlences should be such that they encourage future questlonlng, ex-

ploration, and association of ideas and concepts oriented toward the future. -

Teacher eglucators need to examine each tapic they choose in llght of: learning theory,

educational soundness, types of knowledge acquired, time, and equrpment needed.

Puddle experiences is an abbreviatéd illustration of what can be done with nearly any topic.
Teachers could also choose topics in such a way that they emphaslze partlcular areas of science
more than' others Thus a well rounded topic approach would expose the student to all areas of

scrence

An example of amore structured approach whuch mlght be used.in the educatlon of teachers

- of Integrated Science for the junior classes of Secondary Schools.

The starting type of sucha topic would be the students themselves

Where do'we

_come from?
.- Where do we

go?

OURSELVES

"How strong

)

are we?

Why are we
as we are?

* What are the
limits of our
' senses?

A, B C,D, are four posslble key questlons, any one of which might be extended as far as the
student and teacher educator may wush

44
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For example congider an extension of D. ‘How strong are we?’ ’ -
N . o . i v,l . %
o :I'f‘; e e .
, o ‘ ~ =] Howstrong are
o L ] we?
Toow kL. 0k R : " ,
W . i
hd I - . B - -
o2 3. .
LI ' . ' _
Can we mcrease I Aetive Work Need for ° 3 .
the forces B Maximum Fuel (Energy )
. we apply? Rate?" Foods)
. I . '/ .'
( T
H - * * A ka
- 7B . 6. .
,". . + ) - . . [
' Temperature Air flow Effect on ;
regulation through Pulse rates. .
' ' students - . - h
9 . "
! ) . . Gaseous Effect of
. ‘exchange smoking.
) Section D 1 (’How strong|are we?’) may mclude such. mvest‘gatlons asi~ |
1. What is the maximum force we can exert betWeen finger and thumt§7K (Who is the : .
.- . biggest pincher?) - ’ .
s 2. Who has the strongest: gnp? ‘What is the value of the force applled? Is grip rqhted to
% our performance as a games player? = . _ '
~ 3. Who has the strongest hug? - M
4. What is our maximum pushing force? - - -
5. What is our maximum pulling force? s
6. What force can we exert with our leg? Is thls force the same for the Ieft Ieg as it is for
- the right? | _ S : : )
s ,\)‘"‘\"‘, -
.I’ . 1] . L * ., R
\‘ L 3 . o . L
,_ [ | - _— '~ 44 .
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Students at thls stage will be obtalmng a real feeling for forces and an appreclatuon ‘of thelr
magnltude in NEWTONS. -

_7.;:Canwe make our own standard Force Measurer and a Push—Pull measurer?
Students would make these two mstruments from local materlals (i e we are |mproV|ng their

*, , psychomotor skills), .-

8. Use the mstruulents made above to investlgate ten common pushes and pulls that we
~ ‘exert in everyday ||fe _ , _
9. The earth’s pull:coild now be mvestlgated o ‘
. (i) Let ablock fall to the ground Why does the block fall?
(i) . What is the'value of the earth’s pull on the block?
(ul) Would .the moon’s pull on the block be more; the same, or less?
fiv), Would the'earth’s pull on the block be the same all over the earth?
- {v) What_ "_-'the earth’s pull on this chunk of matter labelled 2 kilograms?
~ {vii) What would. the moon’s pull on the chunk of matter be? C e
(viii)'Would the chunk of matter be dlfferent on the moon? i.e wull there still be
' 2 kilograms wonh? ’ o

“In the above the students would be dlfferentlatlng between MASS and WE IG HT wuthout

) .uslng the words.

" The models of teachlng approach g|ven above |llustrate a dlstlnctlon between a less structu
red arid‘a more structured approach to teachlng using an mtegratrng theme. ‘The models can be -
used and developed in the preparation of teachers for elther the primary or secondary scbool
However the fatter model was deyeloped to |llustrate a probable teachlng approach at the.

" lower. secondary level. -

1t was felt that the step. towards mtegratmg the sclences was towards the mtegratlon of the
school curriculum as a whole. This represents an exciting idea for future curriculum develop-
ment_in the secondary school and it is perhaps. exempllfled in the model of the school build-
ing’ found earlier in the report,

In order to prepare téachersiof integrated science, a course could be structured S0 that the
" student-teacher follows a Foundatlon Science course for say the first half of his time in college,
:and this would be followed by an |n-depth course in a subject area of his own cl& osing which

~ WOuld itself emerge from the Foundation Course. This would achieve two objectlves (a) it

.would enable the student-teacher to appreclate the various aspects of the different sciences,
‘whilst at the same time, (b) give him the satisfaction and self-oonfldence that comes from a
* study of.an area of science in somedepth. -
The broad-based exposure to science through experuence or the*Foundatlon Course would
be taught in such a.way that the content and methodology would be integrated, whilst the -
general educational courses, e -g. . philosophy of educatlon,would be ba‘tered for elsewhere.
In-Service Edumtmn for Teachers Co - S B v
* Introduction e : R ' .
The above ideas mentroned in oonnectlon with pre-servuce education are also appllcable to
in-service education. ‘Therefore, we should strive to make it possible for the two afeas to com-
plement each’ other ‘This gould take the form of strengthemng already existing links and at
the same time encouraging thé formation of new ones. .
It is evident that the education of teachers is not: terminal but a corftinual. on-golng process,
* and to this end practising teachers should be brought into contact wuth new ideas and recent
educational developments through their partlclpation in m—service courses, semmars and work-

) .

T




shops whose aim |s tofmcrease their competence in. the classroom. - ' ' AN
One of the important objectlves of in-service education is to provide opportumtles for

' teachers to reflect upon their own attutudes and teachlng methods with a view to |mprovement ' i 5 \
Constraints o - SR : *’ . - ..
1. A Weak Knowledge Bese- : e : H2 Vo : "

One of the objections to teaching mtegrated scienge by teachers is very often the fact that
- theirown knowledge in science is not broad enough Yo make them feel competent to teach it.
Since many teachers would have studied onIy one or two of the sciences as-Physics, Chemistry,
. Blology, Botany or Zoology, they feel that their own knowledge iS not adequate for a study such \

as integrated science, which tends to look at thlngs and phenomena from a multl-dlscupllnary
. point of view. Ny ,ow :
Again teachers in the past have not acted as if they have any contrlbutlon to make to cur- *
riculum improvement, Syll&buses and study schemes have come to them from officials- outside’
the school. Teachers in this sutuatlon will either openly resist'the adoption of such schemes .
of subvert their |mplementaf|on. Teachers in the classroom should be fully involved atevery !
stage of the projects. Teachers tutors, university men and mihistry officials who have helped

~ with planning and carrylng out the pllot projects should aIso help to carry out the in-service
_training of teachers. .

. ‘\
[y

Bureaucratic Admlmstration/ stitutional Commitments . - ' o " - . .

Where ministry offuclals and other supervisory staff have not been reached, they may become

- subverting agents. It could be that these are people who believe in bureaucratlc adm|n|strat|on . B A

or institutional commitments. They know of a set way of doing'it and will insist on' or expect i

that.” Thu“educatuon officers not reached will conclide that the integrated approach, they see T
in a classroom is wrong-and that teachers should do physics or chemistry or biology, etc.’ :

During in-service education such officials shou!d be invited to participate and, if this practice is . ) - ‘
- followed, it may effectively win them over to the new ideas being propagated By encouraging . - )
such participation they could effectlvely put théir welght behind the mtégrated scuezae teachmg i v A

through their supervisory work,

External terminal examinations are often rigid in their demands and it is not easy 'to enéourage
students to adopt the integrated approach. It |s,1herefore necessary to ensure that the examina- .
tion at the end of the integrated science course is changed from what it is now to an.examina- o
tion which takes cognizance ofithe integrated approach. From the outset of the introduction

*

of the:new approach the Ministry and Examination Authorities should be.encouraged to allow RN 1 /
the appropruate kund of new examination. _ , . . oA
Lack of Incentives or the Desire for Change \ TN i

“  Absence of the appropriate examination for mtegrated science will make any in-service courses -, 3
for mtegrated sclence puiposeless, and teachers may not be interested. In add|t|on is the problem,
‘of the Iack of any financial dr status incentive. Teachers, however mterested often use their vaca- . \

.tions to go on in-service courses. To go to these courses without any hope of gaunmg flnancually
or by way o promotlon 1s asking a little too much of teachers ' :
. Absence of Change Agent ' ' : : : . v
There are many schools who will not be reached by the mtegrated science teachlng for as Iong
as m-servuce education has not (eached them. The desired change will only occur when the agents
L of change are introduced into the system. Agents of change are being prepared. o

e Through in-service educatlon cou rses; the agents of change can be m;ected |nto the educatlonal
system, ° o S N LN
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*  Insecurity and Regresslon : ' O B | a
To tear any human being from the famrlrar thlngs he’ knows to do best naturally causés _ -
S a certain amount of insecurity. This at the earliest chance such a person will @banden the new - |
thlng -and revert to the old he knows well In servrce courses do help. destroy or reduce this b v
insecurity. . ' L
Experience has however shown that if after in-service courses teachers are-not fo[lowed up. L
. then much of the effect of the training is lost-and teachers sooner or later revert to therr old -
_ ways. In short, |n-service courses are useless |f ‘there is no effectrvg follow-up. - O o b
~(In the preparatlon of the above on in-service education, reference was made to "Introduc- Lo
. ing Innovatlons—Galnlng Acceptance of Change" J. Kusl-Achampong. 1971 unpubllshed) e
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vr EVALUATION ' : ) : S
. The necessity for evaluatron' The |ntroduct|on of any curnculum into a, school system in-

volves makirg a number of decisions. In order that such decisions may be taken on a rational
bases itis necessary to have informatiop of various kinds: whlch can provide such ratlonal
bases. Evaluation is necmary for the provision of such information. - In fact evaluatlon may .
. be defined as the process of ascertaining the decisions to be made selecting related information, -

.and collecting and‘analyzmg information in order to report summary data useful to declslon Y
makaers in selectmg among alternatives.+ : '

‘Suggested Framework For Curriculum Evaluation - o S

v

Two broad but not mut::;ky exclusive dlmensmns of evaluatlon must be’ consldered ' -

" 1. Ewvaluation of the Programme. - o
2. Evaluation of‘the achievement of the |nd|v1dual chlld in the programme '
' The second dlmenslon |s necessarlly |nvolved in the first. :

Evaluation of the Programme . . _ .
Two kinds of- evaluatlon are needed here,” - : : B

(a) Formative evaluatlon- i.e. the kind of ‘evaluation deslgned to aid the development of . o
" materials and help the process of decrglon making with respect to feed back from trials. - o

" (b) Summative evaluation: i.e, the kind of evaluatlon that glves judgement asto the value or

worth of the finished product Irréspective of the kind of programme three aspects need to
-be evaluated . . . . . _ o ¢

(i) Antecedents These are the various conditions éxisting prlor to the mtroductlon of the
new materials. These may include such things as the cognitive s}yles of the children; the
socio-économic backgrou nd. of the chlldren, the admlnlstratlve structure of schools, the locallty
-of schools avallable resources in terms of funds, materials and man" power o .

. Evaluation of antecedents calls for basic research ihto these various factors. Knowletige
about them is vital to the declslon maklng processes in selectlng and developlng currlculum

A

materials.” ' W :
(ii) Transactions: These are the various strategles by which the programme is’ ‘being carrled '

out, for example the nature of materials produced, Teacher-Class-Materlal lnteractlon, teécher '
_training procedures, and admnnlstratlve Strategies. . v : -

(iii) Outcomes: These are-in general the consequences of the programme Such outcomes
may have to do with the acquisition of skills and knowledge by the child, general mtellectual
development of the child and the impact of the programmeon society at large '

: ‘An outllne framework is shown in the accompanylng table.

’ Iy ~
- -
) 4
. . ' ) /. a . . 3 ) . . .
w ' . ’ 49 . . . » ., . . 'L‘.f: .
. _ . Lo
+ Alkin, Morvm C A frame-work for evaluation Study: UCLA, Graduate' ' - ' A A

School of Educatlon Los Arrgeles,Callforma USA, 1969 ,
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: ‘0' .
.  TABLE N
sk A FR-AMEWORK FOR CURRICULUM EVALUATION _ A ;‘ x
(7N - »
i ' | Intents/ i . Judge- ° ) L
y * Variables . { Assump-  Observation. . - ment/ ° f
k tions {Instruments & Techniques) | pecicion ;
',\; 1. Manpower Quallty, _ -11. Surveys 0 d
L [y ‘Ouallflcatlons '|2. Direct Observation » -
t | /' Predispositions 3. Tests '
‘ 2. Children . Intellectual . : f
. : . - aEbllltY, Socio- i
a S conomic - , :
; ﬁ:;:"m » .. Background g - g,
3 ' -Cognitive Styles o ¢
3.. Learning Environment - T, A . '
_ School settlng ' . ¢ '
. / . Admjni stratlon. _
- 1 ’ " Econdmic re-
7 . sources, 1\ - " ‘
! " . Cultural setting _ v o
A e N . Instructlonal Materials - , 1. Direct observation using ;
; . " nature; Devel- . - Observation Instruments |
; o ‘opmental . o . e.g. Interaction analysis |
2 ; , ~ strategies. . "]2. Statistical techniques e.g. ,
2. "Instructional techniques -- o Readability indices, . —
f - Teacher Child- m 13 Slrveys.. . &
A Trans- .| : Materlal 0 2 od
. |actions interaction = . m .
N A 2 Supportwe Strategies -’ _ 3 , ' , 9,
Teachertrain- | & <
°, ing:Interaction = 0 m
‘with policy ) o
: makers. - o ( S
" Interaction with R I
s i Resource people . , .
\Q“i’ﬁ ! 4.. Intervention Strategies , ( . _
HiTep i . . :
' o 1’ The child ;Cognitwe ; 'll;ests Obs ] {
.- : . Direct Observation '
g 2. The Teach r) gsfe;tlve ¢ 3. Surveys !
i ) L|¥c omotor | 4. Statistical Techniques f
Out- |3. Parents ). -''® e.g. Cost - Effectiveness
comes : ». Analysis
o 4 Currlculum ) 5. .Controlled Stydles . :
+ Innovators ) - | . . |
5. Educational Admin, &Pollcy -
6. Economic Implications o
50. o
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i;" ~In each case a list of the varlable wh1ch concern the evaluated is listed: leen the
Variables under these three broad categgrles there are three categories of: fnformataon that
need to be collected about them. These are: N

"{a) Intents/Assumptlons' These are essentially the bases on which the currlculum develop- -
ment programme was embarked upon in thé’flrst mstance Collectmg mformatuon here in- -

volves mainly a’ process of description.

(b) Observations: The extent to which intents are realized and assumptlons justlfled can onIy

‘be determined by actual observation carried out on the jarlables in question. It is essentially.
in this operation that the use of specialized measurement and eval )Ja{orst instruments and
techniques are called for. A'list of such instruments and techniques is given.

(c) Judgement/Decision: The purpose of comparing observations with intents is to provude
-a rational basis for making judgements and taking decisions. The process of decision makjng
may involve pooling and arrarigement of information from other boxes in matrix but the
eventual judgement or deéision is essentially -a subjective one. o

ot - Evaluatton of the achlevement of the child
- This again may be of two kinds:. & . .

(a) Guidance - oriented evaluatlon. Th is is meant to identify the chlld's need for help
A and guidance in working within the curritulum. ,
(b) SJIectlon oriented evaluation: This includes yearly examlnatuons to determlne "
who gets promoted to tke next class, or end-of-course examinations to determlne
who gets the primary school le.avung certlflcate

L Guidance - oriented evaluation i is; nb doubt the most 1mportant form of evaIuatlon from

e point of view of the chlld's education. However, both kinds of evaluation must be con-

A 'sudered specially becausé the present’ situation.in most count\tes is such that selection-oriented
Aevaluatuon plays a vital role in the child’s life.

_+ There s of course the grave danger that techmques desugned for evaIuatung the child’s

" achievement can compel teachers to work along certain rather narrow lines. It is therefore :

important that techmques and instruments deslgned for integrated. science should be ser-
iously considered by specialists in the field of evaluation to ensure that the" open, inquiry-
oriented learning situations which proponents of integrated sctence teaching advocate are
not obstructed by the process of evaluation. The accomplishment-of this task may-involve
" (a) the running of special evalUation workshops ’
(b) the involvement of specialized testing agencies such\s TEDRO (Test Development and
Research Office of the West Afrlcan Examlnatlons Councnl) and test specuallsts from
universities;:
‘{c) the establishment of test |tem banks which can serve the needs of classroom teachers

” . . - N
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A VIL' APLAN FOR FUTURE ACTION FOR INTEGRATED SCIENCE TEACHING IN
ST -7 ENGLISH-SPEAKING AFRICAN COUNTRIES .

‘ o, ~* Plans for future action must encompass both national and reg|ona1 agtivities; such ac-
- i _ : tivities are complementary. While national activities can be greatly strengthened and improved -
I R . through regional inputs, reglonal activities can onIy be successful when they draw on soundly
' . ' . . based national experience. - -

Lo.s .7, Asafollow-up to the present Workshop and to the Nmrobl Workshop which preceded!

; Tt the reports of the two workshops should be widely disseminated. They should be-used as
basic documents in planning the Conference for the Application. of Science and Technology in. ~
Africa (CASTAFRICA).- National workshops should be organized at which these two reports .
: * are discussed and used as a basis for national planning for integrated sclence teachlng, parti-

A ' y cularIy in the gontext of rural development. . .
, * o . 2. " Anexchange of.information is needed. Thls will involve the establlshment of a clearing
- . house for irfformation. The Science Education Programme for Africa.(SEPA) and the UNESCO i
field Science Office and Regional Education Office should collaborate in this programme, , -
o - particularly through the publication of newslet _jers and bulletins. Evaluation of integrated T 4
.o ] " science teaching *programmes is an area where, in particular, a greater flow of information is '
. desirablé. The exchange of mformatlon among science teachers associations in Afrlca shouId
_ also be promoted in all possible ways, :
: ' ' 3. Aprogramme for the further educatlon of teacher educators in integrated science tea-
* ching isvery desirable. A ]Olnt SEPA - UN ESCO CEDO programme should be established

for this purpose. :
4. Toensure concerted action aang the various groups mvolved in soience education at
the national level (curriculum deveIopment group; science teachers associations, teacher train-
X ing colleges, university scientists, science eduéators etc.) a national co-ordinating body is *
P necéssary. A National Curriculum Development Centre can act as.a focal point for the devel-

_ . opment of science teaching materials. Teachers centres linked with-the National Centre can b
. oo promote the local development of materials and the initiation of . teachers in their use. )

5. Science teaching equipment poses particular problems for the on-going deveIopment '
of integrated science teaching.” Countries should establish national centres for the productlon
maintenance and repair of schpol science equipment. UNESCO assistance may be sought for-
this purpose. These centres should be closely linked with the on- golng curriculum deveIop-

. ment activities in integrated science teaching at the national level. '
6. One ot more pilot projects in school bunldmgs for integrated science teachnng in Africa
: should be established through the agency of the UNESCO Regional.Educational Buildings
N ~_Institute for Africa{REBIA), Khattoum. Such projects should be establlshed in countries
ST T Y which already have well-developed mtegrated science, teachmg programmes. .
7. Several international and bi-lateral .agencies are assisting integrated science teachmg in
" Africa.”Where co-operation between them is established, progress will be more rapid. These :
i, . ." .7 - organizations should seek actuvely to worlytogether to provide ”lntegrated aid’. . B
- "~ 8.". There is the need for more regional and sub-regional Workshops, SEPA should col- :
laborate wuth UNESCO and UNICEF and with bi-lateral aid orgamzatlons in the planning, .
. .organization-and follow-up of future Workshops. In particular, evaluation workshops linked ~ ; _
_ _.with integrated science teaching programmes should be. organized at international, regional =~ °,
L . and national levels with multi-lateral and bi-lateral aid.- Such workshops shotild be concerned
o * with the constructlon of sample evaIuatlon instruments and wnth the tramlng of mdngenous .
personneI . o - :
: ' ' 52 St . e
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. PARTICIPANTS AT THE WORK.SHOP L
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Natuonal Partuclpants . e d? L - '_
. BOTSWANA . MrK.G, Kgoroba A ST OO
: ' Lobatse,Secondar? School . . B P i
SRR Private'Bag 13, Lobatse” MR S '
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. o : .o o - Curriculum Department o S e ‘}
£ e _ - Ministry of Education ’ '
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EE © P.0.Box 1367, Addis Ababa '+ - PUREEEN &
S A ' GAMBIA \ Mr. C. W, Cofe*™, - o

T

P . Principal Education Ofﬂcer . ), : ' ;:' e

’ * Educatiop Department R L.

) : Bathurst . * - - Co e

., GHANA - Mr.S.M;AduAmpoma . . fo i N R
o . ‘ Principal Education Officer > * . -~ . . | N A

e . Ministry of Education . o ot
e . ¥ -P.0.BoxM. 188, Accra E
. o KENYA .= Mr.Fanuel Wakhu - Lo SE e

e e . Kenya Science Teachers College - . L SR P

. © - P.0.Box30506,Nairobi - . ]

3 ’ e UE Kugi . S T I

: Co . Ministry of Finance and Plannlng oy R

] - : . - P. O. Box 3000-7, Nairobi ' T B

LESOTHO: ~  Miss E. 0. Morahanye e e
' "+ Peka High School SRR PR A
o C oroBoxtzpeke . o L L ST

- LIBERIA + “Mrs. Theodora Ward Jackson IR L :
. ‘ ~ Teachers College e ‘

o - University 6f Liberia, Monrovia ., e T
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A s MrJMAkmtola : -
'i ' ' ' FederalMumstry of Educatlon, Lagos
i S e Lo N Mr. T.A. Balogun -~ - . .
L e T . . Faculty of Education -
o I T S S o . University.of Ibadan, Ibadan
. 4 .o .GIERRALEONE \ - Dr.Magnus Cole

.l
\r‘t L e L. ..\ Njala University College, ‘Njala .
~ii 7 o . 0 SQOMALIREPUBLIC Mr.O.J. Dahir-
AT L e - College of Education, Mogadlscio
R “TANZANIA - Mr. E. Mushi S
1 ) . - o R , College of National Educatlon ST
¥ ' Lo " ‘ Box691, Mdrogoro
< . . -7t  UGANDA “Mr. |. K. Bagarukayo L
. ) Loy o o - P, QB. 152, Mukoni, Kampala _~ . "
4 0. " .4 . _ZAMBIA  Mr.S. M. Chellahs | S
% P T ' MufuluraTeacherTralmngCollege .
. s p ' P.O. Box 400 Mufulura .
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RR e Unesco Experts assoclated wuth Unesco/UNICE F-assusted pro;ects or
R S ® e : Unesco Science Education Prmects '

L . ~ . - Ml‘.R C. Lang o '-l Lo ’ - . . , -
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L ' Mimstry of Education . - S :
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Dr. Hubert Dyasi

Science Education Programme for Africa
P. 0. Box M. 188, Accra, Ghana R
Observers - )

- Africa Primary Science Programme

Mr. J. Seawell
P.'O. Box M. 188, Accra, Ghana

The British Council

Mr. B. J. Carroll
British Council, Western House, Lagos, ngena
Mr. Da\ud Bates
British Councﬂ P. O.Box 771, Accra, Ghana

Centre.for Educational Development Overseas (CEDO), L. K.
Mr. D. G. Chisman
Deputy Director, CEDO
. Tavistock House South
Tavistock Square
LondonW.C. 1, U. K

~ The Ford Foundatlon ) N

Mr. Ross E. Bigelow - ) .
The Ford Eoundation
Box 2368,/47, Marina, Lagos, Nigeria

International Development Agency Pro;ect Slerra Leone
Mr. J. R. Hill ‘ o
Stience Education Adviser — ,

- Curriculum Revision Unit ° ' . €
I. D. A. Education Project :
c/o British Council, P. 0. B. 124, Freetown ..

. Observers from Nigeria - i .

S Mr. L. J Adenuga - N
lbadan Grammar School, Ibadan
Mr B. E. K. Briggs ) ' '

¢ Ministry of Education, Rivers State, POrt Harcourt -

Mr. P. Dastoor '
Chemistry Department, Unlverslty of Ibadan 2

* Prof. B. Fafunwa : 3
Deputy Vice-Chancellor, . '
University of Ife, Ile-Ife '
Mr.'A. A. Ibegbulam
Nigerian Educational Research Council
Federal Ministry of Education, Lagos
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. o _ Mr. E. A, Ifezulike -
: - Government Secondary School
Afikio, Enugu

Mr. 1. O. Ekeobi
: . International School
' : University of Ibadan
. ' Mr. A Mﬁrown ,
Mlmstry of Education, North Central State Kaduna
Mr. U. D. Mairiga
Government Secondary School
; _ ; Lafia, Benue Plateau State
; SR ’ Mr. J’ 0. Molomo
R . Ministry of Education, Western State, Ibadan
N “Mr. IR, Murray -
University of Ife; lle-Ife . .
Mrs. I. R. Murray : =
University of Ife le-Ife .
Dr. K. H. Niedfeldt s
Dept. of Education, Ahmadu Bello Umversuty
Zaria, North Centp IState CN
Mr. S. 0. Oduntfa L
St. Andrew’s College, Oyo
Mr. E. O. Oglinyemi :
Dept. of Educatuon Umverslty of lbadan
‘Mr. T. O. Ohjkheha
,Dept. of Education, University of Ibadan
Mr. K. A. Olaniyan
+ Federal Ministry of Educathn Lagos
} co o . Mr. D. Oyewole ~ ‘
L ' " President, Science Teachers Association of Nigeria
; - West African Exammatuons Council, Yabe
Mr. O; Ryan
. International School, Upwerslty of Ibadan
~. Rew.P. 'S, Samuel

!

1

.
. - (/ / ,
Secretary, Science Teachers Association of Nigeria

f -lnternatuonal School, Umversuty of Ibadan
‘Mr. G. A, Ugwuegede - 3
Ministry of Etucation, East. Central State, Enugu

Dr.E.A. Yoloye .

Dept. of Education, Unlversuty of lbadan - -

Mr. John Whee  * .
s Instltute of Education, Unlversuty of Ibadan

-l




- Workshop Co-ofdinator - » . -

"Mr. L. E. Folivi

' Federal Ministry of Educatlon Lagos

. Unesco’Secretariat '

vt Dr. N. S. Rajan Y :

v Unesco Chief of Mission 4

c¢/o Ministry of Education, P. 0. B. 2823 Lagos, Nigeria o

: Dr. O. Ibukun .
Director, Unesco Field Science Office for Africa . .. = ¥

Unesco House P. O. B. 30592, Nairobi, I(enya
Mrs. Sheila M. Haggis

Programme Specialist

Division of Science Teachnng, Unesco, Paris, France

ANNEX 11
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” WORKSHOP PROGRAMME
" Normally three 2 hour working session were held pef day detailed below \
Session1 8.30 am.- 10.30 am.
" 2 11.00am.- 1.00p.m.
' : " 3 300pm 500pm

Monday, Saptember,.ZOﬂr_
Session 1. (P)* _
" 8.00a.m.-9.00a.m. Reglstranon
' 9.00 a.m.-10.30a.m.  Opening\of Workshop by Mrs. F. Akmtunde-lghodalo
. Permaneht Secretary, Western State of Nigeria_
. Ministry pf Education, .
‘ : Chai , Mr. J. M, Akintola, Federal Ministry of
Educatlon Nigeria,
, 'Keynote address, Prof. B, Fafunwa
2. (P} e o
11.00 a.m. - 1.00 p.m. - Discussion of keynote address .o
v "\ Presentation of country programmes by
' national delegates
3. (P) .
3.00 p.m.-56.00 p. m. - Presentation of country programmes by .
4 national delegates (continued).
, -6.30 p.m.-8.00p.m.  CdGktail Party. | Y
\
: ‘ 57.
* P = Plenary session, G = Working Group session —_ >
' Gae 4 ' b L
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~ Tuesday, September 21st . ‘ ' ..
t  Session 1. (P) The concept of Integrated Science Teachlng Mrs. S. M. Haggus

_ Integrated Science Teachung Examples of Current
. , Programmes - Mr. D. G. Chisman

2. (P) 3 Curriculum Development in Integrated Science Teaching
— Primary level — Dr. Hubert Dyasi
3. (P) Presentat|on of country programmes (contmued)
Wednesday, September, 22nd ' ‘ 4
.Session 1 and 2 (V) Visits to schools, training.colleges etc. in Ibadan. (
, <
. Thursday, September, 23rd » ’
Session 1. (P) Developrnent of |nt\egrated science teachung materials —
Dr. Magnus Cole.
2. and 3. (G)qukmg groups. .
Friday, September 24th |
Session 1. (P) - Teacher training for integrated scuence—pre service courses—
’ . Mr. D. Carter
1 2. (G) Working groups 3
3. Visit to Exhibition of science teaching books and equupment
Saturday, September 25th , |
Session 1. (P) Science teaching equipment, production and distribution—
‘ Mr. R. Marshall and Mr. N. K. Lowe
2. (G) . Working groups
Sunday, September, 26th—Free
’ Monday, September 27th -
Session 1. (P} Teacher training for mtegrated scuenée—rg- service courses—
_ Mr.S. M.Adu—Ampoma
2. (G) Workmg groups
Tuesday, September 28th , |

( . All day visit to Auyetoro Comprehenslve Hugh School and to Mayflower School

Ikenne
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" . Gambia-

n Integrated Science Projects in the U.°K.—Mr. D. G. Chisman

. s
Wednesday, September, 29th
‘Session 1. and 2; (P) Evaluation of integrated science courses—Dr. E. A.: Yoloye
,' 3. (G) Worklng groups .
'Thursday, September 30th '

" Sesslons1 2. and 3 (G) Working groups Flnallzatlon of group reports
Friday, October st. Natlor\a__l Holuday

Saturday, October 2nd .
Y SeSSIOHS 1,2and 3 (P) Presentation of group reports

: Sunday, October3rd~  Free . . P o ) .

. Monday, October 4th :

t 4
Sessrons 1. 2 and 3 (P) Presentation of final report .

Cloging ceremonies.

ANNEX 11 e
. f‘
'LIST OF PAPERS PRESENTED TO TI-iE WORKSHOP
Reports on the status of science teaching at prumarv and lower; §écondary levels from each
of the following countries: ‘ 4 , | T
Botswana ’ : . '
. Ethlopla

%

Ghana -
- Kenya
Lesotho
Liberia
Mauritius~ v
Nigeria ~ _ ol
Sierra Leone;, N e
Somali Republic @ 1. ‘\ "
Tanzania_ ) ' 1
Uganda '
Zambia ' ' ' :
Keynote Address: *‘Premature Specialization in Science Education,
A Dis-service to Developmg Nations"”—Prof. B. Fafunwa

e Concept of Integrated Science Teaching—Mrs. S. M. Haggis
nesco’s Programme in Integrated Sclence Teachmg—Mrs S. M. Haggls

The Science Education Programme for Afruca An approach to Educational - ’
Development—Dr. H. Dyasi .

>

Development of Teoohing Materials for Integ'rate_d Science—Dr. Magnus J. A. Cole
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Some Flrst Ideas on the Pre-Servuce Tralnlng of Teachers of Integrated Science—

-

Mr. D. Carter . = - ¢
Teacher Training fép Integrated Scuence—ln-servuce courses—Mr S. M. Adu—Ampoma
Multi-Purpose Laboratories Suitable for the’| Lower Classes of Afrlcan Secondary Schools

and For Primary Teacher Training Courses—Mr Rlchard Marshall.
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ANNEX v
MESSAGES OF WELCOME PRESENTED AT: THE OPENING CEREMONY

4
An Address of Weloome Presented By
Mrs. F. M. Akintunde-Ighodalo
Permanent Secretary, Western State of Nigeria
Ministry of Education.

Mr. Chairman, Ladiee and Gentlemen,

It i a pleasure, indeed a great privilege, for me to be invited.to perforrn the formal
opening of this workshop which has brought together 14 English- speaklng African Countries.

Nigeria (and Ibadan in particulgr) considers itself fortunate to have been chosen as the venue

for this great gathering. May | seize this opportunity, an- behalf of the people of this country,
to welcome you to Nigeria and ho dpe that your stay will be very fruitful one. .

One does not require a sermon‘to appreciate the fact that the days when school subjects ,
were in different water-tight compartment are over. Man has come to appréciate the unity
of knowledge and interdependenceofthese sub;ects on one another, Biology is becoming
more and more involved with Chemistry; it is becomlng incressingly difficult to draw a fine
line between Chemistry and Physics, while Physics is fast becoming more mathematucal The
need for an integrated science programme therefore cannot be gainsaid. This is why the
efforts of the United Nations Educational, Scientific And Cultural Organlsatlon {UNESCO)

_ to organise this seminar is not only opportune but also very welcome,

There are several problems connected with the teaching of science as an entity, and
these vary from one country to another. Individual countries must have been tackling
these problems in their own wdys and with varying measures of success. It is therefore
gratlfying that you will, among other things, exchange information on what has been done
in your different countries at various times to produce and implement integrated science

curricula. | am sure that it will also be useful, as | understand you will be doing, to review

integrated science programmes in countries outside Africa with a view to developing integ--

rated science teaching programmes that are suitable to ourparticutar and peculiar background.

The problems which science teaching creates are-of a universal'nature and only vary in

degree from country to country. In Nigeria, as in most devetoping countiies. we are short of .
. personnel for teaching of science, and the few that are available are ve - / «'ften the less ex-

perienced ones. This is largely because we cannot compete with indi::.- ~ , as the latter
often offers more attractive salaries. This rapid turnover makes contin . y of teaching
difficult. Another dlfficufty in the way of science teaching, especially fr.; Jeveloping
eountrles, is the inadequate supply of resouree material. b

,}2,359 | . \
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It is gratifying therefore to know. that at this conference you will deliberate extensively
on how to make suitable textbooks and materials available for learning sciénce in our schools:
Efforts by the UNESCO in trying to improve the lot of mankind especially indevelo

cou)ntnes are highly appreciated. May | wish, therefore, to seize this oppartuni

to the UNESCO the immense thanks of the Government and people of Nigeria in particular

and of Africa in general for arranging this conference. This workshop is tak

result of the challenging contlusions of the 1968 UNESCO sponsored VARNA Congress on

the Integration of Sciente Teaching. 'Part of the conclusions reached at that time say that:-
““The teaching of integrated science contributés towards general education, emphasizes
the fundamental unity of science, and leads towards an understanding of the place of

. - Science in contemporary society . . . . _

"At the earlier stages of secondary education a totally integrated course in experi- |

mental science appears generally desirable . ;.. - : T r
““Further experiments in the development of new integrated curriculum and the produc-
tion of teaching materials are needed.”’ _ A

We in Nigeria have made'a number of efforts to produce general science and integrated :

science programmes. |n particular and with the assistance of the United States Aid For
International Development YUSAID), the Ford Foundation and Harvard University, we have -
‘been able to profluce a fairly suitable general science programme for the first two years of '
our secondary schools. Through the Comparative Education Study and Adaptation Centre
(CESAC), programmes for the last three years are currently being written,
The different States are also working on Elementary science programmes, and in thls

latter respect, we have benefitted from experiences gained by our teachers from participation
in African Primary Science Project (APSP), and other workshops organized by our yniversities
and similar bodies. A number of other organisations have also responded very well to this
challenge by establishing Curriculum Development Committees to araw up new syllabuses _
for the teaching of science in the lofwer forms of the secondary schools. ™ '

* Particular mention must basnade of the Science Teachers Association\bf Nigeria (STAN),
* the Comparative Education Study and Adaptation Centre (CESAC), and the Nigerian Secon-
dary Schools Science Project (NS3SP)—Nuffield Foundation, the British Gouncil, all which -
have both individually and jointly organised and supported curriculum improvement in
science teaching in our schools, Representatives of these various organisations are at this
conference and will no doubt cooperate in making it a success. The country very much app-
reciates the contributions whiich these organisations have made and are making towards the
proper teaching of science in.our* schools. : _ -

The need 'to.‘t,each science is of such great importance for the Qeveioping countries of
Africa. As dévellopirig countries we require the services of indigenous doctors, engineers,
experts in various fields of learning who will make valuable contributions to the adVancer't:ent
of our nations, 'The foundations of these professions are laid in the science programmes of our
schools and they will n:ahave been properly laid if science is not well-taught.

I this\‘confere.nce must achieve any success at all, it will be in the preparation of a satis-
factory and supelior scierice programme. May 1 warn that a satisfactory and superior science
educdtion programme must have economic, political and cultural objectives so as to achieve
the goals of the society for which education is planned. Poor developing countries with
economic problems and inadequate man-power to cope with the techhical problems which

development inttoduces have aspirations which are constrained not only by the limits of
PR L0 ) . _ »
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. Address of Welcome by Professor G. M. Edington
: Deputy Vice-Chancellor, Unlverslty of Ibadan -

Chalrman Dlstmgulshed Guests, Delegates, . E S

_ 1-have the greateet pleasure in welcoming you on behalf of the Vlce-Chancellor' Professor
T. A. Lambo, to the campus of the University of Ibadan; Professor Lambo expresses his '
"deep regret at being unable to be present this morning but he is "heavily committed else-”
where.. | should like to say how honoured the University is to be the venue of thismost =~
important Workshop and we are grateful to the various UNESCO Agencies and to the
Nigerian National Commission for UNESCO and to other s pportlng organizations for con-
sidering Ihadan a worthy host of this Conference. Our Chairman nd Madam Permanent
Secretary, Mrs. F. M. Akintunde-Ighodalo, have already said much that | myself |ntended-
to say. So | shall therefore keep this address as short as possible. We are delighted to have
. s0 many delegates from the English-speaking African countries visiting the University.
. Duaring the last five years, the idea of integrated science teaching has gained greater and
greater prominence in the educational programmes of many countrles of the world and | am
delighted to say that the Science Teachers Association of Nigeria has been most active in .
this field. One cannot emphaslse too highly the importance of science in the educatlonal
programme at all levels. More and more in countries in Africa is science being applled in
various areas of industry and training in pplleg/{cuence is being undertaken at 4techno_|og|ca|
colleges and universities. ‘It will be impoible for these institutions to successfully undertake
such training unless a flrm basis of stientific knowledge i is Iaud at the primary and secondary

school levels. - I

Different programmes M[have tended to identify different areas as bemg the common
élements i in science. Some have identified the comimon links in terms of “sclentlf' ic concepts”
like energy, systems, mtéractlons, relativity, etc. Others have identified them'in terms of
. "SCIGI?tIfIc processes’’ éd -observation, classification, hypothesus form,atuon., experlmentatlon
mterpretatlon of data, manipulating variables etc.

The result is thet altq' ugh there are various programmes bearmg the label “mtegrated
science”, they often differ markedly in their content and have integrated their science in
very: dlvergent ways; °Perhaps the one-thing common to all i is the emphasis they put on
inquiry and practical appllcetlon by the students.

' e present conference is, therefore, serving a very vital function in providing a forum
- for exchange of mformatlon on the various programmes with a view to the overall i improve:
mentgf science etfuca{ o
Finally, | should ||ke to welcome you all, .once agaln and I hope that you will have the
. opportunity of seeing, SOmethlng of our campus. A visit seour Library, Institute of African’

Studies and Bookshop should be well worthwhile, dition to visiting historical Ibadan,

I'hope you will also have time to, visit our sister Ufiiversity of Ife with its wealth of sur-

rounding cultural objects. May I'wish, on alf of the Vlce-Chancellor, ur Workshop

éVery suocecs. . = : ; ) )
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of living is appealing to citizens of developing countries.

The commorvdream of all developing countrijes is to be industrialised in the hope that
this is the first step in a take-off to modernity. The tendency in the process of pursuing
these dazzling goals is to make the regrettable mistake of forgetting the importance of
Agriculture or relegating it to the far background in the planning and execution of their
economic programmes. [t is hoped that the holding of workshops and seminars like this one
will go a long way to correct such imbalance in our planning. _

It needs to be emphasized that science is fast changing the world. Every officer of govern-
ment, every-law maker is confronted with ali sorts of scientific and technical development
which affected the political, economic and social problems that are a gover: t's main
concern. A businessman no matter what his field is confronted everyday with technical and.
scientific break-through that may threaten him with disaster or hold out the promise of
great achievemént. Yet law makers and businessmen alike must turn for advice to technical
people whose language they may not even understand. This means that our science prog- .
rammes must prepare the geniusand the future professional for his future undertaking, . .
and yet provide the layman with enough understanding of the main essentials of science so
that the process of communication between the expert and the people he is to serve can
be meaningful and fruitful. : - ' -

I have no doubt that in.formulating whatever will be acceptable integrated science prog-
rammes for developing countries, you will not forget that we must set certain goals. Per-
mit me to suggest that these goals must, among many others, foster humanistic, liberal and
general education. Itshould aid the student to develop critical thinking through inquiry '

approach; help him to appreciate the ability of man to control his environment and adjust it

to suit his aspirations and meet his needs. It must also foster the awareness of the people,
both leaders and led, government and the governed, towards scientific and technological

~ analysis of their problems and,environments; and it should last bit not the least, assist the

students to develop their decision-making skills. ‘

" Ladies and gentlemen, Ibadan is a big city and a land of contrasts. | hope that while you
are here you will find time to see what we can offer in the way of culture. We are very proud
of our city and the little that we have been able to achieve. Please feel free to explore our
lands and take back with you the goqdwill of our people. You pave before you a fortnight

of purposeful activity and valuable discussion. This is a very heavy assignment and we look

forward to reading the report of this conference. . , .
“Once more | welcome you all to Nigeria and to Ibadan in particular and wish you a very
happy and fruitful stay: ' .

Ladies and-gentlemen, it {is with the greatest pleasure that | now declare this workshop
obpen. - : " ‘ . '
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Address of Welcome to the participants at the UNESCO/UNICEF
Workshop on Integrated Science Teaching for English-speaking
Aftican countries, Ibadan, Nigeria, September 20th - October 4th, 1971.
by Chief Stephen Awokoya, Ditector, Department of Science Teaching
. and Technological Education and Research, UNESCO.

. - N

Ladies and Gentlemen, ..

| regret that | am not able to be with you in person today: to welcome you to this
integrated science teaching workshop for English-speaking African countries. | feel that
this meeting will be a land-mark in the development of science education in Africa. You,
the representatives of 13’African countries are met together to carry out a kind of "’stock:
taking” of science teaching developments in the primary schools and secondary schools of
Africa. Your particular task is to draw up a plan of action for ‘the development of a science
teaching which is suited to the needs of your pupils in the actual situations in which they
are living. .

You will be concerned with *integration” at this workshop An integral is something

. which is whole. You are thinking about science as a whole as it effects the child in the totality

of his environment. | like to think of integrated science at the lower levels of schooling as
a kind of embryo which contains within it all that is necessary genetically to produce not
only the future scientific and technological manpower required for development but also
the gy%d citizen in our modern age. Thus, integrated science teaching should provide a
basis for the pupil who will become a citizen who needs to take decisions in matters deeply
affected by science. This person might be a politician on whose decisions the fate of
.millions could hang. He might equally be an agriculturist, an architect, a physician, an en-
gineer, a physicist,a chemist, a biologist, a mathematician, an economist, a-bishop, a-judge,
or even a business man. Integrated science teaching, however must have integrity. It must
be linked wnth the whole of the school currlculum It must be.a stimulating experiencein ° -
the scientific eduycation of the child who will later become a scnentlst or follow a science-
based career, Even if he does little more, it should enable him to appreciate science for
what it stands for today and in the future. In this connection, you may feel that the naturdl
environment offers you an excellent approach; you may also feel that the technological
application of science in modern society is equally a valid entrance; others may think that
the combination of the different scientific disciplines is the real answer. Whatever your pre- -
Judices, integrated science should be integrated and have all those ingredients which will
later evolve into the various dlsclplmes

It seems to me, therefore, that you have a double task: to be concerneg,with the contn-

- bution of science to general education in African children, while at the sathe time providing

those basic skills which are essential asa foundation for more highly specmllsed training in
the future. ~

I hope that inthose two weeks you will have a rewandmg and fruitful time and | look
forward with every confidence to a valuable outcome of your endeavours.

S. Oluwole Awokoya,
UNESCO PARIS FRANCE.
September 15, 1971,
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ANNEX V

Premature Specialisation in Science Education: ’ ‘ v
A Disservice to Developing Nations (

: ) & H i

Key-note Address =~ i
|

by
Professor A. Babs Fafunwa
Deputy Vice-Chancellor
’ * University of Ife
lle-1fe

A

Chairman, Ladies and Gentlemen, ) ' . ‘ : : s

It is with considerable trepidation "that | appear before thls august body, of scientists and
science educators and administrators from seventeen countries to deliver the keynote address
at this important international workshop on “Integrated Science Teaching”. Although I did
some science in school and at the University, | cannot claim to be a scientist either by trade-
or by profession. | am however a friend of science and scientists who are interested in fin- N
ding solutions to.the many problems that bedevul under- -developed countnes of the world
particularly the African countries.

We are living in a world where Science and: Technology have become an integral part of )
the world'’s culture and any country that overlooks thlsmgmfucant truism does SO at its own
peril.

We know that it was the practical application of the new discoveries in science and teoh-’ .o
nology that was largely responsible for transforming the erstwhile under-developed or back- _ o
ward societies of tWtern_ World into advanced states. It was also because of the speed :

henomena were disseminated and proliferated that the West was .

tion of science which brought economic and social benefits to mankind in general and to *
Europe and America in particular. These guaranteed them a high standard of living and
improved the health:condition of their people.

It would therefore be foolhardiness on the part of the non-Western World not to recog-
nise science and technology as a dominant cultural factor in this late twentieth century.
Dissatisfied with their own rate of growth, both Edrope and America continue to seek
newer ways of doing things; yet many.of the first fruits of scientific and techriological
progress have not yet arrived in Africa and the new advanc&s which have superseded the :
old are even farther from Africa’s reach. s ' )

Itis posslble to exist with little or no knowledge of science. Indeed mllllons of people
in developing countries do just that. But it is almost impossible today to lead a full and
satisfactory life with little or no knowledge of science. We of the under-developed countries
must develop our human and natural resources to solve our economic problems. We need
to improve our diet, improve our transport system, develop our mineral resources and con-
trol soil erosion. We must introduce modern scientific farming, control cattle diseases,
improve their health programme and solve a myriad of other problems that call for scien- ™
tific and technological dexterity. To achieve these, we must, as a matter of national
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’ urgency, traih as quickly as possible an army of competent teachers, scientists and tech-

nicians. We require also scientifically and socially orientated policy makers, as well'as
scientifically orientated citizens. Science in twentieth century has, without a doubt,
become a necessary aid to good living and good citizenship, to health, agriculture, home
making and leisure. For these redsons, therefore, science and technology must necessarlly
play a vital part in African education and the new school curricula. Every child and every
future adult has to be reached, -

To achieve this, the foundations must be laidat all levels of educatlon through both
general and special education. By general education, in this context, we mean a broad
type.of education aimed at developing the attitudes, abilities and be v(nour considered
desirable by society. As far as science and technology are concerned, it is attitude that
matters. It is largely through adopting a scientific approach to problems that Africa would

‘be able to join a world where science has already become a dominant cultural factor. With
“this desirable scientific attitude in the African, a successful war could be waged against

superstition; aptitudes could be developed for vocational pursuits; the child and the adult
would be able to manipulate simple gadgetry, work of hang and eye which would buttress
or supplement mind and heart. It is most essential that Africans develop this scientific
attitude in agriculture, still the occupation of over seventy per cent of the people.

I sincerely bglieve that no major industrial revolution can either take place or be sus-
tained, no new society can be built or maintained in a continent where the masses are

_ still dominated Iargely by magic and supérstition. | also believe that the scientific attitude _

can be acquired as a way of life, in the same way as socialism, capltallsm or communism
is injected into- the society as a way of living. "

Considerable emphasis needs to be placed on stience at the elementary level, because for
the next fifty years or more, most African countrieswill not be able to provide more than
a free elementary education for their people. Consequently, millions of future African
cltlzens who will form the bulk of Africa’s man-power, will not have more than a primary
education, or at best two or three years of secondary education. It follows, therefore, that
this new generation of citizens should have a broad scieritific background at this elementary
level of education,

, | am happy that this particular workshop i is on "’ Integrated Scuence " Thisis a
fashionable topic these days and it is like the weather which everybody talks about but
does little about it. It is gratifying that the UNESCO and the African countries’ repre- _
sentatives who are assembled here today are determined to do something about it.

Making a case fer Integrated Science programme at the primary and the secondary -
school levels may be like preaching to the converted. Nevertheless, we cannot over-
z\phasls its importance to Africa in particular. Most of us are products of specialised :: 4

ucation and the scientists are not the only culprit i in this area.” It is ironical that even '
though we know that specialisation is meant to serve only a handful of people, educators
insist on giving everyone specialised education. In the United States and the United King-

dom only a very small proportion of the secondary school and university graduates work in

the area of their specialisation. Worse still, many of the graduates required by industry
have to be trained or re-trainéd in the area required by commerce and industry. Nigeria,
like many developing countries is going through the same experienc. Less than fagty per
cent of our University graduates are engaged in the field of their specialisation. Evenin:
the teachmg field'a hlgh proportion of our graduates are teachmg the subjects in which

'
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graduate should be a @ or a generalist. Most graduates in Britain and'all ~
of its former colonies tend to be ovéf#pecialised and like most specialists thay knew more
and more about less and less until they reach a pomt where they knew everything about
nothing! Their education was so narrowly based that many of them became absolute il- ¢
literates not only in non-science subjects but also in other allied areas of science. Itis -
rather bewildering for me to meet some Ph.D. holders in Chemistry who can only teach *
organic chemistry but not inorganic chemistry to first year university students or vice !
versa; or a Ph.D. holder in some small aspect of Zoo who cannot teach first or second year

Botany. When specialisations are carried this far, then a.country is in trouble, particularly

a poor developing country whose resources are extremely limited both in human and natural
resources. Mind you this deplorable condition obtains even in the social scrences and human-

_ities but we must admig that science is the worst offender. In the U. S. and the U.S. S, R.,.’

specialisation is postponed till the post graduate level in most cases. Iromcally, those who' ..
landed on the moon never had Sixth Form education or early specuallsatlonl o ‘.

| do not want to be~(msu nderstood as not believing in specialisation: | recogmse the.* =
ultimate necessuty for specific skills. What | am advocating is a broagh-foundation at the ~
primary and secondary school levels. Curiously enough we tendt6 forget the purpose-of
primary and secondary education. Both are supposed to help the, child get adlusted to hlS
immediate énvironment and offer him a broad general .education to enab)e Him live apd ;. ]
act as a responsible citizen of his fociety. To be # versatile individual he siould, be exposed
to the whole spectrum of education, not just a parrow experlence which in any case isnot

-really needed by i "?1 ustry, commerce, his hom¢ or his peers with whom he is gomg "to spend
e.

the rest of his life."Pre-mature specialisation &t primary, gecondary and even at "the first |
two years df university worleis not only mervuce tp a nation, it isalso a hational dis-
aster, in_that it is a collosal waste o ited human a d flnanclal resources. of a developmg
country .
It is being suggested by many noted educators that even at the umverslty' level special-

-isation should commence a.the post-graduate level. | fully agree.* As Yor the Sixth-Form

work which is the only educational exception in the world as the majority of the countries
of the world have'no sixth form, thé British Ppeople who invested it are now seriously con-
sidering its liberalisation; that is sixth formers should bé exposed to six or seven subjects
instead of three as it is the case at present.” As for me, | ve-affirm that as far as Nigeria i is con-

cerned, it should be scrapped without further ado . . -

-~

Child Inventors .

In the last two years the ngerlan press carrled to thelr credrt articles and plctur&s of
two or three ngerlan youths who constructed their own air plane, boat and other scientific
gadgets. A young man constructed an airplane that flew for ten minutes in the air before
crashing to the ground; another youth tnade his own motor car and another a steam boat
that worked. These youths either had only a primary education or one, or two years of

. secondary education, [ronically one is tempted to say, “Thank God, they left school before’

they became specialised robots who cannot see beyond their nose.” | wonder aloud as to
how many of us whp are specialists in physics or applled physics or mathematics or en-
gineering can construct antf fly an airplane even for ‘bne minute or construct and launch a

67 T
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; . 'plete understan'dlng in the early stages of teaching, with the resultant danq&vof creating

' steam-shlp that will sail for ten mlnutes only. Itisour contention that most: of the world .

inventors neve‘r learnt half of the physus, chemustry ‘and mathematux that'we teach at the
secondary and university levels today, What | am trying to put across here is that the age

of passive reljance on tradition and authority without question belonged to the 19th

ceéntury. The obscurantlst s faith .in the expert’s Sspecial knowledge and skill, personal know-

ledge and authority is a thing of the past and cannot by any stretch 6f imagination get. us L

far as developing countries, We need to widen the scientific horizon of our youths by ex-

posmg them to a wide spectrum of scientific. skills and investigation with a view to deve-

loping their sclentufuc attltude not neoessarlly as scientists-to-be for- only a handful of ‘them

need t6 be scientists, but as scuentlflcally oriented citizens of their country and theur world.
‘Lofd Beeching who is a British Physicist, is a man after my heart. In his address to

_the Third Intemational Conference on Physics Educatlon_ he said inter alia:

. .(There) is the need for special care to guard against establlshung an illusion 3‘f com-

mental blogks to subsequent acceptance of more refmed theories.. In my oWn case, and
| dor not believe | was exceptional, early hcqualntance with Newton's laws c’reated such -
complete acceptance of them as to causé very real difficulty in my subsequent accep- -
tance ‘of quantum ‘mechanics and relativity. It was not that | could not handle the mathe-
matucs, but | could not do so with any facility because | kept thinking, ‘I understarﬂ
Newtorian mechanic$ but | dgn’t understand-this’, ‘and | felt, therefore, either that my
mind was inadequate or that there was something false about’the concepts ‘which, | was
asked to accept. It was only later, when | realised that I did not understand the pheno-
mena which Newton's laws describe, either, but had merely accepted the laws as a com-
plete and satisfying deecrlptlon of the phenomena, that some of my dlffucult\es?titsap-
peared. | suspect that difficulties of ‘t}ns kind are still being created, and created un-.
necessarily.” (1) - .
* | wish many-: of us can be as fra nk as Lord Beechung for it |s only |f we can recognise our
- own limitation that we will be in a position to take a-critically honest look at:our outmoded
educatlon system and our traditional teaching method. According to many critics,
.. the graduate sciehtist or technologlst too often displays a narrowness ofview and
1nterests (and) is unable to relate his own work to that of his colleagues or theirs to hcs, .
or is hot as effective as he should be as a member/or asa leader of a team:because ofhis

mablllty to communicate effectuvely with others or to enter sufflclently well intg their-
thoughts and feelings.”.(2) :

o

TheAfrlcanChild-- LT S f

The first twelve years isthe most f’ormatlve perlod ina chuld'&lufe for ig is durung thls
period that attitudes and qmtdde‘s are deVeIoped It is atso during this period that the
child requires mtellugent -care of hus physucal needs and-frained guudance in hlsmental
emotional and social potentialities. It is our contentic ion_ that the African childlike any other -
child should be héiped right from the start to dévelop some or. all of the following scientific

skllls and abllmes curiosity, mampulatlve abllity, spontaneousflexlblluty, experumentatlon ’
. _ .

RPN
’

Il

o
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N

(1) The Edut:atuon of a PhYSlCISt Edited by S C. Brown and N. Clarke Publlshed by Oluver &
. Béyd, London, 1966 pp. 1 and 2 : . .
(2) Loc. cit. s
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initiative, industry, manual dexterity, mechanical comprehension and the coordination of -
~ hand and eye (and in passing, how we wish he could do this i his own mother tonguel).
As we said earlier, most of 60 children in Africa will not have more than a primary or.two
years of secondary educatian before the end of this century which is only 28’years away.
We want to make intelligent versatile, and scientjfically oriented citizens out of them. ' To
achieve this we need to give them a broad general science education. A few of them will
become specialists but this specialism will be more meaningful only if predicated on-a gen-
- eral science education, As | said earlier, | may be preaching to the converted and | will not -
bore you any further. R S '
Integrated Science Programme C i ,

What, we may ask, are the objectives of an integrated science programme? One objective )
is to deve|op scientific attitudes; abilities and behaviour; that is, to develop a built-in -~
scientific attitudg in the child assoon as possible. As one of my colleagues expressed it, .

" “what is integrated about science is not the topics studied but the process of studying them." (3)
*+ | mentioned earlier some of the behavioural goals that we hope ta achieve through general

>

. /- science education, these'are; manigulative ability, éeo.gt_é’neous flexibility, initiative, ind-

ustry, experimentation ‘etc.., The primary science papel of the Nigerian Educational Research

Council (NERC) at a recerit workshop let by.Dr. E.ja.y Yoloye of the University of Ibadan
adopted a modified version’ of the American Association for the Advancement of Science
(AAAS) process classification scheme for building new science aurricula for Nigeria. The
fifteen behavioural goals, while'not exhaustive, should serve us-in good _s_t7ad in determining

’

ssome of the skills and attitudes we wish to build into the personality of the child dt the end
: B W ‘ N .

of an integrated sciengeé course:’ .. L . /
‘1. OBSERVATION i o

_";, . . ”," "7 - ’ ) : "
" All gxperimental science involvés observation of natural and man;made phenomena:
© ~ " These observations can be made in abroad descriptive sense, or they may be associated

~ wijth indepth ex:aﬁ\,in_l_ations of limited specialized systems. ° /
' % 2. CLASSIFICATION - . . 3 / »

+/ This procéss is found in some degree in almost all scientific )actlvmes. Sorting, group-
. ing, and orderifg, both on a qualitative and quantitative b?_sis, fall into this category.
3. COMMUNICATION R T
" Once experience with *‘scientific’’ materials has been acquired, the ability to com-
O L . W ae c . WG : .
- municate regarding observations, data, discoveries, etc: |s~fundamental to the growth of

 scientific knowledge. < " Yan R
~ *4. COUNTING NUMBER RELATIONSHIPS:  * . -

" The-first leyel of quantification in science is the applica‘tion"o'f counting number to
- observations. The use of discrete'number, in association with ugits of measure . . .5
trees, 9 stones, etc., is the beginning of measurement. In sciencg, number is always

" - associated with-a unit of measure, and the counting operation forms the basis of a » N
wide range of quantitative o _s_erva;ions. VAR o . e
N ’ -3 ] 1. ‘ - N . ‘: ' . “ " L)
.' -).‘"4\"\... . *
R RS .
S c T ./ N\ oo ) )
St N o e e
’ N - o E '-,"._. h . . e S [PEp ’ . @ ’ L .
. (3).E. A. Yoloye, Journal of the Science Teachers' Association of Nigeria, . ~®* . .
R Vol. 10, No. 1, 1971,'p-64 : T e
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MEASUREMENT Y

Once onepasses from the operation of dlscrete countlng of isolated objects an
form of measurement ig |dent|f|ab,le Man-made units of area, Iength volume, and ‘
“time are describable on a continuum, with.number itself ming a relative role.
Ina sense, almost any number- system can be |mposed onghis type of measurement
as long as it is consistent from one unit to the next. Caongtuence of unit is the singl

- criterion to be applled within a given'| measurement system of this type X

RAISING QU ESTIONS

Inherent in any subject matter scheme involving dlrect observatlon and experrmen—
tation is'the richness of questions arising directly from the exposure of individual
pugils to the materials.: Thus, in observing séveral pendulums of dlfferent Iengths
one might gsk why do they move at dlfferent ”speeds" o :

.PREDICTION L T

" The process of predlctlon proceeds from well-fou nded bases of hypothesls theory,
or “laws”, Once a collection of consistent data is obtained, such operations as A
extrapolatlon and |nterpoIat|on form the basis of this important. scientific process.
The importance of predlctlon to scientific enquiry is that science places greater
emphasis on the ablllty to predlct (inits process of knowing)-that on the ablllty to
- describe or explaln L ) _ , o S
"IN FER ENCE =

Thisisa’ broad category of process. It lmplres cause and effect relationships and

o correlatlbns One is exposed to observation of'several variables which seem to be

\

- ’

B o8 o

' reIated and.one infers a relationship between them, “Inference may be speculative, - : T

based upon prellmlnary or sketchy data, or it may be more-weII founded, based
upon exteqslve and precise data obtained frol experim

. FORMULATING HxPOTHESES

AImost any series of observations can Iead to hypothesls formuIatlon Hypo-
theses need not be too protound or have a high probabllrty of experlmental veri-
fication, as long‘as they arise from observatlons which: Iead one to speculate as to
“what Wl|| happen if...... Y SR , / T S
MAKING OPERATIONAL DEFINITIONS ' ) .7

Oftentlmes in experlmentatlon it becomes necessary to describe phenomena in
‘concrete terms without complete or exact knowledge of t is actually fhappening.
Here the emphasis is on setting- boundary condltlon with reference to “ac\ivity” -
observations which enables one to “go on” with a work‘)ﬁ definition, subjXct to
later revision, W|thout less of va||d|ty SRR ‘

.CONTROLLING OI:?ANIPULATING VARIABLES

oL

" Measuring variables Js one thing. Controlling or manipulating varlables is qulte
another. Here the e phasls ison ldentlfylng variables in a system, holding some
constant, and manipulating others, usuaIIy only one, to seé how the system func-

- tions. Dlscoverlng the relational roIe of a variable i ina system is the highest Ievel of’
understanding in this process. - /. o # 4

/
/

i

,‘ ‘ 4‘ ';— ' . / 4 . 9.
. ’ 70 L o . - .
leferentratlon between counting fhumber: relatlonshrps ahd meésurement proper is
Usually obvious, but there are ‘grey- areas ' where the two merge |mpercept|bly '
L]
“woo)y :
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12 EXPER‘ENTING ' o - _ D
In a primitive sense, experimentation may take the form of trial and error activities, T Bl

based upon-previous experience. At its higher levels, however; experimentation means }
probing along a pdth that appears fruitful. In the strictest, sense, experimentation im- : i

plies the test of hypotheses formulated on the basls of experlence galned in prewous o ‘
experimentation. - E :

13. FORMULATING MODEL$

. . Mental models are built to en mpass many related observations. One builds these
“models to "prcture 'what is hap enmg now and to predict what will happen in another-
set of circumstances. One of the chief characteristics of this protess is the continual B ‘
\/i:l'gange and-refinment of the model in the I|ght of new ewdence whlch challenges some R
facetofthemodel~ o .‘ .

3'4. INTERPRETING DATA

The.collectlon and cIassuilcatlon oftda\lsnot often an end in |tself Amoreim: - ’ a
portant aspect is; ““what does-the data tell you?" Data, shou| Id be analysed with the . /'/ '

aims of generalising where: possible, utlllzmg the data as a basjs for prediction,.and . ' N
considering the- "quallty"oof the data in terms:of- desngnlng re'refined experiments. . IS B
The |nterpretat|on given to a<set of data provndes the |mpetus for new investigations. . N R

18, MANIPULATIVE SKILL L - Lo
=132 The acquisition of mechamcal skllls of manlpulatlon is fundamental to thé creation :
.. of situations in whlch the other processes are naturally brought out. Increaslng mani- ° : i ‘
- . -pulative skill rﬁeans the use of mére and.better apparatus with the i |ncreas|ng probabnllty L S SR
** of requiring the other processes for epranatlon understandlng ) .. _ . l '
I suggest that this august body consider thése fiftden ‘points as eXam les of some of the S S
’ ways we can approach the deslgnlng and the teacher of f.an mtegrated Slil nce programme for ;
primary andSecondary,schools. . . : _— SR
e For too long in Africa, we have beén edl.lcatlng tgo many people with. educated head S e '
. -and uneducated hand; we need-to- educate the new generation of African children'to use s
their head and hand very effectively. SR v -
*  How dowe broaden the. background of our children to enable them react confldently -
o to thelr envuronment? ‘Nsuggestthat we fieed to discover the intimate connections that o
.exist among disciplines as well as look for all possible extenslons To cite a few examples -
of what 'l have in mind: “One. wouId like to have a sclence unit entitled: “Elementsof = - =~ . , .
. automatlc contrelin plants, animals andpjant behaviour.” In blants and animals, ecology, . !
T : anatomy, evolution physiology, genetics etd. are common phenomenon to both. Why not .
: eprout and extend ‘these to the nth degree?r C - .
. I.am sure our scientists here at this Worksh%re up to the task and the next few days L
should give;us a good'start. e . : ’
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o _ Functlonal Agnculture Health and Nutrmon - _ N
| ' On agncultural science, nutrition ang health, these are best taught by examples rather f-;’ :
. P than by precepts. - Teachers and pupils must be fully involved and the best involvement is oy
i - ‘through active participation by both, Chlldren are more interested in cause and effect . :
P o her than a'study in depth of reproduction cycle of a mosquito. They want to fmzl out '
. by themstlves what happens when plants are deprwed of air, water and light and in/how t L
make bugger and better yams, tomatoes_oranges, corn etc. Above all, they want :F do it '

o themselves They need to experiment.with their own plots and try their hands op cookifig

- and in mdking delicious dishes. In other words, teaching of agriculture, nutrition and health

Pp , ' ,should b€ functional and practigal. Theory without practlce is like learmng to swim by

* "correspondence! ; S \

‘ o e We must select the appropnate Iearnlng experuences that will help in achieving our iden-

o tified aims and objectives for the integrated science programme. .First we must realise that
the majority of our children will not go on to the secondary grammar school for some time
to come. But all of them will be citizens of their countries and most of them will in the
meantime become apprentices, farm hands, petty traders, and the like. We need literate .
farmers, carpenters, traders etc. Above all, we need 'good, proud and honest citizens— '
thus we need this type of person in Africa toglay more than: doctors, lawyers, teachers ett.

+ Inany case}.if we produce good citizens ‘will become good lawyers, good teachers,

" good doctors, good farmers, good carpgnters or good scientists. In |dent|fy|ng the Iearmng

expenences\'equlred we ourselves as teachers must realise that:
(a). learning is an active process and thede erner ‘must be actwely involved;
Y (b) * learning becomes more effective if the’learner understands what he is learning;
: (c) environment affects learning; @ e .

o (d) teachers affect learning; ! « A T i
' : , (e)~indjvidual dlfferences affect Iearnlng, ) ' ) g :

- (f) values, goals and motives affect learning;
. . {g) all learnings are\rn ulti-purpose;

' . (h) reinforcement is\essential in learning; : .

(i) mtegr'ated Iearm g experiences yleld better- results B .
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Y knowledge on his own. -
e " The teachers Afnca ne

Iedge on their own. They must above-ali-be wullmg to experiment and be unafraid of failure: (4)
) Whatever we do as teachers ahd admnﬂistrators, |t is incumbent upon us to create the suntable
o envnron_ment that’ wpll enable the child dlscover thlngs for himself. o )
) _ * As a popular saying goes, there are three Kinds of people. I ) R - A
r (1).. A few who make things happen - g ‘_" L \ .
" -(2) Somewho watch things happen - ' - T
_ (3) and millions who don"tknow what |s happemng ’ o~ o
Ce " I hope that the few of us wh are here at thus Workshop will makevthmgs happen |n -
- .. Stience Ed'ucatloq in Afrlca K
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